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F.R.A.S.B., Geologist, Geological Siirvey of India, 27, Chowringhoo,
Calcutta.

4. Geography and Geodesy.—Dr. A. M. Heron, D.Sc., F.R.G.S., F.R.S.E.,
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( 3 )
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F.N.I., F.R.A.S.B., ProfoHsor of Tropical Medicine, Carmichael
Medical College ; Honorary Professor of Biochemistry, University of

Calcutta, 82/3, Cornwallis Street, Calcutta.

1 1 . Veterinary Research.—Col. Sir Arthur 01 ver, C.B., C.M.G., F.R.C.V.S.,
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Entomologist, Imperial Institute of Agricultural Research, New
Delhi.

8. Anthropology.—T. C. Ray-Choudhuri, Esq., M.A., B.L., Lecturer,
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—Dr. D. D. Sheiidarkar, B.A., B.T., T.D., Ph.D., Lecturer,

Osmama Training College, Hyderabad, Deccan.
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Indian Association for the Cultivation of Science, 210, Bowbazar
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2. Chemistry.—Prof. B. C. Guha, Ph.D., D.Sc., Professor of Applied
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3. Geology.—N. N. Chatterjee, Esq., M.Sc., Lecturer in Geology, Calcutta
University, 73A, Harish Mukherjee Boad, Calcutta.

4. Geography and Geodesy.—Dr. S. P. Chatterjee, Ph.D., 22/D, Bam
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India, Indian Museum, Calcutta.

12. Physiology.—Prof. S. N. Bay, M.Sc., Ph.D., Professor of Chemistry,
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University College of Science, 92, Upper Circular Boad, Calcut ta.
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1. Mathematics and Physics.—Prof. B. B. Bay, D.Sc., F.N.I., Khaira
Professor of Physics, University College of Science, 92, Upper
Circular Boad, Calcutta.

2. Chemistry.—Dr. A. C. Sircar, Ph.D., Chemistry Department,
Presidency College, Calcutta.

3. Geology.—^Dr. M. B,. Sahni, M.A., Ph.D., D.Sc., D.I.C., Geological
Survey of India, 27, Chowringhee, Calcutta.

4. Geography and Geodesy.—D. P. Ghosh, Esq., M.A., Lecturer and
Curator, Ashutosh Museum ofArt, Calcutta University, 12, Anthony
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CoUege, Calcutta.

6. Zoology.—D. D. Mukerji, Esq., M.Sc., Lecturer Calcutta University,

35, BaUygunge Circular Boad, Calcutta.

7. Entomology.—Dr. P. Sen, M.Sc., Ph.D., D.I.C., Entomolo^st,
Bengal Malaria Besearch Laboratory, AU-India Institute of Hygiene
and Public Health, 21, Chittaranjan Avenue, Calcutta, and Dr. D. P.
Bay Chowdhry, Ph.D., Zoological Laboratory, 35, BaUygunge
Circular Boad, Calcutta.

8. Anthropology.—Dr. P. C. Biswas, M.Sc., Ph.D., Anthropological
Department, 35, BaUygunge Circular Boad, Calcutta.

9. Agriculture.—B. P. Mitra, Esq., M.Sc., Besearch Assistant imder the
Imperial Council of Agricultural Besearch, University College of
Science, 92, Upper Circular Boad, Calcutta.

10. Medical Research.—

D

t. A. C. UkU, M.B., M.S.P.E., F.N.I., Senior

Visiting Physician, Chest Department, Medical CoUege Hospital, 3,

Creek Bow, Calcutta.

11. Veterinary Research.—Capt. J. M. Lahiri, M.B.C.V.S., Vice-Principal,

Bengal Veterinary CoUege, Belgachia, Calcutta.

12. Physiology.—Dr. B. B. Sarkar, D.Sc., F.B.S.E., Lecturer in

Physiology, Calcutta University, 33/3, Lansdowne Boad, Calcutta.

13. Psychology.—S. K. Bose, Esq., M.Sc., M.A., Experimental Psychology
Department, University CoUege of Science, 92, Upper Circular

Boad, Calcutta.
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OFFICERS OF THE INDIAN SCIENCE CONGRESS
ASSOCIATION FOR 1937-38.

EXECUTIVE COMMITTEE:

1. Rao Bahadur T. S. Venkatraman, C.I.E., B.A., I.A.S., F.N.I.,

President.

C Professor The Rt. Hon’ble Lord Rutherford of Nelson, D.So.,

2. < LL.D., Ph.D., F.R.S., till his death on the 19th October, 1937.
Sir James H. Jeans, D.Sc., Sc.D., LL.D., F.I.C., F.R.S., President elect.

3. W. D. West, Esq., M.A., F.N.T. ')

4. Prof. J. N. Mukherjee, D.Sc., F.C.S., F.R.A.S.B., V General Secretaries.

F.N.I. )
5. Dr. S. L. Hora, D.Sc., F.L.S., F.Z.S., F.R.S.E., F.R.A.S.B., F.N.L,

Treasurer, R.A.S.B., Treasurer, ex-officio.

6. Johan van Manen, Esq., C.I.E., F.R.A.S.B.,
R.A.S.B. Managing Secretary, ex-officio.

7. Prof. B. Sahni, Sc.D., D.Sc.. F.R.S., F.N.I.
8. Prof. S. P. Agharkar, M.A., Ph.D., F.L.S., F.N.I.
9. Prof. S. S. Bhatnagar, O.B.E., D.Sc., F.Inst.P.,

F.N.I.

10. Prof. S. N. Bose, M.Sc., F.N.I.
\

11. Prof. P. C. Hitter, M.A., Ph.D., F.N.I. ’

12. Prof. S. K. Mitra, D.Sc., F.N.I. 7

13. Principal B, M. Sen, M.A., M.Sc., I.E.S., F.N.I. j

General Secretary,

Elected by the

General Committee*

Local Secretaries

(co-opted).

COUNCIL:

1-13. (a) Members of the Executive Committee. Ex-officio.

(b) Past Presidents who are Ordinary Members.

14. Sir P. C. Ray, Kt., C.I.E., Ph.D., D.Sc., F.C.S., F.R.A.S.B., F.N.I.
15. Sir M. O. Forster, Kt., D.Sc., Ph.D., F.N.I., F.R.S.
16. Sir J. C. Bose, Kt., C.S.I., C.I.E., D.Sc., F.R.A.S.B., F.R.S. till his

death on the 23rd November, 1937.

17. Prof. J. L. Siraonsen, D.Sc., F.I.C., F.R.S., F.R.A.S.B.
1 8. Lt.-Col. R. B. Seymour Sewell, C.I.E., M.A., Sc.D., M.R.C.S.,L.R.C.P.,

F.L.S., F.R.S., F.R.A.S.B., I.M.S.

19. Sir L. L. Fermor, Kt., O.B.E., D.Sc., F.G.S., A.R.S.M., M.Inst.M.M.,
F.N.I., F.R.S., F.R.A.S.B.

20. Prof. M. N. Saha, D.Sc., F.R.S., F.R.A.S.B., F.N.I.

21. Dr. J. H. Hutton, C.I.E., M.A., D.Sc., F.R.A.S.B., F.N.I.

22. Sir V. N. Brahmachari, Kt., M.A., M.D., Ph.D., F.R.A.S.B., P.N.I.

(c) Past General Secretaries who are Ordinary Members.

17. Prof. J. L. Simonsen, D.Sc., F.I.C., F.R.S., F.R.A.S.B.

8. Prof. S. P. Agharkar, M.A., Ph.D., F.L.S., F.N.I.

23.

Dr. H. B, Dunnicliff, M.A., Sc.D., F.I.C., F.N.I., I.E.S.

(d) Past Treasurer who is an Ordinary Member.

24.

Dr. B. Prashad, D.Sc., F.L.S., F.Z.S., F.R.S.E., F.R.A.S.B., F.N.L

{ 7
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26-32. (e) Sectional PreMenU*

(/) Elected by the General Committee.

33. Prof. J. C. Ghosh, D.Sc., F.N.I.
34. Lt.-Col. S. L. Bhatia, M.C., M.A., M.D., B.Ch., M.R.C.P., F.C.P.S.,
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36. Dr. A. M. Heron, D.Sc., F.R.G.S., F.R.S.E., F.R.A.S.B., F.N.I.
36. Rai Baliadur K. N. Bagchi, B.Sc., M.B., F.I.C., D.T.M.
37. Prof. H. K. Mookerjee, M.Sc., D.Sc., D.I.C.

SECTIONAL COMMITTEES, 1937-38

:

1. Mathematics and Physics

—

Dr. C. W. B. Normand Convener,
Prof. N.R. Sen .. Recorder.

Prof. K. S. Krishnan Sectional Correspondent.

Dr. B. B. Ray Local Sectional Secretary.
Dr. M. R. Siddiqui . . . .

'

Dr. K. N. Mathur . . .

.

1

Elected Members,

Prof. Wall Mohammed . . . .

'

Mr. T. P. Bhaskara Shastri

Dr. S. K. Banerji .

.

Prof. M. N. Saha .

.

Prof. D. M. Bose .

.

Past Presidents who are
Prof. S. N. Bose .

.

Prof. B. Vonkatesachar . . .

.

Dr. C. W. B. Normand
Prof. S. K. Mitra . . . . . . 1

Prof. N. R. Sen .

.

Prof. S. Datta . . . . , . /

j
Ordinary Members.

Prof. G. R. Paranjpe . . . .

"J

Prof. H. Parameswaran .

.

Prof. B.B. Ray .. .. ..J

\Pa8t Recorders who are

I

Ordinary Members,

3. Ghemlstry—

Prof. S. S. Bhatnagar Convener.
Dr. Habib Hassan Recorder.

Prof. B. C. Guha .

.

Sectional Correspondent
Dr. A. C. Sircar Local Sectional Secretary.
Dr. Syed Husain . . . . . .

]

Dr. B. L. Manjunath „ . . .
. J

Sir P. C. Ray . . .

Prof. J. L. Simonson
Dr. G. J . Fowler .

.

Prof. B. K. Singh .

.

Prof. J. C. Ghosh .

.

1

Elected Members.

Prof. B. B. Dey
Prof. S. S. Bhatnagar
Prof. J. N. Mukherjee
Prof. P. C. Mitter .

.

KPast Presidents who are
' Ordinary Members.

Mr. P. R. Ray
Prof. P. Neogi
Prof. H. B. Dunnicliff
Prof. A. C. Sirkar .

.

Prof. P. C. Guha .

.

Prof. J. N. Ray . . . . , . }

* Sectional Presidents other than those, whose names have been
mentioned under other categories,
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Prof. Mata Prasad
Prof. M. Qureshi .

.

Dr. P. B. Sarkar .

.

3* Geology-^

Mr. D. N. Wadia .

.

Prof. L. Rama Rao
Mr. N. N. Chatterjee
Dr. M. R. Sahni .

.

Dr. C. Mahadevfui
Dr.P.K. Ghosh ..

Mr. E. S. Pinfold .

.

Sir L. L. Fermor .
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Mr. D.N. Wadia ..

Prof. B. Sahni
Dr. L. Dudley Stamp
Dr. C. S. Fox
Mr. P. Evans
Dr. M. S. Krishnan
Mr. B. Rama Rao
Mr. W. D. West .

.

Mr. N. N. CJhatterjee

Dr. S. K. Roy

4. Geography and Geodesy

—

Dr. A. M. Heron .

.

Mr. N. Subramanyam
Dr. S. P. Chatterjee

Mr. D.P. Ghosh ..

5. Botany-

Prof. B. Sahni
Prof. Sayeed-ud-Din
Mr. I. Bannerjee .

.

Dr. J. C. Son Gupta
Dr. Y. Bharadwaja
Dr. E. K. Janaki Ammal
Mr. C. 0. Calder ..

Prof. B. Sahni
Prof. S. P. Agharkar
Prof. M. O. P. Iyengar
Prof. K. C. Mehta
Prof. P. Parija

Dr. T. Ekambaram
Dr. H. P. Chaudhuri
Dr. S. L. Ghose
Prof. R. H. Dastur
Dr. J. H. Mitter .

.

Prof. S. R. Bose .

.

Mr. H. G. Champion
Prof. S. L. AJrekar
Dr. K. Bagchee
Prof. G. P. Majumdar

6. Zoology

—

Prof. G. Matthai .

.

Dr. G. S. Thapar .

.

Mr. D. D. Mukerji
Mr. J. L. Bhaduri
Mr. D. D. Mukerji
Dr. B. K. Das
Dr. H. S. Pruthi .

.

Past Recorders who a/re

Ordinary Members.

Convener.
Recorder.

Sectional Correspondent.

Local Sectional Secretary

.

I
Elected Members.

^Past Presidents who are

Ordinary Members.

5
Past Recorders who are

Ordinary Members.

Convener.
Recorder.

Sectional Correspondent,

Local Sectional Secretary.

Convener.
Recorder.

Sectional Correspondent.

Local Sectional Secretary.

Elected Members.

Past Presidents who are
< Ordinary Members.

1

Past Recorders who are

Ordinary Members.

}

}

Convener.

Recorder.

Sectional Correspondent,

Local Sectional Secretary.

Elected Members.
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Dr. F. H. Graveley
Prof, G. Mafcthai .

.

Prof. K. N. Bahl .

.

Dr. J3. Prashad
Lt.-Col. R. B. S. Sewell

Dr. B. Sundara Raj
Dr. S. L. Hora
Dr. B. L. Bhatia .

.

Prof. D. R. Bhattachaiyya
Prof. R. Gopala Aiyar
Prof. P. R. Awati .

.

Prof. H. K. Mookerjee
Dr. G. S. Thapar .

.

Dr. H. N. Ray .

.

Mr. D. D. Miikerji

Pcist Presidents who are

Ordinary Members,

/

? Past Recorders who are

S Ordinary Members,

7. Entomology

—

Mr. M. Afzal Husain
Dr. H. S. Pnithi .

.

Mr. D. D. Mukorji
Dr. P. Sen
Dr. D. P. Ray Chowdhry

Convener.
Recorder.

Sectional Correspondent.

Local Sectional Secretary,

8. Anthropology

—

Dr. B. S. Guha .

.

Mr. T. C. Raychoudhuri
Mr. J. K. Bose .

.

Dr. P. 0. Biswas .

.

Mr. B. M. Lai
Prof, M. H. Krishna
Prof. P. C. Mahalanobis
Dr. J. H. Hutton .

.

Dr. B. S. Guha .

.

Lt.-Col. R. B. S. Sewell
Mr. K. P. Chattopadhyay
Mr. J. P. Mills .

.

Rai Bahadur Ramaprasad Chanda
Rai Bahadur S. C. Roy
Dr. G. S. Ghurye .

.

Mr. H. C. Chakladar
Mr. T. C. Das
Dr. G. M. Kurulkar
Dr. D, N. Majumdar

Convener,
Recorder.

Sectional Correspondent.

Local Sectional Secretary,

Elected Members.

Past Presidents who are
Ordinary Members,

I

Past Recorders who are

Ordinary Members.

9. Agriculture

—

Rao Bahadur T. S. Venkatraman
Dr. A. N. Puri ..

Prof. S. P. Agharkar
Mr. R. P. Mitra
Dr. C. N. Acharya
Dr. Amir Ali

Rao Bahadur M. R. Ramaswami Sivan .

.

Sir B. C. Burt
Rao Bahadur T. S. Venkatraman
Sir T. Vijayaraghavacharia .

.

Rao Bahadur G. N. Rangaswami Ayyangar
Mr. M. Afzal Husain
Dr. S. S. Nehru
Mr. A. K. Y. Narayan Aiyer .

.

Rao Bahadur B. Viswa Nath .

.

Convener,
Recorder.

Sectional Correspondent,
Local Sectional Secretary,

Elected Members.

Past Presidents who are
Ordinary Members,
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Mr. N. V. JoBhi .

.

Dr. S. V. Desai
Mr. Y. D. Wad .

.

10.

Medical Research

—

Sir U. N. Brahmachari
Dr. S. W. Hardikar
Dr. K. V. Krifthnan
Dr. A. C. Ukil
Capt. S. Datta
Dr. Hyder Ali Khan
Brev.-Col. R. N. Chopra
Sir U, N. Brahmachari
Lt.-Col. S. S. Sokhey
Major K. R. K. Iyengar
Lt.-Col. H. E. Shortt
Col. Sir A. Olvor . .

Dr. M. B. Soparkar
Dr. A. C. Ukil
Rao Bahadur Prof. T. S. Tinimurti

Past Recorders who are

Ordinary Members.

Convener.
Recorder,

Sectional Correspondent.

Local Sectional Secretary.

Elected Members.

Past Presidents who are

Ordinary Members.

Past Recorders who are

Ordinary Members.

11. Veterinary Research

—

Col. Sir A. Olver . .

Capt. S. Datta
Mr. M. N. Datta .

.

Capt. J. M. Laliiri .

.

12. Physiology—

Brov.-Col. R. N. Chopra
Dr. S. N. Mathur .

.

Dr. S. N. Ray
Dr. B. B. Sarkar .

.

Dr. S. A. Rahman
Dr. A. Subba Rao ,

.

Prof. W. Burridgo. .

Lt.-Col. S. L. Bhatia
Prof. H. E. C. Wilson
Prof. N. M. Batdu .

.

Convener.
Recorder.

Sectional Correspondent.

Local Sectional Secretary.

Comicner.
Recorder.

Sectional Correspondent.

Local Sectional Secretary.

Elected Members.

Past Presidents who are

Ordinary Members.
Past Recorders who are

Ordinary Members.

13.

Psychology

—

Dr. G. Bose
Dr. D. D. Shendarkar
Mr. H. P. Maiti
Mr. S. K. Bose .

.

Mr. S. C. Chatterji
Prof. W. Burridgo.

.

Dr. N. N. Son Gupta
Mr. H. D. Bhattacharya
Lt.-Col. O. A. R. Berkeley Hill

Prof. N. S. N. Sastry
Dr. G. Bose
Mr. M. N. Banerjee
Dr. S. C. Mitra
Mr. J. M. Sen .

.

Mr. D. Ganguly .

.

Miss S. Ghosh
Rev. J. C. Manry .

.

Convener.
Recorder.

Sectional Correspondent.

Local Sectional Secretary.

Elected Members.

Past Presidents who are

Ordinary Members.

Past Recorders who are

Ordinary Members.



3. LOCAL RECEPTION COMMITTEE.

CHAIRMAN:

Syamaprasad Mookerjeo, Esq., M.A., B.L., Barrister-at<Law, M.L.C.,

Vice-Chancellor, Calcutta University.

LOCAL SECRETARIES:

' Prof. S. K. Mitra, D.Sc., F.N.I., Ghosh Professor of Physics, Calcutta
University, University College of Scieiixse, 92, Upper Circular Road,
Calcutta.

B. M. Sen, Esq., M.A., M.Sc., F.N.I., I.E.S., Principal, Presidency College,

College Street, Calcutta.

HONORARY TREASURER

:

Dr. S. C. Law, M.A., B.L., Ph.D., F.N.L, P.Z.S., M.B.O.U., 60, Kailas
Bose Street, Calcutta.

MEMBERS OP THE LOCAL RECEPTION COMMITTEE

:

S. P. Mookerjoe, Esq.,

Chairman.
Prof. S. P. Agharkar.
Major D. Ahmad.
The Hon. Mr. Syed Nausher Ali.

Khan Bahadur K. M. AsaduUah.
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B. N. Banerjee, Esq,
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H. P. Bhaumik, Esq.
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{Balmer Lawrie db Co.)
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{MacLeod d? Co.)
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R. Chakravarti, Esq.
Dr. S. C. Chatterjee, C.M.O.
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Ashoke Chatterjee, Esq.
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R. Geisse, Esq.
{Siemens yTndki\ Ltd.)

J. P. Ghoso, Esq.
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Dr. H. Ghosh.
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G. L. Mehta, Esq.
Major General P. S. Mills, I.M.S.
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S. N. Mitter, Esq.
J. C. Mookerjee, Esq.
Charles T. Moore, Esq.
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General Secretary.

J. N. Mukerji, Esq.
Dr. Bamandas Mukherjee.
S. C. Mukerjee, Esq., I.C.S. (Retd.).
Dr. S. K. Mukerjee.
Lt.-Col. H. E. Murray, I.M.S.
The Hon. Maharaja Sris Chandra
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Prof. Panchanari Neogi.
E. S. Olpadvala, Esq.
W. T. Orange, Esq.
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Sir Hari Sankar Paul, Kt.
{B. K. Paul da Go., Ltd.)
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Edwin Reinhold, Esq.
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S. A. Roberts, Esq.
{Bird c& Go., and Messrs. F. IV,

Heilgers ck Go.)
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Kumar D. N. Roy.
Dr. B. C. Roy.
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Dr. A. K. Sen.
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Prof. N. N. Sen.
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S. P. Sen, Esq.
A. C. Sen, Esq.
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B. K. Sen, Esq.

{Shalimar Paint, Colour db

Varnish Co., Ltd.)

M. L. Shah, Esq.
Dr. B. Shaha.
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Sir H. Suhrawardy, Kt.
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Mr. S. Datta.
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Mr. J. M. Majumdar.
Mr. Somesh Ch. Chowdhury.

Mr. Mahadev Chakrabarti.

Mr. S. N. Bhattacharyya.
Mr. Kamdas Mukherjee.





4. GENERAL.

The Indian Science Congress Association attained its Silver
Jubilee in 1938 and to celebrate the occasion the twenty-fifth
meeting (Silver Jubilee Session) was held as a joint Session of the
Indian Science Congress Association and the British Association
for the Advancement of Science at Calcutta from January 3rd
to 9th, 1938 under the auspices of the University of Calcutta.
In addition to the British Association Delegation, a number of
eminent foreign scientists attended the meeting at the invitation

of the Indian Science Congress Association.

The inaugural meeting was held on Monday, January 3rd,

] 938 at 10 A.M. at the University College of Science, Calcutta.

The Chairman of the Reception Committee welcomed the
delegates in a speech and requested His Excellency the Viceroy
to open the Congress. His Excellency opened the Congress with
a speech and the President of the Congress delivered his address.

The President then read out extracts from the address which the

late Lord Rutherford had prepared for the occasion.

The Sectional Presidential Addresses were delivered as

follows :

—

Tuesday, January 4th: 9-30 a.m., Botany; 10-30 a.m..

Physiology; 11-30 a.m., Agriculture.

Wednesday, January 5th: 9-30 a.m., Medical Research
and Psychology; 10-30 A.M., Mathematics and Physics;

11-30 A.M., Geography and Geodesy, Entomology.

Friday, January 7th: 9-30 a.m.. Zoology; 10-30 a.m.,

Veterinary Research; 11-30 a,m., Chemistry.

Saturday, January 8th : 10-30 a.m., Geology; 11-30 a.m.,

Anthropology.

Symposia and Joint Meetings of Sections were held as

follows :

—

Tuesday, January 4th : 10-30 a.m.~12 noon, Discussion

on ‘Animal ecology in relation to India’, Section of

Zoology; 1-30 p.m,~3 p.m., (1) Discussion on ‘Blood

groupings and racial classification’. Section of Anthro-

pology; (2) Joint Meeting of the Sections of Entomology
and Agriculture to discuss ‘Biological control of insect

( 17 )

2



18 Twenty-fifth Indian Science Congress,

pests’; (3) Joint Mooting of the Sections of Geology and
Botany to discuss ‘Discrepancies between the chronological

testimony of fossil plants and animals’; 1-30 P.M.-4 p.m.,

Wl) Joint Meeting of the Sections of Mathematics and
Physics and Chemistry, held in co-operation with the

Indian Physical Society to discuss ‘Becont advances in

molecular structure from the physico-chemical stand-

point’; (2) Joint Meeting of the Sections of Medical
Besearch, Veterinary Besearch and Physiology to^scuss
‘Animal and their diseases in relation to man ’^13) Joint

Meeting of the Sections of Botany and Chennstry, held

in co-operation with the Society of Biological Chemists,

India, to discuss ‘The absorption of salts by plants’.

Wednesday, January 5th: 9-30 a.m.-JI a.m., (1) Dis-

cussion on ‘Algal problems peculiar to the tropics, with
sjjocial reference to India’, vSection of Botany; (2)

Discussion on ‘The place of systematies and morphology
in the study of the living animal’. Section of Zoology;
9-30 A.M.-11-30 A.M., Discussion on ‘The teaching of

geography in India’, Section of Geography and Geodesy;
1 1 A.M.-12-30 P.M., Discussion on ‘Becent advances in the

J structure of alkaloids’, Section of Chemistry held in co-

operation with the Indian Chemical Society; 11-30 A.M.-
12-30 P.M., Discussion on ‘Immunity in protozoal infec-

tions’, Section of Medical Besearch; 1-30 p.m.-~3 p.m..

Discussion on ‘The dissemination of cereal rusts in India’,

Section of Botany; 1-30 P.M.-4 p.m.. Joint Meeting of

the Sections of Zoology, Medical Besearch, Veterinary

Research, Entomology and Agriculture to discuss ‘The
relation of Zoology to Medicine, Veterinary Science and
Agriculture’; 2 p.m.-4 p.m., (1) Discussion on ‘The
importance of Anthropological studies for India’, Section

of Anthropology; (2) Discussion on ‘The significance of

boundary faults in the Sub-Himalayas’, Section of

Geology.

Friday, January 7th : 9-30 a.m.-12-30 p.m., Discussion on
‘Contributions of abnormal psychology to normal psy-
chology’, Section of Psychology; 10-30 A.M.-11-30 a.m..

Discussion on ‘ Physiology of the individual in health and
disease’. Section of Physiology; 11 a.m.~12-30 p.m., (1 )

Discussion on ‘The origin of banded gneisses’, Section of

Geology; (2) Discussion on ‘The position of Entomology
in the Indian Universities’, Section of Zoology and
Entomology; 11-30 a.m.~12-30 p.m.. Discussion on ‘Diet

and adaptation to climate ’, Section of Physiology held in

co-operation with the Society ofBiologicalChemists, India;

1-30 P.M.-4 P.M., (1 )
Discussion on ‘Theoretical statistics’.

Section of Mathematics and Physics held in co-operation
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with the Indian Statistical Conference Joint Meeting
of the Sections of Chemistry, Zoology, Medical Research,
Physiology and Agriculture, held in co-operation with the
Society of Biological Chemists, India, to discuss ‘ Colloids

in biology, medicine and agriculture’; (3) Discussion on
‘Opportunities for Archaeological excavations in India’,
Section of Anthropology.

Saturday, January 8th : 9-30 a.m.~11 a.m., Discussion on
‘A national herbarium for India’, Section of Botany held
in co-operation with the Indian Botanical Society;

11 a.m.“12-3() r.M., (1) Discussion on ‘Chemistry and
industrial develo])ment in India’, Section of Clu^mistry

held in co-operation with the Indian Chemical Society and
the Society of Biological Chemists, India; (2) Discussion

on ‘The ap])lication of statistics in agriculture’, Section of
Agriculture held in co-operation with the Indian Statistical

Conference; 11-30 A.M.-12-30 P.M.,^Discussion on ‘Nutri-

tional diseases in India ’, Section of Medical Research hold

in co-operation with the Society of Biological Chemists,
India.

Sunday, January 9th : 10-30 a.m.. Discussion on ‘The
practicable possibility of breeding immune strains’.

Section of Veterinary Research; 11-30 A.M.-12-30 p.m..

Discussion on ‘Pre-Cambrian Sedimentation’, Section of

Cileology; 1-30 p.m.-^ p.m., (1) Joint Mooting of the

Sections of Mathematics and Physics, Geology, Geography
and Geodesy and Agriculture, held in co-operation with
the National Institute of Sciences of India, and the

Indian Physical Society to discuss ‘River Physics in

India’; (2) Joint Meeting of the Sections of Botany,
Zoology and Agriculture to discuss ‘The species concept
in the light of cytology and genetics’.

Popular Lectures were delivered as follows :

—

Monday, January 3rd : 6-30 p.m., ‘ The idea of the Nation
in Europe’ by Prof. H. J. Pleure, F.B.S., Professor of

Geograjjhy in the University of Manchester.
Tuesday , January 4th : 6-30 p.m.

, (
1

)
‘Rutherford Memorial

Lecture’ on ‘ Atoms and Isotojx^s’ by Dr. W. F. Aston,
Sc.D., LL.D., F.B.S., Cavendish Laboratory, Cambridge.

(2) ‘Present position of World Agriculture’ by Dr. J. A,
Venn, Litt.D., President of Queen’s College and Lecturer
in the History and Economics of Agriculture in tlie

University of Cambridge.

Wednesday, January 5th: 6-30 p.m., (1) ‘Nebulae’ by
Sir James H. Jeans, D.Sc., Sc.D., LL.D., F.B.S.; (2)

‘Greek influence on modem politics’ by Prof. Ernest
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Barker, Litt.D., D.Litt., LL.D., Professor of Political

Science in the University of Cambridge.

Thursday, January 6th: 6-30 p.m., ‘Uncertainty’ by
Prof. C. G. Darwin, Sc.D., F.B.S., Master of Christ’s

College, Cambridge.

Friday, January 7th : 6-30 p.m., (1 )
‘ The Milky Way and

Beyond’ by Prof. Sir Arthur Eddington, D.Sc., LL.D.,

F.B.S., Plumian Professor of Astronomy in the University

of Cambridge; (2) ‘English Parliamentarism’ by Prof.

Ernest Barker, Litt.D., D.Litt., LL.D., Professor of

Political Science', in the University of Cambridge.

Saturday, January 8th : 6-30 p.m., ‘ The Biology ofDeath ’

by Prof. F. A. E. Crew, M.D., D.Sc., Ph.D., IVofessor and
Dircictor of the Institute of Animal Gonetics in the

University of Etiinburgh.

The following Functions and Entertainments were held in

honour of the Members of the Indian xScience (Congress :

—

Sunday, January 2nd : 6-8 p.m.. Theatrical arrangement
by the Calcutta University Institute.

Monday, January 3rd ; 10 p.m., Bratachari Demonstration
(G. S. Dutt, Esq., Founder-President).

Tuesday, January 4th: 12-30 p.m., Luncheon by the
Indian Society of Soil Science to vSoil Science delegates

at the Great Eastern Hotel; 4-30 p.m.. Civic Beception
by the Corporation of Calcutta; 8-45 p.m. (for 9 p.m.)

Cambridge University Dinner.

Wednesday, January 5th : 12-30 p.m., Luncheon by the

Indian Chemical Society at the Great Eastern Hotel;
12-45 P.M., Luncheon by the Physiological Society of

India to the Physiology delegates at the Lower House,
United Service Ciub

;
4-30 P.M.-6 p.m., Afternoon Party by

the Bengal Chemical and Pharmaceutical Works at

Manicktala.

Thursday, January 6th: 11 A.M.-12-30 p.m., Conversa-
zione at the Botany Laboratory; 1 p.m.. Luncheon by the
Botanical Society of Bengal and the Botany Department,
Calcutta University, at the Grand Hotel.

Friday, January 7th : 12-30 p.m.. Luncheon by the Depart-
ment of Psychology and its ex-students to the members of
the Psychology Section, at the Psychology Laboratory,
University College of Science; 4 p.m., Afternoon Party at
Government House; 9-30 p.m.. Musical Soiree, I^irst

Empire Theatre, 4, Chowringhee Place.
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Saturday, January 8th: 12-30 p.m., Luncheon by the

Geological, Mining and Metallurgical Society of Ind^, at

the Great Eastern Hotel; 5 p.m., Afternoon Party by the

Bengal Immunity at their Laboratory, Baranagore

;

8-16 P.M. (for 8-30 p.m.). Science Congress Dinner.

Sunday, January 9th: 4-30 p.m.-6-30 p.m.. Farewell
Party by the University of Calcutta.

The following Visits and Excursions were arranged for

Members of the Indian Science Congress Association :
—

Monday, January 3rd : 2 p.m.-5-30 p.m., River Trip on
the Hooghly. The Local Reception Committee were

'At Home’ on board the steamers. Two steamers left

from Outrain Ghat and one from Jagannath Ghat at

2 P.M.

Wednesday, January 5th: 1-30 p.m.-4 p.m.. Geography
Sectional Excursion to the Salt Lakes; 2-30 P.M.-4 P.M.,

(1) Excursion of the Medical Section to the All-India

Institute of Hygiene and Public Health, the Calcutta

Sdiool of Tropical Medicine, and the Calcutta Medical

College; (2) Excursion of the Physiology Section to the

All-India Institut(i of Hygiene and Public Health, the

Cakmtta School of Tropical Medicine, and the Calcutta

Medical College.

Thursday, January 6th: (a) Whole day excursions
\ (1)

Excursions to Tatanagar and Bolepur. Parties left

Calcutta on the evening of January 6th, and arrived

back on the early morning of January 7th.

(6) Half day excursions'. Excursions to the Botanical

Gardens (15()th Anniversary at 3-30 p.m.); visit to a film

studio; visit to the Calcutta Broadcasting Station; visit

to the India Electric Works, Ltd., and several other

places.

Friday, January 7th: 1-30 p.m.-4 p.m., (1) Excursion of

the Geology Section to the Geological Survey Office, and
to the Rock, Mineral, and Fossil galleries in the Indian

Museum; (2) Entomology Sectional Excursion to the

Salt Lakes
;

1 -30 P.m.—3 p.m., Excursion of the Psychology

Section to the Psychology Laboratory ;
2-30 P.M.-3-30 P.M.,

Excursion of the Botany Section to the Bose Institute.

Sunday, January 9th: 1-30 p.m.-4 p.m., (1) Medical

Sectional Excursion to the Chittaranjan Seva Sadan, and
the Jadabpur Tuberculosis Hospital; (2) Excursion of the

Physiology Section to the Bose Institute, and Dr. S. C.

Law’s Aviary; (3) Excursion of the Veterinary Section

to the Bengal Veterinary College, Belgachia.
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The Sectional Committees met at (1) 12 noon on Monday,
January 3rd

; (2) 9 a.m. on Tuesday, January 4th
; (3) 9 a.m.

on Wednesday, January 5th; (4) 9 a.m. on Saturday,

January 8th; (5) 9 a.m. on Sunday, January 9th.

The Council met at 7-45 p.m,, on Monday, January 3rd, 1938.

The Executive Committee met at ]-30 p.m.-3 p.m., on
Wednesday, January 5th, 1938.

The General Committee met at 2 p.m.~3 p.m., on Saturday,

January Hih, 1938.

The following Scientific Societies held their Annual Mect-

ings during the Silver Jubilee Session of the Congress :

—

]. The Annual Meeting of the Society of Biological

Chemists, India, held at 3 p.m. on Tuesday,
January 4, 1938.

2. The Annual Meeting of the Indian Anthropological

Institute, held at 3 p.m. on Tuesday, January 4, 1938.

3. The Annual Meeting of the Indian Society of Soil

Science, held at 3 p.m. on Tuesday, January 4, 1938.

4. The Annual Meeting of the Physiological Society of
India, held at 1-30 p.m. on Wednesday, January
5, 1938.

5. The Annual Meeting of the Institute of (3iemistry of

Great Britain and Ireland (Indian Section), held at
1-30 P.M. on Wednesday, January 5, 1938.

6. The Annual Meeting of the Indian Chemical Society,

held at 3 p.m. on Wednesday, January 5, 1938.

7. The Annual Meeting of the Indian Physical Society,

held at 3 p.m. on Wednesday, January 5, 1938.

8. The Annual Meeting of tlu' Indian Botanical Society
held at 9-30 a.m. on Thursday, January 0, 1938.

9. The Annual Meeting of the Indian Psychological Asso-
ciation held at 3 p.m. on Friday, January 7, 1938.

10. The Annual Meeting of the National Institute of
Sciences of India held at 3 p.m. on Saturday
January 8, 1938.

11, The Annual Meeting of the Institution of Chemists
held at 1-30 p.m. on Sunday, January 9, 1938.

2. The Indian Society of Pathology and Microbiology was
formally inaugurated with a provisional Executive Committee
of which Sir U. N. Brahmachari was elected President, Dr.
A. K. Sen—Treasurer, Dr. H. Ghosh—Secretary, and Br. B. P.
Tribedi—Joint Secretary.

The following were appointed as Regional Correspondents
of the Society :

—
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Dr. Biswanath, Lahore.

Dr. C. C. Basu, Calcutta.

Capt. S. C. Dutta, Muktesar.

Dr. Hyder Ali Khan, Hyderabad (Deccan).

Dr. S. H. Gokhale, Indore.

Dr. V. R. Khanolkar, Parel, Bombay.
Major C. L. Pasricha, Calcutta.

Dr. S. M. Joshi, Kasauli.

Dr. T. S. Tirumurthi, Madras.





5. OPENING PROCEEDINGS.

The twenty-fifth meeting (Silver Jubilee Session) of the
Indian Science Congress was opened on Monday, January 3rd,

1938 at 10 A.M. by His Excellency the Most Honourable Lord
Victor Alexander ‘John Hope, K.T., P.C., G.M.S.I., G.M.I.E.,
O.B.E., D.L., T.D., the Marquess of Linlithgow, Viceroy and
Governor-General of India, at the University College of Science,

Calcutta, in the presence of His Excellency the Hon’ble Lord
Cecil Marcus Knatchbull-Hugessen, G.C.I.E., M.C., Baron
Brabourne, Governor of Bengal and a large gathering of delegates,

members and visitors. Seats were specially reserved for the

President, Past Presidents, Sectional Presidents, the Chief

Minister and Hon’blc Ministers of the Government of Bengal,

the liocal Secretaries, the General Secretaries, the Managing
Secretary, the Senior General Officer, British Association,

past Vice-Chancellors of the University, the Chairman, Local

Reception Committee and spe(dal delegates from Universities

and Learned Societies. Mr. Syamaprasad Mookerjee, M.A.,

B.L., Barrister-at-Law, Vice-Chancellor of the University and
Chairman of the Local Reception Committee welcomed the

delegates and visitors in a speech as follows :

—

Your Excellencies, Ladies and Gentlemen,

It is my proud privilege to offer a warm welcome to

the delegates and other members who have assembled here as

representatives of different Universities and various academic

bodies from all over the world. We of this University and of this

city of Calcutta which witnessed the inauguration of the Indian

Science Congress, whose jubilee is being celebrated this year,

feel honoured by their presence. Wo are particularly gratified

that this should be a joint-meeting of the Indian Science Congress

and the British Association for the Advancement of Science

which has done so much for the promotion of scientific knowledge

not only in Great Britain but in the British Commonwealth of

Nations as well. This joint-meeting which has brought together

distinguished men of science from various parts of the world

bears testimony to the spirit of fellowship which binds together

the scientific workers of the world. It heartens us in these

depressing times to think that at least in the realm of science

and scholarship there is a unity of outlook and activity which

has immense possibilities for moulding the future destiny of the

human race.

Two great figures we miss in this gathering to-day. The
death of Lord Rutherford and of Sir Jagadis Chandra Bose has

created a void which cannot be easily filled, and we consider it

( 25 )
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our duty to associate ourselves with the rest of the world in the

exj)reH8ion of deep and widespread sorrow with which the news

have been universally received. May their careers and achieve-

ments serve as an inspiration to all seekers of knowledge and

truth for generations to come.

The prevalent idea that Indians are metaphysically-minded

and their contributions to positive science are inconsiderable is

not bas(*d on a full and correct appreciation of historical facts.

India has not been a mere dreamer. In her great days she

founded colonies, and her missionaries went abroad to spread

her culture and her civilization far beyond her bounds. Charak
and Susruta, Nagarjuna and Bhaskaracharvya, Aryabhatta and
Lilavati and many others who explored the secrets of Nature,

made definite contributions to knowledge which succeeding ages

have j)rofited by. Tlu're has unfortunately been a long period

of stagnation; but to-day India is again forging ahead and
beginning to contribute to the world’s stock of knowledge.

Some of her illustrious sons have achieved international fame and
eminence. There are many others, less known, who are quietly

pursuing their activities in the domain of science, undaunted by
adverse? circumstance's and sustained by remarkable zeal and
devotion. It is perhaps a matter of justifiable pride for us to

recall that this University was the first in modt'rn India to foster

the pursuit of higher scientific knowledge on an organized scale

with the. help (diiefly of Indian S{?holars, trained here and abroad.

We owe it mainly to the vision and constriuitive ability of Sir

Asiitosh Mookerjee, its Vice-Chancellor and first President of

your Congress, and to the munificence of two of Bengal’s

illustrious sons, 8ir Taraknath Palit and Sir Rash Behary Ghosh.
To-day this cultural movem('nt has spread to all parts of India

and a steady growth of scientific activities is evident at different

centres in the country.

If we are to achieve satisfactory results, it is imperative
that larger freedom and ampk'r facilities should be given to

Universities and other bodies interested in higher scientific work.
The problem of ordinating their activities and of ensuring unity
and harmony among them is an urgent one. The conditions

leading to a successful solution of this problem should engage the
earnest attention of both scientists and administrators who should
jKissess the right vision and temper.

More and more throughout the world science is being
harnessed to the service of man. While specialists must
necessarily labour in their chosen fields, the inter-connections
between the various branches of science are being increasingly
stressed, and the distinction between pure and applied science is

becoming less and less marked. While research in the pure
sciences without any utilitarian object in view must continue
to provide the fundamental basis of discoveries on which the
application of science is to rest, the conscious collaboration
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between pure and applied science is being steadily fostered

everywhere. Let this joint session, historic in its composition,
give a clear and definite lead to future activities in India in this

direction. India is a country, where the vast body of scientific

knowledge already gathered, has not yet been utilized to any
appreciable extent for the daily life of man. The practical

application of scientific knowledge to problems of industry and
agriculture, of sanitation and nutrition, all contributing to the
steady increase of the prosperity, joy and happiness of the people,

is a question of paramount importance in a country where
millions are yet sunk in poverty, disease and ignorantte.

The fact that science and technology have been used and
are likely to be used in future for destructive purposes has raised

doubts in many minds about the utility of science itself. Indeed
the harm that has been, can be and is being daily inflicted

throughout the world by engines of destruction, scientifically

devised, is incalculable. Science is being used for purposes
that no one who believes in humanity can contemplate with
unconcern. There have been people, honest and well-intentioned,

who have been stampeded by this fact into a denial of science

itself. A halt has been cried in many quarters to the march of

science and technique. Yet it must be clear on a little considera-

tion that the blame must attach not to science btit to those men
and nations who call themselves civilized, and are shamelessly

putting s(nence to an inhuman use. Science, like fire is capable

alike of good and of evil and like fire it needs to be used with
discretion and care. Tlie good that science has done is obvious
and immense. If used exclusively for the good of mankind, it is

capable of promoting peace and happiness in this world and of

conferring benefits beyond imagination.

What is wrong with the world is not the spirit/ of science but
the moral and social failure of peoples who handle science.

vScience, in a comprehensive sense, provides us with the material

applian(;es of life. Jt is the spirit of man who uses them that

requires to be educated. The view of science should be supple-

mented by the vision of beauty and truth. It is of no little

significances that this Congress is presided over by one who has

j)roclaimed to tis that the world of science reveals the mind of

the Supreme One and it is men of his type who should be able to

contribute towards the establishment of peace on earth and
good will toward men.

In spite of political, national and racial prejudices devotees

of knowledge can and should collaborate and become the

harbingers of the new era that is to be. Freedom and unfettered

devotion to truth must be the supreme condition of their

activities. Here in this gathering are assembled men and
women from distant parts of the world, who while differing

from one another in many respects visibly demonstrate a

fraternity that is truly human. When the clouds of distrust
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and oppresnion that hang over the world will lift, things will come
out in clear perspective and matters that seem important at the

moment will appear inconsequential. Humanity will then

proceed in a spirit of common brotherhood to higher and still

higher reaches of knowledge and happiness. Let India and her

scholars play their part in this noble re-making of man’s destiny.

Ri(;h with traditions and thoughts and endowed with strength

and vitality, India claims the right of being treated as a com-
panion with equal rights in the world’s march towards a higher

and nobler civilization. Let this international meeting mark a

definite stage in this collaboration on a world-wide scale, based

on justice and fair play, leading towards the ultimate triumph of

truth and of rigliteousness, of freedom and of peace.

I have now the honour of inviting Your Excellency to open
this session of the Congress and extend to it your sympathy and
powerful support.”

His Excellency the Viceroy then addressed the meeting as

follows :

—

“Yottr Excellencies, Sir James Jeans, Mr. Vice-Chancellor,
Ladies and (Jentlemen,

It was with the utmost pleasure that I accepted the

invitation which you so kindly extended to me to open the

Jubilee Session of the Indian Science Congress Association.

This session is a memorable occasion in the annals of Indian
Science, and I would like at the opening of my remarks to extend
to the Association my warm congratulations on the successful

completion of this stage in its long and useful life. T would
like too to extend my congratulations to those re^sponsible for

the organization of this Session. They have—and 1 feel I express
the opinion of all present—been peculiarly hapiw in their choice

of Calcutta for the meeting and in their decision, with a view to
marking the special characiter of this Session, to extend invitations

to representatives of the British Association, and to scientists

from other countries, to join in the discussions and celebrations

which are to take place.

The choice of Calcutta as the meeting place is particularly

appropriate. For it was here that the first inaugural meeting
of the Association was held in 1914, in the rooms of the then
Asiatic Society of Bengal, which, if I may quote Sir Ashutosh
Mukhorjee’s words, ‘ has been throughout its long career the
principal source of inspiration in the organization and advance-
ment of scientific research of every description in this country ’.

I feel that it would not be amiss if I were to express here the
deep debt of gratitude which this Association owes to the Royal
Asiatic Society of Bengal, which can I think appropriately be
flescribed as its foster-parent in its early days and a very benign
and helpful relative even to-day. Calcutta, too, is the city with
which the name of that distinguished educationist, Sir Ashutosh
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Mukherjee, himself the first Chairman of this Association, is

associated. I do not think I exaggerate when I say that the
beginnings and continued development of the Association are
very largely due to his energy and interest, and to the impetus
which he imparted to the activities of the Association in its

early days.

The visit of the distinguished representatives of the British

Association and of scientists from other countries make this

Jubilee Session outstanding in the history of the Association. To
all our distinguished visitors 1 extend a very cordial welcome.
We in India, if I may say so, consider your visit to this country
a very great compliment. Indeed it is more: it is a recognition,

as it were, of India’s scientific coming of age, and a happy augury
for closer co-operation in the domain of science between India
and the outside world.

I cannot allow this occasion to pass without expressing our
keen regret at the untimely death of Lord Kutherford. He
was to liave presided over the deliberations of this joint Session.

His death means not only the loss of a President w^ho would
have left the imprint of his great mind and personality on this

(bnfereiK'e, but the loss to the world of perhaps the greatest

experimental physicist of modern times. We are fortunate

indeed in having Sir James Jeans to take his i)lace. His con-

tributions to astrophysics are world-famous, and his name is

familiar to all ])ersons acquainted with the English language

through his brilliant exposition of our present knowledge regard-

ing the celestial world.

1 w ould fail in my duty if I did not also mention here the

keen regret which we all feel at the death of Sir Jagdish Bose,

one of India’s greatest scientists, and a man whose work had
achieved world-wide recognition. It is especially sad that he
did not live to take part in these celebrations to mark the growth
of scientific activity in India during the last 25 years—a growth
in which he played so important a part. To him belongs the

credit of being the first person to initiate scientific research

outside the sphere of the Scientific Departments of Government

;

and I do not think that I should go too far wore I to style him
the pioneer scientific worker in physics in India.

It is tempting on an occasion such as this to dwell on the

personalities and the events which colour and mark the period

the completion of which is being celebrated. The history of the

Indian Science Congress Association during the last 25 years is

rich in both ;
indeed if one considers the development of world

history over those 25 years it would be curious if the Association

did not reflect in some degree the movements of those eventful

years. But time compels me to refrain from any historical

retrospect.

I cannot however pass on without paying a tribute to the

success wdth which the Association has fulfilled the objects for
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which it was founded. Since the early seventies of the last

century young Indians began to interest themselves in science

and to proceed abroad ,
on what then constituted brave ventures

for many of them, to learn science. With the consequent increas-

ing scientific activities in India the want was felt of an institu-

tion which would organize meetings of workers in different

branches of science and enable them to exchange ideas, to

establish those personal contacts which are so helpful in furthering

scientific aiitivity, to formulate policies for the furtherance of

the cause of science and to bring its needs and services to the

noti(;e of those who are in a position to help in the attainment of

its objec^tivcs. The aims with which the Indian Science Congress

Association was founded wi^re three-fold—firstly, to encourage

research and to publish the results amongst scientific workers in

India; secondly, to give opportunities for personal intercourse

and scientific companionship: thirdly, to promote public interest

in scierui'. Thes(‘ aims have been magnificently fulfilled. Let
me give one example which will demonstrate the progress that

has been made. At the first meeting of the Association there

were five sections, namely. Chemistry, Physics, Geology, Botany
and hithnology; the membership was 109, and 31 papers were
notified for reading. At this year's Conference there are 13
sections, a membership of more than 1,600, and 800 papers have
been notified for reading. There are to be 22 discussions within
individual sections and 10 joint discussions on programmes which
concern more than one section. Y'^ou will agree, I am sure,

fhat this is a development the significance of which calls for no
emphasis.

No one will deny, I think, that the Association, with its

annual meetings at various centres throughout India, has done
work of the utmost value in the impetus which it has given to

scientific research throughout the country, and in the assistance

which it has lent, by stimulating close and constant collaboration

between scientific workers, in the rationalizing—if I may use a
convenient word—of scientific work in India and the elimination
of the risks of mutual ignorance and needless duplication of
(‘ffbrt

.

The Association too has rendered most useful service in

bringing Indian scientists before the world outside by creating

conditions for systematic presentation of their work. For this

India owes the Association no inconsiderable debt of gratitude.

India to-day can claim not a few scientists, the originality of
whose contributions in different branches of science have won
for them international recognition; and I feel myself that the
presen(‘e of so many eminent scientists from abroad at these
celebrations sets the seal of international recognition upon the
position to wdiich Science in India has now attained.

We are entitled, I think, to feel that the future of Science
in India is full of encouragement. India has demonstrated
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beyond question that she possesses men of capacity, with the will

to labour; and if in this country we have workers prepared and
equipped to take their place amongst those who to-day in every
continent are engaged, whether in pure or in applied science, in

advancing the frontiers of human knowledge, it is very evident
that India affords limitless opportunities for the harnessing of
that knowledge for the betterment of mankind. By universal
accord, the first and foremost object of our endeavour in the
material field must be to better the lot of the agricultural popula-
tion, to raise the standard of living of the cultivator. Success
in that endeavour is the criterion by which all our efforts must
ultimately be judged. Mr. President, 1 have scanned the
formidable roll of subjects falling within the severs 1 sections into

which your Conference has been divided. J find very few of those
subjects which by their nature we need regard as being incapable

of making a due contribution tow^ards the achievement of that

high purpose; and I can imagine no more fascinating challenge

to young scientists in this (loiintry than the employment of their

brains and the application of the latest scientific knowledge to

the attempt to solve the manifold problems of material advance-
ment that confront us on every side.

But, encouraging though the prospect may be in theory,

India is faced with the same practical difficulties that other

countries experience of making provision for research and
scientific activities. As regards the division oflabour on scientific

subjects between various authorities the position in India is,

broadly speaking, that the universities devote themselves—and
indeed it is fitting that this should be so—to pure science, while

research in applied science is carried out in institutions organized

for a specific purpose,—the Indian Forest Research Institute at

Dehra Dun, the Imperial Agricultural Research Institute at

Delhi, the Central Medical Research Institute at Kasauli, the

All-India Institute of Hygiene and Public Health at Calcutta,

—

to name only a few of the more prominent. But the financial

burden of this research falls either immediately or in the long

run on Government. Research institutions are almost exclusively

maintained either by the Central or Provincial Governments
;
the

work of the universities is substantially subsidized by the

Governments of the Provinces in which they are situated. It is

to my mind an unsatisfactory state of affairs that Government,

with the manifold calls on its financial resources, should have to

bear the main burden also in this respect. The scope for scientific

research, whether pure or applied is practically unlimited
;
and

no small obligation exists, in ray judgement, on private muni-

ficence to supplement what Governments are now doing in work
which Government has for so long so anxiously supported, and
to which it continues to-day, directly or indirectly, to contribute

on no mean scale. When I make that comment, you will not

for a moment think that I in any way underestimate the invalu-
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able assistance which has been given by past and present

benefactors to specific lines of research and, indeed, to the

Jubilee Session w^hich we are opening to-day. My appeal is a

wider one. The opportunities of science are great; the field

remaining to be explored, the work remaining to be done

immense. I am confident that in asking for a still further

development of the material and substantial assistance which

over so many years have been freely afforded by generous donors,

I can rely on a response comparable in some degree with the

needs to be met, and, I would say, with the opportunities which

offer.

Ladies and Gentlemen, the occasion of this Conference,

the presence here to-day of this distinguished gathering, arc not

merely a recognition of Indian science and scientists. They« are

more. They constitute, I am satisfied, a manifestation of the

interest taken by the intellectual world of the West in the trend

of developments in India. Interest from such a source is of

inestimable value to India at the present time; it will, I feel,

continue to be of value in the future. It is not for me to remind
you that India is in a transitional stage; that she is on the

threshold of a new era. Wc may anticipate that the recent

political reforms will inevitably find their reflection in an increased

determination among Indians that India should continue in

increasing degree to make her owm individual contribution to

world history and w^orld concepts. What will be the nature of

that contribution, and what its scale it is difficult to foresee

clearly at this period. The history of Indian civilization goes

further back than any history of Western countries. The great

name of India has throughout that long history at all times been
associated with religion, with mysticism, with philosophy and
with the arts. Throughout the centuries her economy has been,

as indeed it still is and as it is likely to continue to be, fundament-
ally agricultural, with the simple, patient, methodical and
thrifty life for the people which that implies. With the maich of

years there has come the inevitable impact of the West
; and

India to-day is engaged on the w’^elding on to her old structures of

tlie newer political and economic forms ofthe West
;
on the finding

in her intellectual life of a place for the discoveries of science with
all their challenge to accepted modes of thought and practice.

This is a time therefore when interest, understanding, and
sympathy are vital, from those especially who are leaders in

science and in those kindred activities which have been so

dominant a characteristic ofWestern development in recent years.

It may be argued that scientists, of all people, are those
w ho can help least in this respect, since scientists speak a universal
language, and science is science the world over. But—and I

speak with diffidence as a layman—^when talking of countries
and their civilizations, it is difficult to dissociate a scientist from
the background against which he works and from the effect of
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his work on the development of his times. The Scientist has

his place not only in the world of science but in society as a whole.

The backgrounds against which scientists in India and the West
pursue their activities are vastly different, and the possible

effects on society from the impact of their discoveries on every-

day life must inevitably vary. But that difference in no way
diminishes the value to us in India of the informed interest, of

the advice, and of the wide and varied experience, of those who
have seen the possibilities and the limitations of scientific activity

in other s})heres. Your knowledge, your experience, your very
aloofness from the Indian background will impart a special value

to any analysis of the problems which confront us here; and to

any sugg(‘stions which in the light of your deliberations you may
feel able to advance as to the directions in w^hich investigation

and examination can most fruitfully be pursued. Nor need I

emphasize how great a source of en(*ouragement it must be to

those who have so unsparingly devoted themselves in this country

to the j)roblems w-hich will come before you in your discussions,

and to those broad general issues which are, in the scientific field,

of such concern to all of us, to feel that in the West there is a
growing body of enlightened opinion acquainted with the Indian
scene, and understanding in some measure the efforts of India to

solve hei‘ own ])roblems in her own way.
But the value of the visit will not, I am confident, bo felt

on one side only. Even the most enthusiastic believer in Western
civilization must feel to-day a certain despondency at the apparent
failure of tlu^ West to dominate its scientific discoveries, and to

evolve a form of socic'ty in whicdi material progress and spiritual

freedom march comfortably together. Perhaps the West will

find in India’s more general emphasis on simplicity and the

ultimate spirituality of things, a more positive example of the
truths which the most advanced minds of the West are now^ dis-

covering. Is it too much to hope that you, Gentlemen, will be a
channel through w^hich India will make in increasing degree

that contribution to Western and to world thought which those

of us who know and love India are confident that she can make
in so full a degree.'’

At the end of His Excellency the Viceroy's speech, the

President Sir James Jeans delivered his address. ^ He then read

out portions of the address^ which the late Lord Rutherford had
prepared for the occasion. The President then announced
messages of congratulation from the following Learned Socie-

ties ;

—

The Royal Asiatic Society of Bengal.

The National Institute of Sciences of India.

The National Academy of Sciences, India.

1 Published in Part II of the Proceedings.
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The American Association for the Advancement of

Science.

The Smithsonian Institution, Washington.

The Prussian Academy of Sciences.

The Kaiser Wilhelm Society for the Advancement
of Science.

The Deutsche Akademie, Munich.

The U.S.S.R. Academy of Sciences.

Most of the Indian Scientific and Learned Societies not
mentioned above took an a(;tive interest in the Jubilee Celebra-

tions, while two special messages were received by cable just

before the opening meeting from Lord Rayleigh and Sir Thomas
Holland.

His Excellency the Viceroy then conferred the honour ol*

Honorary Silver Jubilee Membershij) of tluj Congress upon the

following persons :

—

Sir James H. Jeans.

Sir P. C. Ray.
Sir Arthur Eddington.

Sir M. Visvesvarya (in ahseniio).

Prof. C. G. Jung.
Sir C. V. Raman (in ahseniio).

J)r. F. W. Aston.

Prof. M. N. Saha.
Prof. L. F. de Beaufort.

Sir Frederick Hobday.
Prof. J. L. Simonsen.
Prof. A. H. R. Puller.

The meeting terTninated with votes of thanks to His
Ex(?ellency the Mceroy and to His Excellency the Governor of
Bengal proposed by Professor S. K. Mitra, D.Sc., F.N.J., Local
Secretary, and to the Local Reception Committee proposed by
W. I). West, Esq., M.A., F.N.I., General Secretary.



6. OFFICIAL

A. THE PARTICIPATION OF THE BRITISH ASSOCIATION FOR THE
ADVANCEMENT OF SCIENCE AND ARRANGEMENTS FOR IT.

Reference has been made in page 635 of the Proceedings of the
Twenty -third (Indore) Meeting to the invitation to the British Association
for the Advancement of Science to meet in joint session with the Indian
Science Congress Association to celebrate the Silver J iibilee of the Congress.
A report regarding the arrangements for the celebration of the Silver
Jubilee and for the joint session was submitted to the Genoral Coinmittee
at Hyderabad and printed in p2>. 604 608 of the Proceedings of the Twenty

-

fourth (Hyderabad) Meeting.
Further particulars regarding the particij^ation of the British

Association in the Silver Jubilee Session and of the arrangements in this

connection are given below.

The Peksonnel of the Deleoatton.

In aildition to the jiersons who were invited as a result of the recom-
mendations of the Sectional Committees invitations were also extended
through the British Association to the scientists whose names wore
suggested at Hyderabad by the Members of the Council and of the General
Committe<». The British Association has no Medical Section and on the
suggestion of tlu' British Association the British Medical Association was
approached with a view to ensure the inclusion of represeutativ’es of medical
men in the delegation. It was mutually agreed that the Indian Science
tVmgress Association would be relieved from the payment of a corre-

sponding quota to the British Association.

To tlu? greatest regn^t of the si ientific world and of the delegation and
of the Indian Science Congress As-sociation in particular Professor The
Kt. Hon. Lord Rutherford, O.M., F.H.S., the President Elect of the .loint

Session jiassed away on October lllth, 1937. His presence at the meeting
and his guidance of its deliberations were eagerly looked forward to in

India and his death a few months before the meeting was a great dis-

appointment to all. Sir James H. Jeans, D.Sc., Sc.D., LL.l)., F.I.C.,

F.K.S., Past President of the British Association, was invited through
the British Association to take Lord Rutherford’s place as President of
the Joint Session and fortunately in spite of the shortness of the notice

Sir James found it possible to accept the inv'itation.

A number of the delegates who had accepted the invitation to attend
the meeting could not do so. These included Sir Arthur Harden and
Sir Gilbert T. Morgan. Ultimately 91 delegates including ladies attended
the party.

At Bombay one of the delegates. Dr. A. B. Rendle, F.R.S., who was
keeping indifferent health, was advised to discontinue the journey and
had to bo taken to hospital. He later returned to England, but to the
deep regret of all died shortly afterw’^ards. On December 22nd while the
party was at Agra Dr. W. W. Vaughan while visiting the Taj Mahal met
with an accident which unfortunately later proved fatal. In the darkness
he fell from a terrace and broke one of his legs and after a protracted
illness died on February 4th, 1938 in the Thomson Hospital at Agra.

A list of the members who finally attended the meeting is given below

;

1. Mrs. J. H. Ashworth.
2. Dr. F. W. Aston, Sc.D., D.Sc., LL.D., F.R.S., Fellow of Trinity

College, Cambridge.

( 35 )
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3. Prof. F. G. Baily, Emeritus Professor of Electrical Engineering,

Heriot-VVatt College, Edinburgh.
4. Mrs. F. G. Baily.

5. Mr. Harold Baily, M.B.E.
6. Mrs. H. Baily.

7. Prof. E. C. C. Baly, C.B.E., F.R.S., Professor of Inorganic

Chemistry in the University of Liverpool.

S. Mrs. Baly.

y. Prof. Ernest Barker, Litt.D., D.Litt., LL.l)., Professor of Political

Science in the University of Cambridge.
10. Mrs. E. Bishop.

11. Prof. V. H. Blackman, So.D., F.R.S., Professor of Plaiit

J’hysiology and Director of the Biological Laboratories, Imperial fk)llege

of Science and 'rechnology, London.
12. M iss Bla(;kman.

13. Prof. P. G. H. Boswell, O.B.E., l).Sc., F.R.S., Professor of
Geology, Jmpi^rial College of Science and Technology.

14. Prof. P. A. liuxton. Professor of Mfulical Entomology, Univ*ersity

of London; Director of the Department of Entomology, London School of
Hygiene and Tropical Medicine.

IT). Mrs. Buxton.
16. Mr. J. M. Caie, B.Sc., Assistant Secretary in the Department

of Agriculture for Scotland.

17. I’rof. G. D. Hale Carpenter, M.B.E., D.M., M.R.C.S., L.R.C.P.,

Hope Professor of Zoology (Entomology) in the University of Oxford.

15. Mrs. Hale (,Wpentor.
19. Prof. N. M. Comber, D.Sc., Professor of Agricult ural ( ’hemistry in

the Univ(‘rsity of Leeds.
20. Miss Coxhead, Chemical Laboratories, Liverpof)!.

21. I’rof. F. A. E. Crew, M.D., D.Sc., Ph.D., Professor and Director
of the Institute of Animal Genetics in the University of Edinburgh,

22. Dr. E. M. Crowther, D.Sc., Hoad of the (Chemistry Department,
Rotharnsted Experimental Station.

23. Prc»f. Winifred (Jullis, C\B.E., D.Sc., LL.D., Sophia Jex-Blake
Professor of Physiology, University of London, London (Royal Free
Hospital) School of Medicine for Women.

24. Dr. C. D. Darlington, Ph.D., D.Sc., Cytologist in the John Innes
Horticultural Institution.

25. Prof. (\ G. Darwin, Sc.D., F.R.S., Master of Christ’s College,

Cambridge.
26. Mrs. Darwin.
27. Mr. T. S. Dyrnond.
28. Prof. Sir A. S. Eddington, D.Sc., LL.D., F.R.S., Pliimian

Professor of Astronomy and Experimental Philosophy in the University
of Cambriilgo.

29. Prof. C. B. Fawcett, D.Sc., Professor of Economic and Regional
Geography in the University of London.

30. Prof. W. G. Foamsidos, F.R.S., Sorby Professor of Geology in
the University of ShetBold.

31. Sir Lewis L. Fermor, O.B.E., D.Sc., F.R.S., formerly Director
of the Geological Survey of India.

32. Lady Fermor.
33. Prof. R. A. Fisher, Sc.D., D.Sc., F.R.S., Gallon Professor of

Eugenics in University College, Galton Laboratory, University College,
Gower Street, London.

34. Prof. H. J. Fleure, D.Sc., F.R.S., Professor of Geography in the
University of Manchester.

35. Prof. F. E. Fritsch, D.Sc., Ph.D., F.R.S., Professor of Botany in
the University of London.

36. Mrs. Fritsch.
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37. Prof. R. Rugglos Gates, Ph.D., D.Sn., LL.D., F.R.8.. Professor
of Botany in the University of London (King’s College).

38. Prof. W. T. Gordon, D.Sc., University Professor of Geology in

the University of Lf)ndon (King’s College).

39. Mr. H. M. Hallsworth, C.B.K., Member of the Unemployment
Assistance Board (formerly Professor of Economics, Armstrong College,

Newcastle-on-Tyne )

.

40. Prof. J. W. Heslop Harrison, Professor of Botany and Reader
in Genetics, King’s College, Newcastle-on-Tyne.

41. Sir James B. Henderson, LL.D., D.Sc., formerly Professor of
Applied Mechanics in the Royal Naval College.

42. Lady Henderson.
43. Prof. J. Hendrick, B.Sc., Strathcona-Fordycc Professor of

Agriculture in the University of Aberdeen.
44. Sir Arthur Hill, ‘K.C.M.G., Sc.D., D.Sc., F.R.S., the Royal

Botanic Gardens, Kew, Surrey.
45. Sir Frederick Hobday, C.M.G., formerly Principal and Dean

of the Royal Veterinary College. London.
46. Dr. A. Hopwood, Analytical Chemist.
47. Mrs. Hopwood.
48. Dr. O. J. R. Howarth, O.B.E., Ph.D., Secretary of the British

Association.

49. Mrs. Howarth.
50. Prof. G. W. O. Howe, D.Sc., James Watt Professor of Electrical

Engineering in the University of Glasgow.
51. Sir James H. Jeans, D.Sc., Sc.D., LL.D., F.T.C., F.R.S., Past

President, British Association.

52. Dr. Li. Wynn Jones, Ph.D., Lecturer in Experimental Education
in the University of Leeds.

53. Major J. Keith.
54. Mrs. Keith.
55. Miss E. E. Kelly, Chemical Laboratories, Liverpool.

' 56. Mr. R. H. Kinvig, Reader in Geography in the University of
Birmingham.

57. Prof. J. E. Leonard-Jones, Ph.D., D.Sc., F.R.S., Plummer
Professor of Theoretical (Chemistry in the University of Cambridge.

58. Dr. Edward Mapother, Medical Superintendent and Lecturer in

Psychological Medicine, Maudsley Hospital.
59. Mrs. Mapother.
60. Mr. J. McFarlane, Reader in Geography in the l^niversity of

Aberdeen, Marischal College, Aberdeen.
61. Dr. C. S. Myers, C.B.E., M.D., Sc.D., D.Sc., F.R.S., Principal of

the National Institute of Industrial Psychology, Aldwycli House.
62. Dr. W. G. Ogg, Ph.D., Lecturer in Soil Science in the University

of Aberdeen.
63. Prof. A. G. Ogilvio, O.B.E., Professor of Geography in the

University of Edinburgh.
64. Mr. E. J. E. Peako, F.S.A., Ex-President of the Royal

Anthropological Institute.

65. Dr. E. P. Poulton, M.D., F.R.C.P., Physician to Guy’s Hospital,

London.
66. Miss J. Poulton.
67. Prof. H. H. Road, D.Sc., George Hordman Professor of Geology

in the University of Liverpool.
68. Prof. H. R. Robinson, Ph.D., D.Sc., F.R.S., Professor of Physics

in the University of London (Queen Mary College).

69. Dr. R. N. Salaman, M.D., F.R.S., Director, Potato Virus Research
Station, School of Agriculture, Cambridge.

70. Mrs. Salaman.
71. The Rt. Hon. Viscount Samuel, P.C., G.C.B., President, British

Institute of Philosophy.
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72. Lady Saimioi.

7IL Lt.-Col. 11. JL Seymour Sewell, C.I.E., Sc.D., F.R.S., fonnerly

Director of the Zof)logical Survey of India.

74 Prof. L. SimonHcn,'^ iJ.Se., F.K.S., Professor of Chemistry,

rniversity College of North Wales.
7.*). Mrs. Sirnoiisen.

7f). Prof. H. V. Soutlmell, F.R.S., Professor of Engineering Science

in th(* I’niv'crsity of Oxford.
77. IVof. C. Spearman, Ph.D., LL.l)., F.R.S., Emeritus Professor of

}*sychology in the University of London.
7S. br. L. Dudley Stamp, D.Sc., Sir Ernest Cassel Reader in

Economic 0(*ography in tho University of London.
79. Mrs. Stamp.
HO. Dr. (L Arhoiir Stephens, M.D., (Consulting Cardiologist, King

Edward VI 1 Welsh National Memorial Association.

HI. Mrs. Arbour Stephens (Prof. Mary Williams, D.Litt., Professor

of French l^anguage and Literature in University College, Swansea).

82. Prof. F. J. M. Straton, D.S.O., O.B.E., Professor of Astrophysics

in the Uni\ (^rsity of Cambridge.
8;L Prof. VV\ M. Tattersall, Professor of Zoology in the ITniversity

(V)lloge of South Wall's.

84. Mrs. Tattersall.

Ho. T*rof. F. W. Thomas, Anthropology Section, University of

Oxford.
Hfi. Sir Henry Tizard, C.B., F.R.S., Rector of the Imperial (\>llege

of Science and 'reehnology.

87. Dr. A. E. H. 'Putton, D.Sc., F.R.S , formerly H.M Inspi'ctor of
Schools.

88. Mr. J. A. Venn, Litt.D., President of (Queen’s Colli'ge ami
Lecturer in llu* History and Economics of Agriculture in the University
of Cambridge.

89. Prof. R. (J. White, Professor of Agriculture m tlie University
College of North W'ales.

Tour of the Delegates.

[n addition to the delegates from the British Association, rpiite a
number of other delegates who were spc'cially invited from abroad to

attend the Session joinetl the tour which were arranged through different

(Mties of India on their way to Calcutta. These arrangements were made
by the CeiH'ral Si'cri'taries in consultation with and with tho fullest co-

operation of Prof. P. (t. H. Boswell, a former (lenoral Secretary of the
British Association, and Dr. O. J. R. Howartli, its Secretary.

The tour w^as arranged with a view to give the delegates a.n idea of
the historical and cultural backgromid of India, past and present, and
to bring scientists in India and those coming from outside m mutual
contact in as many centres of scientific activity as could be arranged for
within the available time. Almost all the delegates including the ladies

cheerfully bore th(* strain of the journey as also unavoidable inconveniences.
It was possible to secure special corridor stock for the railway journey
and this made it possible for thc> delegates to travel in relative comfort.
1’ho provision of a special tram avoided the inconvenienoes accompanying
frequent resort to hotels. The delegation attended numerous scientific

and social engagements arranged by the Local Reception Committees.
The delegates gave popular lectures as also addresses to various scientific
institutions and attended convocations of several Universities. They
also ga\'o broadcast speeches at several places on topics of popular interest
and consulted the various bodies on scientific matters of interest to them.
Their \dsit evoked groat intereist and enthusiasm both amongst scientific

men and the local public, at Calcutta in particular whore the meeting of
the Congress was held. One of the General Secretaries, Prof. J. N.
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Mukherjoe, who was responsible for the organization of the Local
Koceptioii Committees, accompanied the delegates in the tour preceding
the Congress and to assist him an experienced tour manager recom-
mended by Messrs. Thos. Cook & Son was appointed by the Indian
Science (^^ngress Association. A guide botjk giving general and historical
informations regarding the places vi.sited was specially prepared by one of
the General Secretaries, Mr. W. D. West.

A brief description of the tour anrl f>f the scientific and social
engagements arranged for the delegafes is giv'cn below:

The main body of the delegates consisting of ninety members reached
Hombay on December 1 7th, 1937. On landing, the jiarty was recoiv^cd

by Kao Bahadur T. S. Venkatraman, C.I.E., President of the Congi'oss,

Mr. N. Chandavarkar, Vice-Chancellor of the University and Chairman of
the Local Keceptioii Committee, Prof. J. N. Mukherjee, one of the General
Secretaries, and other rcpresinitativiis. At Bombay, apart from contacts
with scientific workers in the city, the party visiti'd Departments of the
University, the Koyul Institute <»f Science, the Haffkino Institute, the
Grant Medical College and other Institutions. Lectures or short addresses
wore given by Sir .James .loans and other members. The Local Keception
(Vjmmittoe gave a (linner and a luncheon party and made arrangements
for the transport of the delegates. They also clistnbuted to the clelegates

a guide book giving useful information. The Congress arranged for the
accommodation of the inajority of the delegates at the Taj Mahal Hotel.

The party left BomViay on December 18th, and reached Hyderabad
on Deeemlior 19th. Hen^, they visited the site of the Osmama Cmversity,
Golconda, a hill-fort and th(* tombs of tlu' Kuth ShaJii Kings of the 16th
and 17th centuries and oth(?r jilacos of interest. At Hyderabad, the
visitors were the guests of the State which conseijuently made all the
arrangements and met all exjienses for transport during tht'ir stay in the
State. The Kt. Hoii’hle Sir Akhar Hydari, P.(\, LL.D.. and the Hon’blo
Nawab M(‘hdi Yar .Jung Bahadur, Viee-Chanc(‘llor of the Osmania
Ihiiversity and Political Meunber of the State toiik personal interest in the
visit and the arrangements made in this connection. Theie was a reception

at the stat ion at which Sir Akber was present. Tea was arranged at

Golconda and dinner at the University.
The party Ic^ft Hyderabad for Aurangabad in a narrow gauge train.

They were aeeompanied by two senior officers of the State Railway one
of whom went up to .lalgaon and by Prof. M. Quereshi of the Osmania
University who arduously superviseil all the arrangements at Hyderabad
and all through the way up to .lalgaon. The jiarty spent a day and a
night at Aurangabad. Comfortable arrangements for breakfast, dinner
and tea were made by the State at the Railway siding. They visited the
roek-hown temples at Kllora, the hill-fortress of Daulat-abad and other

histone sites, Ajaiita was visitc'tl on Deeember 21st. From Aurangabad
tlio party firoeivdcd by road to Ajanta and thence to .lalgaon to rejoin

the special tram. Mr. Yazdani, the Curator of the State Museum, and
his stafT rendered all possible licdp at Ellora and Ajanta. Thc^ route from
Aurangabad to Jalgaori covered a dilficult tract of the country. The
transport arraiigonuuits, howev<*r, stood the strain remarkably well.

Lunclieon was served at the rest house near Ajanta and tea at the caves.

The Buddhist Stupas and other remains at Sanchi in Rhopal State

were visited on December 22nd. While visiting the Stupas they mot a

Jiarty of pilgrims who had come all the way from Japan doing homage to

the Stupas accompanied by a Buddhist priest in yellow robes. Leaving
Sanchi, Agra was reach(;d in the evening of December 22nd. Some of the

party visited the Taj Mahal the same night and it was hero that in the

darkness Dr. W. W. Vaughan mot with the regrettable accident referred

to above. The delegates were very keen on visiting the Taj by moon
light and as the moon would not rise before about 10 p.m. the General

Secretary suggested that ho would meet them at 10-30 p.m. and accompany
them to the Taj. But so great was their enthusiasm that most of them
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liad left before the arranged time. On Doeomber 23rd the members
visited the Fort and the Taj Mahal and some of them were able to see the
Fort of Fatehpur Sikri and also the Latitude Variation Observatory of the
Survey of India, and the Upper Air Observatory of the Meteorological
Department. Mr. Zafar Hussain of the An'lienological Surs^ey of India
and his staff explained to the party the historical interest of the sites

visited. Members of the University of Agra including Prof. K. C.
Mehta, Mr. Mathur of the Sur\’^ey of India, and Mr. G. C. Chatterjoe and
his colleagues of the Upper Air Observatory rendered great help to the
party. Sir James Joans addressed the students of the University and
several others met groujis of scientific workers at Agra.

The main party left Agra on Decembor 23rd and reached Delhi on
the following day. Some members diverged in order to visit Aligarh,
where at the Univ(u*sity short addresses wei'e given by »Sir Arthur
Eddington, Prof. Ernest Barker and other members. At Dcilhi the
party were received by Rao Bahadur T. S. Venkatraman, Sir Shah
Sulaiman, Chairman of the Local Reception Committee, and Mr. J. E.
Perkinson, Educational Commissioner to the Government of India and
others. The party visit(*d the Viceroy's house, tlie Imperial Secretariat
and the Count *il House, the ImjK'iial Institute of Agricultural Research as
well as many hist/orical monuments, such as, the Fort, the Palace, the
Juma Masjid, the Kutb Minar and the famous iron pillar. On Christmas
Eve the party were entertained to luncheon by the (jlovernmont of India
at which Sir Girja Sankar Bajpai, Secretary, Department of Education,
Health and Land, presidt'd. The Local Reception Committee arrangeci
for a number of dinner parties on (Christmas Eve given by prominent
residents of Delhi and the dolegalt's spent the evening with th(‘ir n*spective
hosts. Sir Shah Sulaiman gave an afternoon party and a jiarty was
given by Lala Sri Ram on the following day. Th(‘ Local Reception
Committee also distributed to the memlK'rs u guide book containing
information regarding plac('s v isibnl as a souvenir of their visit. A<l(*fjuat('

transport arrangements supervised by the staff of the' Educational
Coimnissioner were made by the Government of India for the party.

From Delhi the jiarty went to Delira Dun where th(‘y visited the Forest
Research Instituti* and the Geodetic Bramh of the Survey of India.
Mr. L. Mason, C.I.E., Inspector General of Forests, and Col. ('. M. Thomson.
Dii-ecior of the Ceodetic Branch of the Survey of India, ivceived the
party at the station. Mr. L. Mason made arrangements for the visit ot
the party to Mussoorie from wh(*re they had a view of the Himalayas.
They Mt Dehra Dun on December 26th and reaclic'd Benares on thi^ next
day. They were received at the station by Raja Jwala Prasad, Pro-
ViceJ'hancellor of the Benan's Hindu XTnivWsity and membt'rs of the
staff. Visits were paid to the famous Asoka Pillar, tlie Stujias and other
relics at Sariiath. the Hindu University ami other places of interest. A
boat trip along the (Janges was also arrangeil. Pandit- Madan Mohan
Malaviya, Vice-thancellor of the Benares Hindu Univ»‘rsity, took personal
interest m Hie arrangements which were supervised liy Ihof. S. S. Joshi
and other members of the Uni\ orsity. Membem of the dok^gation were
entertained to a luncheon in the University and attended its twentieth
convocation at which honorary degrees w ei-ircoriferred on Sir James Jeans,
Sir Arthur Eddington, Dr. F. W. Aston, Prof. E. C. C. Baly. Prof. V. H.
Blackman, Prof. C. G. Jung and Prof. F. A. E. Crew.

Benarc^s was loft, on December 28th and Calcutta reached on the day
following. On the way to (Calcutta the geologists in the party got down
at Kodarma for a ginilogical excursion arranged for thtan. Mr. W. D. West
General Secretary, Mr. B. M. Sen and Prof. S. K. Mitra, Local Secretaries!
met them at the station. The majority of the members loft Calcutta on
the same day for a visit to Darjeeling. The party returned to Calcutta
in the morning of January 2nd, and were received by Mr. S. P. Mookerjee,
Vice-Chancellor of the Calcutta University and Chaimian of the Reception
Committee, by the Members of the Executive Committee of the Indian
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Science Congress Association and the Local Secretaries, special officers

and members of the Local Reception Committee. The events during
the Meeting have been given in a previous section and it is not intended
to repeat them but a short supplementary account is given below:

The Delegates at Calcutta.

The housing arrangements including private hospitality for the
delegates were made by the Tiocal Secretaries, Prof. S. K. Mitra and
Mr. B. M. Son in consultation with the Local Reception Committee who
also made all other local arrangements for the Meeting.

At Calcutta, the delegation had to attend to a crowded scientific and
social programme. Their scientific activities were mainly concerned with
the reading of papers and taking part in the discussions on the various
topics arranged by the Congress. Public lectures were given by Sir

James Jeans as also by Dr, F. W. Aston, Professor Ernest Barker (two).

Prof. F. A. E. Crew, Dr. C. G. Darwin, Prof. Sir Arthur Eddington, ProL
H. J. Floure and Dr. J. A. Venn. Among other lectures given by the
members of the delegation to various scientific bodies in Calcutta were the
following: At the Indian Association for the Cultivation of Science
addresses were given by Sir James Jeans and Dr. F. W. Aston, both of
whom reeeiv^od the Joykisson Mookerjee Medal. The Association also

heard three lectures by IVof. J. E. Lennard-Jones and three by Sir Arthur
Hill. Sir Henry Tizanl and Prof. J. L. Simonsen addressed the Institute

of Chemists; Sir Arthur Eddington, the Indian Physical Society and the
Rotary Club; Prof. R. V. Southwell and Prof. G. W. O. Howe, the
Institution of Engineers and Prof. Howe, the Association of Engineers.
Dr. C. S. Myers gave four lectures in the University and Prof. C. O. Jung,
two m the University Collc'go of Science. Broadcasts were given by
Dr. W. G. Ogg, Sir Arthur Hiil, Prof. P. G. H. Boswell, Dr. C. S. Myers,
Sir Arthur Ikldingtoa and Prof. H. J. Fleure.

Following the gardini party on January 7th a special convocation of

the Univ<‘rsity of (-alcutta was held at Government House at which
honorary degrees were' conferred on Sir James Jeans, Dr. F. W. Aston,
Sir Arthur Eddington, Prof. Ernest Barker, Prof. A. H. R. Biiller, Prof.

R. A. Fisher, Prof. C. G, Jung, Dr. C. S. Myers and Prof. W. Straub. A
civic reception was given by the Corporation of Calcutta on January 4th;

a Science Congress dinner was held on January 8th; a farewell ])arty was
given by the University in the afternoon of January 9th, The hospitality

of other otlicial and non-official boilies and private residents was also

extended to individual members and groups of members of the jiarty.

At the time of leaving Calcutta Sir James Jeans issued the following

message to the press;

—

“At the moment of leaving Calcutta, the visiting scientific delegation

tender their most sincere thanks to all the kiiul hosts who have helped

to make their stay in Calcutta so enjoyable. The scientific Congress
which we have been privileged to atteml has impmssed us all with its

extraordinary vitality, wdth the wide-spread and generous attention

accorded to our own contributions, and with the keen public interest which
the transactions of the meeting liave aroused; the huge audiences at the

jiublic lectures have been specially gratifying. 1 must reiterate our
appreciation of the compliment paid by the Indian Science Congress

Association to the British Association for the Advancement, of Science in

inviting its co-oijoration in the arrangement of the delegation; that

invitation has forged a powerful new bond between Indian and British

science, to the great advantage of both, and wo all hojx) that the effects

of that bond may prove wdder even than the boimds of science. We
offer our thanks to the Indian Science Congress Association, to its kindred
scientific institutions, to the many organizations which have contributed
to the success of the Congress, to the city and University of Calcutta and
to the Province of Bengal.
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Th(' woiTW’Ti f)f the party owe special gratitude to the ladies, resident

in Calcutta, who have afforded them such ample opportunities for learning

of the mam foil I interests of the city.”

The PosT-CoNoiiKss Tour.

On the eonelusion of the Congress, quite a number of the delegates

proceeded to different places to fulfil personal engagements of scientific

interest and oth(‘rwise. A jiarly of about fifty, however, left Calcutta

for the Southern tour on January Oth. They reached Madras on January
11th, whtHC they visited the Museum, the aquarium and other places of

interest. They were entertained to a luncheon by the Vice-Chancellor,

Mr. 8. E. Uanganothan and Members of the University of Madras and
attended a garden jiarf.v arrang(‘d by th(‘ <*ity m honour of the Viceroy.

On their way fioin Madras to Bombay the party wimt to Bangalore
and Mysore City. At both tlie plaices tlie visitors wore the guests of the

State of Mysore. Sir Mirza Tsmail, the Dewan of Mysore and Dr. N. 8.

Subba Rao, the Vico-(hancellor took a personal mtoost in the arrange-

ments. Profs. A. Subba Ran and B. Venkatesachar were specially deputed
to Calcutta to discuss the arrangenients. Some members of the party at

first exyiresscil lui apprehension about the strain of continued long journeys

hut they were so impressed with the arrangements and the sights at

Mysore and Rangalore that lat<*r they expressed great satisfaction that

they had not allowed their apprehension to interfere with the visit. At
Mysore City, fh(i Maharaja's Palace, the Univ(H‘8ity, the Zoofogical Gardens
and various Institutions were visited. Th(‘ illuminated fountains at

the great Dam on the rivi'r C'auvery and the city, brilliantly lit up, pre-

senteil brilliant spectacles at night. After visiting the Fort at Soringapatam
and the tombs of ffyder Ah and ’’J'lppii Sultan the party proceeded to

Bangalore. Hero again a number of Institutions incJiiding the Indian
Institute of Scieru'c' and the (^>llege of Science were visited. The party
entrained at Bangalore on January JJth and proceeded direct to Bombay
wherc» on January 15th they embarked on the 8.8. Strathaird for the

return voyag«‘.

Before lca\ing Bombay, Sir James Jeans, on behalf of the Delegation
issued th(* following mi'ssagc' through the press* -

“ In taking leave of India, wo of the Sennit die Delegation desire again
to ('xpress our thanks for the overwhelming kindness wnth which we
have been recen'cd in all parts A month ago we landed here, eagerly

expectant of what w'c were to see and k'arn \Vt‘ are now returning home
aftc*r a journey of more than fi\e thoiisarid milt's through the country,
(luring w'hicli w’e hav'O been ahk* to visit many Monuments of ancient
civilizations, and have admired the care with' which the legacies of the
past are fireserved. But more of our time has Viecn mooted to t he present,

and w^e ha\e realized to the full the scaaitific and cultural developments
which are in progrc'ss both in the lhii\ (‘rsities and m the field of practical

applications througlujut the country.
Notlmig has more deeply imprssed us than the interest shown in

scK'ince by the country at large and the eagerness wnth which students are
following and practising the most recent ad\ances in research. India has
achieveil st'lf-sufrK’iency in many directions, but th(‘re is an acknowledged
need for influences wdiich shall further bind together her varied races.

Her achievements in the calms of thought and her progress in the develop-
ment of industr,v lead us to the hopt* that science which transcends all

national and racial frontiers, may proNide such a unifying influence.
Long may science c!ontinuo to helj) in maintaining and advancing the
position of India in the community of cmlized nations.”

After the return of the delegation to England, the Council of the
British Association adopted the following resolution:

—

‘The (V)uncil of the British Association ha\'e learned with gratification

of the complete success that attended the visit of the Scientific Delegation
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to India, tho members of which, through the invitation of the Indian
Science Congress Association, were enabled to co-operate in its Jubilee
Meeting in Calcutta, to visit many places of scientific and historical

interest in India, to become acquainted witli tho work of many universities

and other institutions, and to make or renew personal contacts with large
numbers of Indian scientific workers and leaders of thought. The Council
are glad to hear of the opinion, widely expressed in India, that much
good would result from the visit, and this belief the Council heartily
reciprocate. The Council desire to endorse tho oxjiressions of gratitude
which have already boon transmitted, on behalf of the delegation, to the
Government of India, to all other participant authoriti<»s and individuals,

and very specially to tlie executive of the Indian Science Congress
Association.’
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B. (1) DELEGATES FROM ABROAD OTHER THAN THOSE REPRESENTING
THE BRITISH ASSOCIATION.

Reforenre has been made in the report to the (Teneral Committee
{vide Proceedings of the Twenty-fourth (Hyderabad) Meeting, page 607]

to the proposal of inviting eminent scientists from abroad not connected
with the British Association. Invitations were issued to all persons
whose names had been suggested on various occasions. Most of them
could not find it i:)ossible to accept the invitation to attend the meeting
for diverse reasons. Prof. N. Bohr, Prof. L. Diels, Prof. N. I. Vavilov,

Prof. L. Aschoff and others could not find it possible to attend even after

they had accepted the invitation. The following delegates however found
it possible to attend the meeting

:

(1) Prof. L. h\ de Beaufort, Director, Zoological Institute,

Amsterdam.
(2) Mine, de Beaufort.

(3) Prof. W. Bothe. Director, Institute for Physicss, Kaiser Wilhelm
Institute for Moilical Research, Heidelberg.

(4) Prof. A. H. K. Buller, Lately Professor of Botany in the
University of Manitoba.

(5) Dr. A. L. du Toit, Consulting Geologist, Johannesburg, S.

Africa.

(6) Mrs. du Toit.

(7) Prof. E. von Eicksted, Director of the Anthropological Institute,

Breslau.

(8) Prof. G. Jung, Professor of Psychology in the University of
Zurich.

(9) Mr. Fowler McCormick, International Harvester Trust Co.,

Chicago.

(10) Prof. F. K. Morris, Ph.D., Professor of Structural Geology,
Massachusetts Institute of Technology, Cambridge Mass.,
U.S.A.

(11) Mrs. Morris.

(12) Prof. W. Straub, Professor of Physiology in the University of
Munich.

(13) Baron von Veltheim, Psychologist, Castle Ostean, near Hallo
8aale, Germany.
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B. (2) DELEGATES PROM UNIVERSITIES AND LEARNED SOCIETIES IN
INDIA.

Agra Undveraiti/.

1. Rai Bahadur Dr. K. C.
Mehta.

2. Mr. P. P. Shahaiii.

Un iverslt g of A 11ahabad .

1. Ur. J. H. Mitt or.

2. Prof. A. C, Banerji.

Andhra University.

1. Mr. S. Bhagavantham.
2. Dr. T. R. Soshadn.

A nnamalai (Inivcrsity.

1, Prof. A. Narasinga Rao.
2. Dr. S. Rainaohaudra Rao.

Benares Hindu University,

1. Dr. 8. 8. Joshi.

2. Prof. B. C. Chaftorji.

University of Bombay.

1. Principal N. M. Shah.
2. Lt.-Ool. S. L. lihaiia.

3. Tlie Rev. G. Palacios.

4. Prof. R. B. Forster.

5. Dr. D. D. Karve.
6. Dr. K. Venkatarainan.

University of Dacca,

1. Prof. J. V. Ghosh.
2. Prof. 8. N. Bose.
3. Prof. N. M. Basu.
4. Mr H. D. Bhattacharyj’^a.

University of Delhi.

1. Dr. B. D. Laroia.
2. Dr. D. 8. Kothari.

University of Lucknow,

1. Dr. K. N. Bahl.
2. Prof. P. S. MacMahon.

University of Madras.

1. M.R.Ry. R. Gopala Ayyar
Avl.

2. Dr. M. O. Parthasarathi
Ayyangar.

3. Dr. M. Damodaran.
4. M.R.Hy. George Kuriyan

Avl.

Muslim University.

1. Dr. R. K. Asundi.
2. Dr. M. Ishaq.
3. Dr. R. D. Desai.

University of Mysore.

1. Dr, A. Subba Rau.
2. Dr. B. Sanjiva Rao.

Nagpur V niversity.

1. Mr. M. L. Do.
2. Rao Saheb 8. N. Godbole.

Osmania University.

1. Dr. IT. Hydor Ali Khan.
2. Dr. M. Qureshi.

Patna niversity,

1. Dr. B. K. Singh.
2. Mr. P. K. Parija.

University of the Punjab,

1. Dr. 8. 8. Bhatnagar.
2. Dr. G. Matthai.

University of Rangoon,

Prof. F. Webster.

Society of Biological Chemists, India,

1. Dr. Gilbert J. Fowler.
2. Dr. V. Subrahmanyan.
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The Association of Engineers,

1. Dr. Birendra Nath Doy.
2. Mr. Shachin Bandopadhyaya.

The Institution of Engineers {India).

1 . Kai Bahadur V. P. Variua.
i?. Mr. F. C. Grifiin.

iiurvey of India.

Brigadier Lewis.

Indian Medical Service.

Major-General E. W. C. Bradfield.

Hoyal Institute of Science.

1. Dr. T. S. Wheeler.
Prof. G. R. Paranjpo.

Associated Cement.

1. Dr. Anitas and Mrs. Anitas.
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C. HONORARY SILVER JUBILEE SESSION MEMBERSHIP.

Proposals to confer some suitable form of reeognit loii to eminent
scientists attending the Silver Juliilee Session were received by the
Executive Committee and with the approx al of the CVjuncil they ultiiiiately

decided to create a special cjlass ofHonorary Silver Jubilee Session Members.
Their privileges were defined as follows:

‘The Honorary Silver Jubilee MemViers should be entitled to receive
the Proceedings of th(‘ Indian Science Congress Association for life, even
though they an^ not Ordinary Members.' (Executive Committee Meeting
dated 10-12-:n).

The names of the recipients of the Membershij) are given below, as
well as in the Section on the Opening Procf'edmgs. The Executive
Committee in their original list naturally included the name of Sir J. C.
Fiose. His death on the 2:ird November, 19J7 w^as deeply mourned by
the members of this Association who were eagiTly looking forw’^ard to his

participation m the Meeting. Thi' token of the aw^ard was worded as
given on the lU'xt page*.

Sir James H. Jeans.
Sir P. C. Hay.
Sir Arthur Eddington.
Sir M. Visvesvarya (m n/>.sc/d?o).

Prof. (\ O. Jung.
Sir C. V. Raman {tn ahseniio).

Dr. E. W. Aston.
Prof. M. N. Saha.
Prof. L. E. de Rt'aufort

.

Sir P^rcdern*k Hobday.
Prof. J. J... Sunonsen.
Prof. A. H. R. Bullei.
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TWENTY-EIITH SESSION

IN TOKEN OF

THE FELLOWSHIP OF HUMAN LEARNING

APPOINTS

AN HONORARY SILVER JUBILEE MEMBER

IN APPRECIATION

OF HIS SCHOLARLY EMINENCE

(Sd.) W, r>. West (Sd.) T. S. Venkatraraan (Sd.) J. N. Mukherjee

General Secretary President General Secretary

CALCUTTA, THE 2nD JANUARY, 1938.
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D. SPECIAL PUBLICATIONS.

Of the special publications intended to be issued in connection with
the Silver Jubilee Session the book entitled “An Outline of the Field
Sciences of India’* edited by Dr. S. L. Hora was published in time for the
meeting. It contains the following contributions

:

The Weather of India. By C. W. B. Normand, M.A., D.Sc., F.N.I.
The Oceans round India. By R. B. Seymour Sewell, C.I.E., Sc.D.,

F.N.I., F.R.S., Lieut.-Col., I.M.S. (retired).

An Outline of the Geological l^story of India. By D. N. Wadia,
M.A., B.Sc., F.G.S., F.R.G.S., F.R.A.S.B., F.N.I.

An Outline of the Vegetation of India. By C. C. Calder, B.Se.,
B.Sc. (Agri.), F.L.S., F.R.H.S., F.N.I.

An Outline of the Fauna of India. By H. Srinivasa Rao, M.A.,
D.Sc., F.A.Sc.

An Outline of the Racial Ethnology of India. By B. S. Guha, M.A.,
Ph.D., F.N.I.

Agriculture and Animal Husbandry in India. By Bryce C. Burt,
Kt., C.I.E., M.B.E., I.A.S., F.N.I.

An Outline of Archseology in India. By K. N. Dikshit, Rao
Bahadur, M.A., F.R.A.S.B.

The publication of the volume on “ The Progress of Science in India
durmg the past Twenty-five Years ” edited by Dr. B. Prashad was unavoid-
ably delayed but has been published since the meeting. It contains tho
following articles

:

Introduction. By B. Prashad, D.Sc., F.R.S.E., F.L.S., F.Z.S.,

F.N.I., F.R.A.S.B.
Progress of Scientific Education in India during the past twenty-five

years. Hy W. A. Jenkins, D.Sc., I.E.S.

Progress of Mathematical Research in India during the past twenty

-

five years. By B. M. Sen, M.A., M.Sc., F.N.I., I.E.S.

Progress of Chemical Research in India during the past twenty-
five years. By J. C. Ghosh, D.Sc., F.N.I.

Progress of Geology and Geograjihy in India during the past twenty-
five vears. Bv D. N. Wadia, M.A., B.Sc., F.G.S., F.R.G.S.,
F.R.A.S.B., F.N.I.

Progress of Agricultural Science in India during the past twenty

-

five years. By W. Burns, D.Sc.. l.A.S.

Progress of Veterinary Researcli in India during tho past twenty -five

years. By F. Ware, C.I.E., F.R.C.V.S., I.V.S., F.N.I.

Progress of Dairy Husbandry in India during the past twenty -five

years. By Zal R. Kothavalla, B.Ag., Ani. Hus., B.Sc. (Agri.),

N.D.D.
Progress of Archa3ology in India during the past twenty -five years.

By K. N. Dikshit, Rao Bahadur, M.A., F.R.A.S.B.
Progress of Anthropology in India during the past twenty-th e

years. By B. S. Guha, M.A., Ph.D., F.N.I.

Progress of Psychology in India during the past twenty-five years.

By G. Bose, D.Sc., M.B., F.N.I.

Progress of Zoology in India during the past twenty-five years.

By H. Srinivasa Rao, M.A., D.Sc., F.A.S., F.N.I.

Progress of Forestry in India during the past twenty-five years.

By H. G. Champion, M.A., I.F.S., F.N.I.

Progress of Engineering in India during the past twenty-five
years. By W. C. Ash, B.Sc., M.I.C.E., A.M.I.Mech.E., F.N.I.
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Progress of Physiology in India during the past twenty -five years.

By S. L. Bhatia, M.C., M.A., M.D., F.R.C.P., F.R.S.E.,
Lt.-Col., I.M.S.

Progress ofMedical Research Work in India during the i^ast twenty

-

five years. By XT. N. Brahmachari, Kt., M.A., M.D., Ph.D.,
F.S.M.F., F.N.I.,F.R.A.S.B.

Progress of Physics in India during the past twenty -five years.

By M. N. Saha, D.Sc., F.R.S., F.R.A.S.B., F.N.L
Progress of Botany in India during the past twenty-five years.

By S. P. Agharkar, M.A., Ph.D., F.L.S., F.N.I.

Of the other two volumes the Executive Committee had decided after

the meeting only to proceed with the publication of the History of the
Indian Science Congress Association” of which Prof. S. P. Agharkar is the
editor. The honorary services rendered by the contributors to those
volumes and the editors are gratefully appreciated by the Indian Science
Congress Association.
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E. FINANCIAL ARRANGEMENTS FOR THE SILVER JUBILEE SESSION.

The following contributions were receix ed towards the expenses of
the Silver Jubilee Session page 608, Proceedings of the Twenty-fourth
(Hyderabad) Meeting.

Govern tnent.

Government of India
Go\'ernment of Peiigal
Government of Travaneoro
The Diwan Sahib of Junagadh State

Unh'entUies.

Calcutta University 1

Bombay University
Gsinania University^
Mysore Univei'sity .

Andhra University
Nagpur Univwsity .

Annamalai University

Local Keceptiou Committee, Indore, through Prof.

K. A. Patwardhan

Learned Societies,

Mining & Geological Institution of India
Royal Asiatic Society of Bengal
National Institute of Sciences of India
Indian Association for the Cultivation of Science . .

Bose Institute

Jiistitution of Engineers, India
Calcutta Mathematical Society

Indian Physical Society
National Academy of Science, Allahabad
Indian Chemical Society

Indian Botanical Society
Association of Engineers, Calcutta
Members of the Society of Biological Chemists, India

Business Firms.

Burma Oil Co., Ltd.
Delhi Cloth and General Mills Co., Ltd.

Associated Cement Co., Ltd., Bombay .

.

Buckingham and Carnatic Co., Ltd.

Binny & Co. (Madras) Ltd.

liaugalore W. Cotton & Silk Mills Ltd.

V. V. Perumall Ohetty & Sons, Madras
Parry & Co., Ltd., Madras . .

M. L. Dahanuka & Co., Ltd.

Rs. A. p.

20,000 0 0
10,000 0 0

1,000 0 0
500 0 0

12,500 0 0
2,000 0 0
2,000 0 0
500 0 0
500 0 0
250 0 0
100 0 0

095 0 9

1,000 0 0
500 0 0
250 0 0
250 0 0
125 0 0

100 0 0

100 0 0

100 0 0

100 0
100 0 0
100 0 0

100 0 0

60 0 0

1,500 0 0
500 0 0

600 0 0
250 0 0

250 0 0

100 0 0

100 0 0
50 0 0
26 0 0

1 In addition to a sum of Rs.2,600 contributed to the Local Reception

Committee.
2 In addition a sum of Rs.5,000 has been donated towards the Reserve

Fund.
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Individual Donors, Rs. A. p.

Kirpal Singh, Esq. .

.

200 0 0

Dr. Chr. H. Nielson 100 0 0

Sir H. C. Dinshaw .

.

100 0 0

Sir M. B. Dadabhoy, Delhi 50 0 0

H. J. Taylor, Esq., Bombay 25 0 0

S. C. Sen, Esq., Bihar 25 0 0

C’ol. D(mham White, Esq., Calcutta 25 0 0

V. B. Divatia, Esq., Ahmedabad 15 0 0

Swami Jnanananda, Esq., Tehri-Garhwal 12 0 0

K. K. Dutta, Esq. .

.

10 0 0

P. C. Siiiha, Esq., Calcutta 10 0 0

H. K. Rishworth, Esq., Bombay 10 0 0

S. Harbans Singh, Esq., Lyallpur 10 0 0

K. Rajgopaloswamy, Esq., Bombay 10 0 0

N. K. B. Kurup, Esq., Travancore 10 0 0

C. Rarnamurti, Esq., Vizagapatam 10 0 0

Miss H. Patel, Agra 10 0 0

C. K. Kausalya, Esq., Madras 10 0 0

K. R. Chaudhuri, Esq., Calcutta 10 0 0

S. Sinha, Esq., Calcutta 10 0 0

W. E. J. Beecliing, Esq. 5 0 0

S. M. Mudbidri, Esq., Calcutta 5 0 0

K. C. Chaudhuri, Esq., Calcutta 5 0 0

H. M. Lahiri, Esq., Calcutta 5 0 0

M. irmanath Kao, Esq., Rajputana 5 0 0

T. Varabalu, Esq., Coimbatore 5 0 0

E. W. E. Macfarlane, Esq.. Calcutta 5 0 0

P. N. Mukherjoe, Esq., Calcutta 5 0 0
S. C. Dutt, Esq., Calcutta .

.

5 0 0

P. K. Savaiiur, Esq., Kaichur 5 0 0

R. Ram Lai, Esq. 4 0 0

Members of the Indian Science Congress Association.

W. D. AVest, Esq., Calcutta 500 0 0

Dr. E. Spencer, Calcutta 500 0 0

Percy Evans, Esq., Digboi .

.

250 0 0

Sir U. N. Brahmachari, Calcutta 250 0 0

Rao Bahadur T. S. Venkatraman, Coimbatore 200 0 0
Sir Lewis Fermor, London .

.

100 0 0
Sir Bryce Burt, Simla 100 10 0

D. N. Wadia, Esq,, Calcutta 100 0 0
Dr. C. W. B. Nonnand, Poona 100 0 0
Dr. J. N. Mukherjee, Calcutta 100 0 0
R. N. Parker, Esq., Lahore 100 0 0
K. G. Gharpuroy, Esq., Poona 51 0 0
Prof. B. Sahni, Lucknow 50 0 0
Dr. A. M. Heron, Calcutta .

.

50 0 0
F. G. Percival, Esq., Jamshedpur 50 0 0
Nazir Ahmad, Esq., Bombay 50 0 0
W. C. Ash, Esq., Calcutta .

.

50 0 0
P. K. Ghosh, Esq., Calcutta 50 0 0
Dr. Megh Nad Saha, Allahabad 50 0 0
Dr. S. P. Agharkar, Calcutta 50 0 0
C. S. Fox, Esq., Calcutta .

.

30 0 0
H. G. Champion, Esq., Naini Tal 25 0 0
W. B. Metre, Esq., Digboi .

.

25 0 0
F. Ware, Esq., Kasauli 25 0 0
Dr. B. S. Guha, Calcutta 25 0 0
Prof. S. S. Bhatnagar, Lahore 25 0 0
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Prof. B. Vonkatesachar, Bangalore
Dr. Sudhangsu Kmnar Banerji, Poona
J. B. Auden, Bsq., Calcutta
Dr. H. B. Dunnicliff, Lahore
T. S. Wheeler, Esq., Bombay
C. G. Lewis, Esq., Simla
H. F. Mooney, Esq., Sambalpur
S. N. Chakravarti, Esq., Agra
M. R. Siddiqi, Esq., Hyderabad
A. Livingstone, Esq., Simla
M. G. Bhagat, Esq., and B. G. Das, Esq., Lahore
Prof. J. C. Ghosh, Dacca
M. Afzal Husain, Esq., Lyallpur
Sir M. O. Forster, Bangalore
E. K. Janaki Ammal, Esq., Coimbatore
Dr. F. H. Gravely, Madras . .

F. A. Marr, Esq., Digboi
P. C. Guha, Esq., Bangalore
G. D. Chitre, Esq., Bombay
W. Rahman, Esq., Hyderabad
Y. Ramachandra Rao, Esq., Karachi . .

B. B. Dey, Esq., Madras
N. K. Bose, Esq., Lahore . .

W. Burridge, Esq., Agra
K. C. Ray, Esq., l^atna
J. M. Sen, Esq., Krishnagar
S. Rama Iyer, Esq., Burma
M. Rahimullah, Esq., Hyderabad
K. Ve'iikata Rao, Esq.
Dr. 1'. V. Gharpure, Bombay
Dr. V. Subrahmanyam, Bangalore
Y. D. Wad, Esq., Indore
M . O. Parthasarathy Iyengar, Esq., Madras
N. L. Dutt, Esq., Coimbatore
Mrs. Sarojini Datta, Calcutta
N. N. Chatterjee, Esq., Calcutta
Dr. A. K. De, Calcutta
H. Crookshank, Esq., Calcutta
Dr. S. L. Hora, Calcutta
V. P. Sondhi, Esq., Calcutta
Kamprasad Mitra, Esq,, Calcutta
Subodh G. Chaudhury, Esq., Calcutta .

Chandra Sekhar Ghosh, Esq., Calcutta
Dr. S. P. Raychaudhuri, Dacca
Dr. N. K. Sur, Poona
J. M. Sil, Esq., Poona
Dr, vS. R. Savur, Poona
A. K. Roy, Esq., Poona
V. Doraiswamy Iyer, Esq., Poona
Dr. L. A. Ramdas, Poona . .

A. K. Sen, Esq., Calcutta
S. Higginbottom, Esq., Allahabad
S. K. Mahalanobis, Esq., Calcutta
Dr. T. N, Seth, Patna
K. T. Banduwala, Esq., Bombay
M. Anant Narayan Rao, Esq., Madras .

.

S. N, Chakravarti, Esq., Agra
P. A, Dalai, Esq., Bombay . .

G. J, Fowler, Esq., Madras
C. B. Rama Rao, Esq., Bangalore

Rs. A. P.

2r> 0 0
25 4 0
25 0 0
25 4 0
25 4 0
25 0 0
25 0 0
25 0 0
25 0 0
25 0 0
25 0 0
25 0 0
25 0 0
25 0 0
25 0 0
20 0 0
20 0 0
20 0 0
20 0 0
20 0 0
20 4 0
20 0 O
20 0 0
20 0 0
15 0 0
12 0 0
12 0 0
11 0 0
10 4 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 4 0
10 0 0
10 0 0
10 0 0
10 0 0
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B. llama Kao, Esq., Bangalore
K. C. ("hakko. Esq., Madras
K. SuAvhnoy, Escf., Parbhani
A. Das, Es((., }!3hillong

T. S. Tinimurti, Esq., Madras
K. B. Madhava, Esq., Mysore
C. Srikantia, Esq., Mysore . .

J. K. Basil, Esq., Bombay .

.

V. V. Kariade, Esq., Poona
A. (-. Saha, Esq., Kajshahi .

.

M. Sa.vood-inl-Din, Esq., Hyderabad . .

S. N. (lodbole. Esq., Jubbulpore
Nizamnddin Hydor, Esq., Hyderabad .

.

J. B. Seth, Esq., Lahore
il. Chandhuri, Esq., Lahore
K. L. MoiidgiJI, Esq., Trivandrum
S. S. Guha-Sircar, Esq., Calcutta
B. M. Das, Esq., Calcutta . .

B. N. Banerji, Rsq., Calcutta
Miss M. M. Mehta, Madras . .

8. W. Hardikar, Esq., Hyderabad
T. G. Yeolekar, Esq., Poona
P. B. (^anguli. Esq., Calcutta
K. K. Kamanathan, Esq., Bombay
Prof. L. Rama Kao, Bangalore
Prof. B. K. Das, Hyderabad
Col. O. Berkeloy-Hill, Calcutta
J. F. Bulsara, Es(|., Bombay
L. Narayan Kao, Esq., Bangalore
D. D. Kanga, Esq., Adyar, Madras
K. S. Misra, Ksq., Calcutta
Sudhainoy Mukhcrjee, Esq., Calcutta . .

B. N. Sreoni\ asiah. Esq., Poona
Prof. S. Ajipaswami Ayyar . .

Dr. C. S. Thakar, Bombay . .

B. K. Roy, Esq., Calcutta . .

P. A[)paji Kao, Esq., Calcutta
8. K. Basil, Esq., Calcutta . .

M. N. Banerjee, Esq., (Calcutta

C. C. Ghosh, Esq., Borhampur
K. K. Nair, Esip, Calcutta .

Satyananda Roy, Esi]., Calcutta
H. P. Maiti, Esq., Calcutta
David Roy, Escp, Shillong . .

N. K. Tiwary, Esq., Benares
P. K. Chatterjco, Esq., Calcutta
M. H. Krishna, Esq., Hyderabad
Dr. A. C. Mukherjco, Calcutta
P. C. Das-Hazra, Esip, Calcutta
Miss 8. Moyer, Calcutta

Miscellaneous.
*

Madras Science Club
Staff, Agricultural College, Sakrand
President, Jubilee Dramatic Club, Muktesar
Staff, Locust Research Laboratory

Rs. A. P.

10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 . 0
10 0 0
10 0 0
10 0 0
10 4 0
10 4 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0
10 0 0

7 0 0
6 0 0
5 0 0
.) 0 0
,“) 0 0

0 0
0 0

T) 0 0
T) 0 0
5 0 0
.) 0 0
T) 0 0
5 0 0
r> 0 0
5 0 0
5 0 0
5 0 0
5 0 0
5 0 0
o 0 0
4 0 0
4 0 0
3 0 0

56 0 0
26 0 0
24 12 0
7 0 0

The British Association collected a sum of £1,356-11-0 and made in
addition a contribution from its own funds towards the cost of the travelling
expenses of its delegation.
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A sura of Hs.43,490>10-0 equivalent to £3,275 was paid to the British

Association to cover the expenses of the President and the Delegates of
the British Association. Inclusive of this amount the British Association
paid a total sum of £4,590 as grants in aid for the purpose. Other
incidental expenses which have boon met by tho Indian Science Congress
Association in connection with the supervision of the tour, in addition
to the Railway fares 2 and catering charges, etc. which were paid for by
the delegates, amount to Rs.5,393-10-6. A sum of Rs.l 1,043-12-3 was paid
to tho delegates other than those included in the British Association
Delegation.

Tni: Local Reception Committee.

The Local Reception Committee made all local arrangements necessary
for tho transaction of tho scientific work of the meeting and all local

arrangements regarding social functions and accommodation of the
members of the Congress and the delegates.

In addition to the usual arrangements, e.g. supplying informations
regarding accommodation, arrival and departure of trains, registration of
accommodation in hotels, etc., tho Local Reception Committee specially

arranged for the accommodation of about 150 members in the Hardinge
Hostel of tho Law College and in tho Ashutosh Buildings. About 50
“delegates from abroad were accommodated as guests of members of the
Local Reception Committee and their friends, and the rest of the delegations

were put up at the Grand Hotel.
The total sum raised by tho Local Reception Committee amounted to

Rs.25,714-3-9 (v/r/e a statement of account published on page 79). Of this

Rs.20,086 were received as donation. The total expenditure amounted to

Rs.25,376-2-9. Tho Local Recejition Committee has contributed from its

surplus a sum of Rs.338-1-0 to the Indian Science Congress Association to

moot the expenses of the Silver Jubilee Sossion.

Donations Received by the Local Reception Committee.

H. E. the Governor of Bengal
University of Calcutta .

.

Mr. A. R. Dalai (Tata Iron & Steel Co., Ltd.) .

.

Mr. K. P. Choksoy (Calcutta Electric Supply Corporation
Ltd.)

Mr. S. A. Roberts (Bird & Co., and E. W. Heilgers & Co.) .

.

Mr. J. N. Lahiri (Bengal Chemical & Pharmaceutical Works
Ltd.)

Capt. N. N. Dutta (Bengal Immunity Co., Ltd.)
Mr. D. Hendry (Imperial ('homical Industries (India) Ltd.) .

.

Sir Hari Banker Paul (B. K. Paul & Co., Ltd.)
Mr. B. M. Birla
Mr. P. N. Banerjeo (Indian Iron & Steel Co., Ltd.)

Dr. S. C. Law
Mr. G. Bhattacharya (Adair Dutt & Co., Ltd.)
Mr. W. T. Grange (The English Electric Co., Ltd.)

Mr. H. N. Ghose (Macmillan & Co., Ltd.)

Mr. H. C. W. Bishop (Balmor Lawrie & Co., Ltd.)

Mr. T. Lamb (Begg Dunlop & Co., Ltd.)
Mr. J. H. S. Richardson (Andrew Yule & Co., Ltd.)

Rs. A. p.

500 0 0
2,500 0 0
1,000 0 0

760 0 0
750 0 0

500 0 0
500 0 0
500 0 0
500 0 0
500 0 0
500 0 0

300 0 0
300 0 0
250 0 0
250 0 0
250 0 0
250 0 0
250 0 0

1 Including the President’s expenses.
2 The E.I. and the G.I.P. Railways very kindly agreed to charge a

concession rate of three-fourths of a first class fare for the journey over
their Railways.
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Mr. A. C. T. Blease (Calcutta Tramways Co., Ltd.)

Mr. R. G. Baker (Imperial Tobacco Co., India, Ltd.)

Carreras (India) Ltd.
Jessop & Co., Ltd.
Gladstone, Wyllie & Co.

Mr. R. Golsso (Siemens (India) Ltd.)

Lipton Ltd. .

.

Sir U. N. Brahmachari .

.

Mr. B. N. Maitra (The Calcutta Chemical Co,, Ltd.)

Mr. E. S. Olpadvala
IMr. John Bartos (Bata Shoe Co., Ltd.)

Mr. S. M. Bose (Bengal Waterproof Co., Ltd.) .

.

Mr. B. K. Sen (Slialimar Paint, Colour & Varnish Co., Ltd.)

The Most Rev. Bishop Foss Westcott
Basanti Cotton Mills

Prof. J. C. Ghosh
Mr. A. C. Son
Dr. D. R. Dhar (Lister Antiseptic and Dressings Co. (1928)

Ltd.)
Mr. D. H. Remfry
Hon’ble Mr. J. Reid Kay (James Finlay & Co., Ltd.)
Mr. Edwin Reinhold (Schering (India) Ltd.)
Mr. W. Coppen Bartley (The Aluminium Manufacturing Co.,

Ltd.)
Mr. E. V. Small (Associated Electrical Industries (India) Ltd.)
Mr. J. P. Ghose (Radio Supply Stores Ltd.)
Mr. B. N. Banorjee (A. C. Baiierjeo & Co.)

Mr. N. F. Tisell (Western India Match Co., Ltd.)
Lt..Col. A. C, Chatterjee, I.M.S. .

.

Lt.-Col. N. Harwell
Dr. U. P. Basu
Dr. S. N. Rav
Mr. M. L. Shah
Mr. D. C. Driver
Dr. A. N. Ghosh
Mr. S. P. Sen
Dr. A. K. Sen
Mr. S. K. Chakravarty . ,

Capt. N. N. Dutta
Dr. B. Shaha
Dr. R. B. Lai
Mr. S.C. Ghose
Mr. J . N. Basu
Dr. M. N. Bose
Mr. F. W. Robertson
Mr. J. D. A. Vincent
Prof. N. N. Son
Mr. S. M. Bose (Public Service Commission)
Mr. T. J. Hornblower (Saxby & Farmer (Ind.) Ltd.)
Mr. B. K. Kashj^ap
Stewarts & Lloyds of India Ltd. & Indian Tube Co., Ltd.
Dr. B. P. Tribedi
Dr. S. C. Chatterjee, C.M.O. (E.B.Ry.)
Mr. T. A. Curry
Dr. K. S. Ray
Prof. P. N. Ghosh
Lt.-Col. J. C. De
Dr. A. C. Ukil
Lt.-Col. H. E. Murray .

.

Sir H. Suhrawardy

Rs. A. p.

250 0 O'

250 0 0
250 0 0
250 0 0
200 0 0
160 0 0
150 0 a
160 0 a
150 0 0
100 0 0
100 0 0
100 0 0
100 0 0
100 0 0
100 0 a
100 0 0
100 0 a

100 0 0
100 0 0
100 0 a
100 0 0

100 0 0
100 0 0
100 0 0
100 0 0
100 0 0
75 0 0
75 0 0
75 0 0
60 0 0
61 0 0
50 0 0
60 0 0
50 0 0
60 0 0
50 0 0
50 0 0
50 0 0
50 0 0
50 0 0
50 0 0
50 0 0
50 0 0
50 0 0
60 0 0
50 0 0
60 0 0
60 0 0
50 0 0
50 0 0
60 0 0
50 0 0
60 0 0
50 0 0
60 0 0
60 0 0
60 0 0
50 0 0
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Dr. Charu Chandra Basu

Rs.

60

A.

0

57

p.

0
Dr. Asoke Nath Bose 50 0 0
Dr. H. Ghosh 60 0 0
Mr. J. Do, I.C.S. 60 0 0
Mr. G. Peace 60 0 0
Principal R. Wolfenden 60 0 0
Dr. S. K. Pramanik 60 0 0
Mr. P. J. Kerr 50 0 0
Mr. H. H. Burn (MacLeod & Co., Ltd.) 50 0 0
Mr. S. C. Mukorjee, I.C.S. (Retd.) .

.

60 0 0
Mr. H. P. Townend, I.C.S. 60 0 0
Mr. A. K. Ganguli (Scientific Instrument Co., Ltd.) 60 0 0
Dr. H. Thomas 60 0 0
The Hon’blo Mr. Nauser Ali 60 0 0
Major D. Ahmed 60 0 0
Mr. S. K. Sen 60 0 0
Kumar Bahadur, Lalgola 50 0 0
Dr. P. Neogi 50 0 0
Mr. J. M. Sen 50 0 0
Hon’ble Mr, N. R. Sarkar 50 0 0
Prof. S. C. Mahalanobis 50 0 0
Dr. Baini Prashad 50 0 0
Mr. C. H. Holmes (Britannia Bldg. & Iron Co., Ltd.) 50 0 0
Rev. Father A. Verstraoten, S.J. 50 0 0
Rai Radha Krishna Jalan Bahadur 50 0 0
Mr. S. K. Chakraborty .

.

60 0 0
Hon’ble Mr. Justice N. G. A. Edgley 50 0 0
Mr. A. N. Chaudhuri 50 0 0
Mr. J M. Bottomley 50 0 0
Sir Badridas Goenka 50 0 0

Dr. Amulyaratan Chakravarti 50 0 0
Mr. Hirendra Nath Datta 50 0 0

Mr. H. P. Bhaumik 60 0 0

Dr. Bamandas Mukherjeo 50 0 0

Mr. D. P. Khaitan 50 0 0
Dr. B. N. Ghosh 50 0 0

Major General P. S. Mills 50 0 0
Dr. Bidhan Ch. Ray 50 0 0

Mr. Nibaran Ch. Ray 50 0 0
Mr. J. N. Mukherji 50 0 0

Dr. K. Biswas 60 0 0

Prof. D. M. Bose 50 0 0
Mr. Banowari Lai Roy . . 50 0 0

Mr. N. N. Chhotai (Das & Co.) 50 0 0
Girija Prasaima Cliakravarti (Mohini Mills) 50 0 0

Mr. R. Chakravarti 60 0 0
Mr. S. P. Mookerjeo 50 0 0
Rai Bahadur Dr. K. N. Bagchi 50 0 0
Mr. W. M. Roy 50 0 0
Mrs. W. M. Roy 50 0 0
IChan Bahadur K. M. Asadullah 50 0 0
Dr. W. A. Jenkins 60 0 0

I*rof. P. C. Mahalanobis .

.

50 0 0
Dr. Sunil Chandra Bose 60 0 0

Prof. B. C. Guha 50 0 0

Dr. P. N. Ray 50 0 0
Prof. 8. P. Agharkar 50 0 0

Major P. Bardhan 50 0 0

Dr. P. C. Mitter 50 0 0

Prof. S. Dutta 60 0 0
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Ks. A. r.

Lt.-Col. E. H. Vere-Hodge, I.M.S. .

.

50 0 0
Lt.-Col. E. O’G. Kirwan, I.M.S. 50 0 0
Major S. D. S. Greval . . 50 0 0

Bt.-Cob B. N. Chopra .

.

50 0 0
Hon'blc Maharaja Sris Chandra Nandy of Kashimbazar 50 0 0
Prof. B B. Kay 50 0 0
Dr. Nabajiban Banorji .

.

50 0 0
Mr. J. M. Majumdar 50 0 0

Mr. J . C. Mukherjee 50 0 0
]Mr. Asoko Chatter.)

i

50 0 0

Mr. Sanat Kuniar Koy Chowdhury 50 0 0

Mr. G. L. Mehta 50 0 0
Sir Nilratan Sircar, Kt, 50 0 0
Mr. Atul Chandra Gupta 50 0 0
Mr. W. (b Wordsworth .

.

50 0 0

Lt.-Col. T. M. M. Penney 50 0 0
Mr. Phulshanker A. Dave 50 0 0
Dr. Pancharian Chatterjee 50 0 0
Mr. S. N. Mitter 50 0 0
Mr. P. Kav Chovvdhuri (Mitters Ltd.) 50 0 0
Mr. S. C. Roy 50 0 0
Mr. M. H. B. Lethbridge 50 0 0
Dr. A. M. Heron 50 0 0
Prof. J. N. Mukherjee .

.

50 0 0
Mr. N. (b Chatterjee 50 0 0
Dr. S. K. Mukherjee 50 0 0
The Hon’ble Nawab Mushairaf Hossain 50 0 0
The Hon’ble Mr. H. S. Suhrawardy 50 0 0
Principal B. M. Son 50 0 0
Prof. S. K. Mitra 50 0 0
Miscellaneous 50 0 0

Total . . 20,086 0 0

List of Contbibutors to the Indian Delegation Fund ok the
British Association.

i! .s*.

W. H. Allen k Hoiih

Aripjlo-Irnnian Oil Co.
Babfoek, Wilcox & Co.
Baroda, Maharaja Gaokwar of
it. Bell & Sons
Bengal Dooara Bly.
Bengal & North Western Kly.
Blackie & 8ons
Bombay, Baroda & Central India Rly
British India S.N. Co.
Buck & Hickman
Callender’s Cable Co.
Cambridge University Press
Dunlop Knbber Co.
East India Distilleries

iJeneral Electric Co.
Henley’s Telegraph Co.
Imperial Airways
I.C.I.

Institution of Electrical Engineers
Longmans, Green & Co.

10 0
100 0
10 0

100 0
10 10
5 5

20 0
25 0
21 0
50 0

1 1

10 0
1 5 0
25 0

10 10
100 0
10 10
50 0

100 0
50 0
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£

Macmillan & Co. . . . .. 25 0
Mather & Platt .. .. .. .. 10 10
Mirrlet^s, Ihokerton, Ltd. . . 5 5

Mirrlees, Watson, Ltd. . . . . . . . 5 5
Mocatta & Goldsmid . . . 10 0
Mohan Singh, Sardar Jlahadur Sardar . . . 20 0
Mond Nickel Co. . . 20 0
K. Nivison & Co. . . . . . 105 0
Kalh Bros. . . . . 100 0
Rendol, Palmer & Tritton . . . 25 0
Rohilkund & Kumaoii Rly. . . . . 5 0

W. M. Simons & Co. . . . . .55
Sir Fmdlater Stewart . . . . . . . 5 0
Thompson Boilers, Ltd. . . . . . . 2 2
Wakefield & Co. . . . . . 52 10
Worthington &. Simpson . . . . . . . . 3 3

Yule, Catto & Co. . . . . . . . . 100 0

Totau .. £1,228 1

The P. & O. Steam Navigation Co. granted one free first and one
free second class passage, the equivalent of a contribution of £199 to the
fund.

Sir Findlater Stewart, of the India Ofliee, and Mr. R. W. Allen, gave
generous ijersonal help in collecting the fund.
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F. MEETINGS OF THE GENERAL COMMITTEE, THE COUNCIL, AND THE
EXECUTIVE COMMITTEE OF THE INDIAN SCIENCE CONGRESS

ASSOCIATION.

1. Meeting or the General Committee.

A meeting of the General Committee was held at 2 p.m. on Saturday,

January 8th, 1938 in the Senate Hall, Calcutta, with Sir James H. Jeans,

the President, in the chair. The following items of business were
transacted

:

(1) The minutes of the last meeting held on January 5th, 1937, in

the Address Hall, Osmania University, Hyderabad, Deccan, were confirmed.

(2) The General Secretary reported" to the meeting the names of the

Honorary Silver Jubilee Members.
(3) Proposals made by Prof. B. K. Das, Prof. H. P. Chaudhuri,

Dr. S. L. Hora and the Executive Committee for alterations to the rules

of the Association were postponed for consideration by the next meeting
with the consent of the members mentioned above who had acceded to

the request of the Executive Committee to do so.

(4) The President announced the following names of five Ordinary
Members elected to the Executive Committee under rule 13, and of five

Ordinary Members elected to the Council under rule 17 for the year
1938-39:

Executive Conumtlee, Comicil.

(1) llao Bahadur T. S. Veakatraman.
(2) Prof. K. S. Krishnan.

(3) Kai Bahadur Dr. S. U. Hora.
(4) Prof. P. C. Mitter,

(5) Prof. S. P. Agharkar.

(1) Prof. S. S. Bhatnager.

(2) Prof. S. N. Bose.

(3) Mr. D. N. Wadia.
(4) Prof. K. N. Bahl.

(5) Dr. S. K. Banerjee.

(5) The President announced that the twenty -sixth Session of the
Congress will bo held in Lahore under the auspices of the Punjab University.

(6) The President announced the names of the President, Sectional
Presidents and Recorders of the 26th Session as follows

:

Frcmdeni.

Professor J. C. Ghosh, D.Sc., F.N.l.

Section,

1. Mathematicn
and Physics.

2. Chemistry . .

3. Geology
4. 1 Geography

and Geodesy,

President, liecorder.

Dr. K. R. Ramanathan. Dr. D. S. Kothari.

Dr. P. B. Sarkar . . Dr. S. S. Joshi.
Prof. S. K. Roy . . Dr. C. Mahadevan.
Mr. N. Subrahmanyam. Dr. S. P. Chatterjee.

1 The Executive Committee decided at its Meeting held on the 31st
January, 1938, to retain the Section as an independent Section. The
names of Sectional Officers for the Section of Geography and Geodesy had
already been nominated by the Sectional Committees subject to the
approval by the Executive Committee in anticipation of the Section being
made permanent.
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Section, President, Recorder,

5. Botany . . Dr. K. D. Bagohee
6. Zoology . . Prof. 0. R. Narayan Rao

7. Anthropology
8. Medical arid

Veterinary
Research.

9. Agriculture

10. Physiology
1 1 . Psychology

Dr. D. N. Majumdar
Prof. T. S. Tirumurti . .

Rao Sahib Dr. T. V.
Ramakrifthna Ayyar.

Prof. N. M. Basu
Mr. H. P. Haiti

Prof. Y. Bharadwaja.
Dr. S. G. Manavala
Rainariujain.
Capt. R. N. Basu.
Dr. Phanindranath
Brahmaohari.

Dr. C. N. Acharya.

Prof. B. Narayana.
Dr. D. D. Shendarkar.

(7) Mr. W. D. West was reappointed as a General Secretary for a
period of five years from February 1st, 1938.

(8) The following were elected members of the Sectional Committees
for the year 1938-39:

1. Mathematics and Physics

2. Chemistry

3. Geology

4. Botany

5. Zoology

6. Anthropology

7. Agriculture

8. Medical and Veterinary Research

9. Physiology

10.

Psychology

1. Prof. J. Ghosh.
2. Prof. A. C. Banerji.

1. Prof. B. C. Guha.
2. Dr. S. P. Ray-Chaudhuri.
1. Dr. M. R. Sahni.
2. Dr. T. Das-Gupta.
1. Dr. S. N. Das-Gupta.
2. Mr. A. O. Joshi.

1. Dr. B. K. Das.
2. Mr. G. K. Ohakravarti.
1 . Dr. P. C. Biswas.
2. Prof. M. H. Krishna.
1. Prof. J. C. Lutlira.

2. Mr. N. L. Dutt.
1 . Capt. S. Datta.
2. Rai Bahadur K. N. Bagchi.
1, Dr. B. B. Sarkar.
2. Dr. S. N. Ray.
1. Principal H. Hydor Ali Khan.
2. Mr. G. Pal.

(9)

The audited accounts upto November 30th, 1937, were adopted.

(10)

The following votes of tlianka wore unanimously adopted:

(i) A vote of thanks proposed by the President to H.E. the

Viceroy, for accepting the Patronship of the Association,

and for opening the Session.

(ii) A vote of thanks proposed by the President to H.E. the

Governor of Bengal, for accepting the Patronship of the

Association, and for gracing the occasion on the opening of

the Session with his presence.

(iii) A vote of thanks proposed by the President to the University

of Calcutta and its Vice-Chancellor, Mr. S. P. Mookerjee.

(iv) A vote of thanks proposed by Prof. S. P. Agharkar to the

Government of India and to the Hon’ble Kunwar Sir

Jagdis Prasad, Member of the Viceroy’s Council in charge of

the Department of Health, Education and Lands.

(v) A vote of thanks proposed by Rao Bahadur T. S. Venkat-
raman to the Government of Bengal.

(vi) A vote of thanks proposed by Prof. J. N. Mukherjee to the

University of Bombay and its Vice-Chancellor, Mr. M. N.
Chandavarkar.

(vii) A vote of thanks proposed by Prof. J. N. Mukhorjee to

H.E.H. the Nizam’s Government, the Rt. Hon. Sir Akbar
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Hydari, the Osmania University and its Vice-Chancellor,

Nawab Mehdi Yar dung.
(viii) A vote of ihanks proposed by Prof. J. N. Mukherjeo to the

Benares Hindu University and its Vieo-Chancollor, Pandit
Madan Mohan Malaviya.

(ix) A vote of thanks proposed by Prof. J. N. Mukherjeo to the
University of Madras and its Vice-Chancellor, Dewan
Bahadur S. E. Ranganathan.

(x) A vote of thanks proposed by Prof. J. N. Mukherjeo to the
Hon’blo Sir Mirza M. Ismail, the Dewan of Mysore and to

the University of Mysore and its Vice-Chancellor, Mr. S. N.
Subba Rao.

(xi) A vote of thanks proposed by Prof. J. N. Mukherjeo to tho
Hon'ble Sir Shah Sulaimaii.

(xii) A vote of thanks proposed by Prof. J. N. Mukherjeo to Sir

Cirja Sankar Bajpai.

(xiii) A vote of thanks proposed by Prof. P. G. H. Boswell to the
Chairman and Members of the Local Reception Corilmittee.

(xiv) A vote of thanks jiroposed by Prof. J. L. Simonsen to the
Local Secretaries and Volunteers.

(xv) A vote of thanks proposed by Prof. B. Sahni to the General
Secretaries.

(xvi) A vot e of thanks proposed by Rao Bahadur T. S. Venkatraman
to the President.

(xvii) A vote of thanks proposed by Prof. J. C. Ghosh to tho Royal
Asiatic Society of Bengal.

(xviii) A vote of thanks proposed by Prof. M. N. Saha to the British

Association for the Advancement of Science, for holding a
Joint. Session with the Indian Science Congress.

2. Mketino op the Council.

A meeting of tho Council was held at; 7-45 p.m, on January 3rd, 1938
in tho Senate Hall of the University of Calcutta. The following were
among tho impoi’tant items of business transacted at tho meeting :

(J) It was agreed that the pro.sent practice of accepting more papers
than can be ade(|uaUdy dealt with at the Session of tho Congress “ was
not altogether satisfactory and it was decided to I'oquest the Executive
Committee to appoint a sub-committee to consider the views of sections
whose opinion had already been asked for C)n this point, and to report to
tho Council at its next iiu'cting

(2) Tho General Secretary pointed out that with the present size of
tho Association, and with the increase in the amount of its yiublications,

tho work of running the Congress had lately increased so greatly that not
only did it disturb the regular work of tho Royal Asiatic Society, but it

hail become very dillicult for the General Secretaries to control the work
of administration without the help of a permanent whole time staff.

The Managing Secretary pointed out that the present arrangement between
tho Royal Asiatic Society of Jiongal and the Science Congress, while it had
generally worked smoothly, had in it an olomont of divided control which
was liable to lead to difliculties.

The desirability of tho Association having its own permanent staff

was agreed to in principle, and it was decided that the matter should bo
discussed with the Royal Asiatic Society of Bengal. It was also decided
that as the question primarily depended uyjon the financial resources of tho
Association, it was desirable to obtain an aimual grant from the
Government of India, and the Executive Committee were authorized to
approach the Government of India in this connection.

(3) A suggestion made at the meeting that the Section of Mathematics
and Physics should be divided into two sections was referred to f-ho Sectional
Committee of the Mathematics and Physics Section for their opinion



Official, ea

and the Executive Committee were authorized to take necessary action
after considering the report of the Sectional Committee.

3. Meetings of the Executive Committee.

Sixteen meetings of tho Executive Committee including two emer-
gency mootings were hold during the year 1037-38. The following were
among the important items of business transacted

:

(1) To ensure prompt action it was resolved to authorize tho General
Secretaries to take such action as may be necessary on behalf of the
Executive Committee regarding arrangements for the Jubilee Session.

(2) Prof. S. K. Mitra and Principal B. M. Sen, Local Secretaries of tlie

Jubilee Session., were co-opted as members of the Executive Committee.
(3) Prof. M. N. Saha was appointed President of the Section of

Mathematics and Physics in place of Sir C. V. Ilaman who declined the
appointment.

(4) It was decided to use ‘Scicong’ as the telegraphic code word for

tlie Association.

(5) A design for membership badges as contemplated in ?*egulation D
(1 )

was adopted and metal (for Ordinary and Full Session) and silk badges
(for Associate and Student) were issued free to members.

(6) A grant of Ks.2r)0 each for the year 1938 was sanctioned to the
( nrrent /Science and to the Indian Science News Association (Science and
Culture).

(7) It was decided to pay Rs.OOO to the Royal Asiatic Society of
Bengal a.s a token grant/ for the year 1938-39.

(8) The invitation of the Punjab University to hold the 1939 Session

of the C\)ngress at Lahore was accepted and tho University of Madras
W(*re informed that the Exoimtive Committee would be glad to a\*ail of

their invitation to hold a meeting imder their auspices at tho earliest

ojiportunity.

(9) Tlie appointment of Prof. J. C. Ghosh as President of the

Association for the year 1939 was confirmed.

(10) Sectional Presidents, Recorders, Sectional Correspondents and
Local Sectional Secretarios for the next Session wore nominated afti'r

coiisifleration of the recommendations of tho Sectional Committee. Tho
names of Sectional Presidents and Recorders have been given m Section

dealing with the meeting of the General Committee and the names of

Sectional (knrospomlents and Local Sectional Secretarie.s for the Session

1938-39 are given below:

Section of Mathematics and Phtfsics.

Sectional Correspondent
Local Sectional Secretary

Section of Chemistry.

Sectional Correspondent
Local Sectional Secretary

Section of Geoloyy.

Sectional Correspondent

Local Sectional Secretary

Section of Geograpiiy and Geodesy.

Sect i(mal Correspondent
Local Sectional Secretary

Scctio)! of Botany.

Sectional Correspondent
Local Sectional Secretary

Dr. S. C. Sircar. Calcutta.

Dr. P. K. Kichlu, Lahore.

Mr. S. X. Mukherjee, Calcutta.

Dr. N. A. Yajnik, Lahore.

Mr. X. X. Chattorjee, Calcutta,

Dr. X. K. Bose, Lahore.

Mr. A. K. Banerjee, Calcutta.

Mr. E. T. Dean, Lahore.

Dr. J. C. Sen Gupta, Calcutta.
Dr. P. L. Anand, Lahore.
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Section of Zoology.

Sectional Correspondent
Lo(!al St'ctional Secretary

Sectton of Anthropology.

Seetii )nal Corr(\4pondont
Local Sectional Secretary

. . Mr. J. L. Bhaduri, Calcutta.

. . Dr. Vishwa Nath, Lahore.

Mr. S. S. Sarkar, Dhakuria.
Mr. C. R. Roy, Karachi.

Section of Medical and Veterinary Research.

Sectional Correspondent . . Rai Bahadur K. N. Bagchi,

Calcutta.

Local Sectional Secretary . . Dr. Vishwa Nath, Lahore.

Section of Agriculture.

Sectional Correspondent . . Dr. R. P. Mitra, Calcutta.

Local Sectional Secretary . . Dr. A. N. Puri, Lahore.

Section of Physiology.

Sectional Correspondent
Lo( al Sectional Secretary

Section of Psychology.

Sectional Correspondent
Local Sectional Secretary

Dr. B. Mukherji, Calcutta.

Dr. Khem Singh Grewal, Lahore,

Mr. S. K. Bose, Calcutta.

Mr. S. S. Jalota, Lahore.

(11) Dr, G. S. Thaper, Recorder of the Zoology Section, having been
unable to attend the session in Calcutta, Mr. D. D. Mukerji was appointed
by the Zoology Sectional Committee to act in his place as Recorder for the
Session.

(12) The recommendation of the Section of Geology that the Section
of Geography and Geodesy be retained as an independent section was
accepted.
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G. RESOLUTIONS ADOPTED BY SECTIONS.

Scctnni (tf (ieiujraphy and Geode if.

1. The Section of Googra])hy and Geodesy adopted a resolution

that the section should continue to roinain an indejiondent section. It

M'as supported by all the o\'erseas delej^ates.

2. The Britisli Geographers who attended th(>‘ nieol ings of tlu* s(‘ction

have drawn the attention of the Indian Siaence Congress Association to the
need for the estalilishiniait of a central students’ l^ibrary which may lend
books and maps to local libraries. Such a library will, in t-heir ojiinion,

materially conduce to research work and study of geogra]>hy in India.

They further suggested that, all Government publications that might be
usi'fulfor research should be made av'ailable to all Uni\ersities in India.

3. A committee of five imanhers with Mr. N. Subrahmanyani as

convenor was appoinied to go into the question of co-ordinating the
geogra^jhical work done in the several provinces and states and to present
a rejiort to the section at the 20th meeting of the CVmgress at Lahore in

January, 1039.

Sir/ion of liofani/.

The following resolutions were adopted in connectifin with the dis-

cussion on A National TIerbarium:

(1) That there should be a National Herbarium for India for the use
of Botanists, Foresters and Agriculturists and for the preparation of Local
and Provincial Flora.

(2) That the existing Herbarium at Sibpur should form tho basis or
nucleus of tlie National Herbarium and that it should bo located there.

(3) Tlie ovisting provision for the assistant for India at Kew should
be utilized for dejiuting mombers of tho herbarium and university staff

to Kew as Liaison Officers for 2-3 years.

(4) Tho staff at Sibpur Herbarium is not suffioient and that tho post
of systematic; Assistant retrenched by tho Government of India as a
measun’ ot economy in 11)32 bo restored.

A Committee was formed to consider all the details of tho question,
ft) devise ways and means and to take necessary stops in connection witli

t he proposed National Herbarium. Tho Committee consist of the following
ineinbors (cf. pp. 54 of the Minutes):

Voyn'ener . .

Memberli .

.

To be consulted

Dr. S. P. Agharkar.

!

Dr. B. Sahm.
Dr. M. Mitra.
Dr. K. Biswas.
Dr. K. Bagchce.
Dr. K. C. Behta.
Mr. S. N. Bal.

f 8ir Arthur Hdl.
i[Col. Chopra.

Section of Zoology.

That this meeting ofthe Zoology Section of the Indian Science Congress
Association in session at Calcutta urges upon the Government of India
the necessity and importance of constituting an all India Department of
Fisheries for the development of the fishery resources of Indian waters on

5
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scientific lines. It is of opinion that the commercial development of the

fisheries of India should be accompanied by the scientific mvostigatiou of
fishery problcuns by means of a carefully planned programme of co-

ordinated scientific research, which can most easily bo controlled by one
central authority for All-India, leaving to the separate provincial

governments the task of administering the fishery laws and regulations.

It is further of opinion that, unless development of the fishery resources
of Indian waters is earned out with due regard to the scientific principles

which form the ba>sis of successful fishery developments, tliore will bo
grave danger of irreparable damage to the fisheri(‘s concerned.

Section of Zooloijif and Entomology.

A resolution was passed at a joint mooting of the Sections of Zoology
and Entomology, urging that fuller facilities for the teaching of Entomology
should be provided by the Indian Universities. The Executive Committee
have requested Mr. M. A. Hussain to draft a fairly detailed covering letter

in support of the resolution which it would forward to the Universities in

India.

Section of Anthropology.

In a motion by Prof. H. J. Eleure, F.R.S., and seconded by Prof. E.
von Eickstedt the following resolution was adopted unanimously;

This conference is of opinion that in view of the urgent necessity of
an intensive study of biological traits and social institutions of primitive
as well as of advanced peoples and cultures in India, it is essential that
the Universities and provincial administrations should make adequate
provisions for the teaching of and research in anthropology, including
genetics and demography.

That in order to promote such work, the Central Coveniment be
requested to give an independent status to Anthropology as a Department
of Research.

The Executive Committee has requested Dr. B. S. Guha to draft a
statement in support of the resolution which would be forwarded by it to

the various authorities coiKjorncd.

Section of Psychology.

The sub-committee appointed by the Psychology Section to consider
the question of the foundation of an all-India Institute of Applied
Psychology, had decided that the foundation of such an institute was at
present premature, but recommended that stops should be taken to
emphasize the desirability of studying industrial psychology at different
centres, and requested the Exocutiv’^e Committee to write to the Universities
in India in this connection.

The decision of the sub-committee was accepted and it was decided
to request Dr. G. Bose to draft a reasoned statement for the use of the
Executive Committee in approaching the different Universities.
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il. RULES AND REGULATIONS, INDIAN SCIENCE CONGRESS
ASSOCIATION

RULES.

1 . The name of the Association shall be the Indian Science Congress
Association, and its object shall be the advancement of Science in India

by the annual holding of a Congress and the doing of all such things

as are incidental or conducive to the above object, including :

—

(o) the holding and management of funds and property ;

{b) the acquisition of rights and privileges necessary or con-

venient for the object of the Association ;

(c) the management, development, improvement, disposal, and
sale of all and any parts of the property of the Association.

2. The Association shall consist of Ordinary Members and Session

Members.
3. Ordinary Members of the Association shall have the right to

contribute papers for reading at the Session of the Congress, to receive

free of charge all publications issued by the Association, and to fill any
office in the Association on being duly elected thereto.

4. The annual subscription of Ordinary Members shall be Rs. 10.

The subscription shall become due on the 1st February of each year,

and shall only be effective as a payment for Ordinary membership
subscription if received before the 16th July of the year.

6.

Any Ordinary Member may compound for the payment of all

future annual subscriptions by the pajment in a single sum of Rs. 150.

6. There shall be throe classes of Session Members :

—

(o) Full Session Members—Subscription Rs. 10 per Session.

(6) Associate Session Members—Subscription Rs. 5 per Session.

(c) Student Session Members—Subscription Rs. 2 per Session.

7. Full Session Members shall have the right to contribute papers
for reading at the Session of the Congress, and to receive free of charge
all publications issued by the Association relating to the Session of the
Congress of which they are Members.

Associate and Student Session Members shall have the right to
submit papers for reading at the Session of the Congress of which they
are Members provided such papers be commimicated through an Ordinary
Member of the Association.

A Student Member shall before admission be duly certified by the
head of his Institution to be a bona fide student.

8. The official year of the Association shall commence from the
1st of February.

9. There shall bo Officers of the Association consisting of the
Members of the Executive Committee and Presidents and Recorders of
Sections.

10. Only Ordinary Members shall hold office in the Association.

11. The term of office of all Officers of the Association except the
President shall commence from the beginning of the official year and shall

extend until the assumption of office by their successors appointed in

accordance with the provisions of these Rules. The President shall

assume office on the opening day of the Annual Congress following the
one at which he is appointed, and shall continue to hold office until the
assumption of office by his successor.

12. There shall be an Executive Committee which shall cany on
the administrative work of the Association and submit such questions
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ari it tiiinks desirable to a General Committee at its Annual Meeting during

the Session of the Congress or at a Special Meeting of which due notice

.shall have been given.

13. The Executive Committee shall consist of the President, the

President-elect for the following year, the two General Secretaries, the

Treasurer (who shall bo the Treasurer of the Royal Asiatic Society ofBengal

for the time being), the Managing Secretary (who shall be the General Sec-

retary of the Royal Asiatic Society of Bengal for the time being), and
live Ordinary Members elected by the General Committee. For the

purpose of this election any Ordinary Member may propose the name of an
Ordinary Member for election to the Executive Committee. Such proposal

must be seconded by another Ordinary Member and must roach the

General Secretary before the loth September. The Executive Committee
shall circulate those names, together with such other names, not exceeding
three;, as it may suggest, to all Ordinary Members for election by ballot.

The ballot papers will be scrutinized by the President and the General

Secretaries, and the results of the ballot will be announced at the meeting
of the General Committee.

The Executive Committee shall co-opt as Members at least one and
not more than two Local Secretaries for the ensuing Session of the
Congress.

14. The Executive (yommittoo shall have full power to transact all

business in cases of emergency, notwithstanding any limitations herein-

after laid down, and to deal with all matters not otherwise provided for

m these Rules, including the making of such Regulations as may appear
conducive to the good administration of the Association and the attain-

ment of its object
;
provided always that such Regulations bo not in-

consistent with anything contained in these Rules, that they be reported
for the information of the next mooting of the General Committee, and
that they be subject to rescission or alteration by the Executive Committee
or by any meeting of the General Committee.

15. There shall bo a General Committee which shall consist of all

Ordinary Members of the Association.

16. The General Committee shall meet at least once during each
Session of the Congress preferably in the middle of the vSession.

17. There shall be a Council which shall consist of all Members of
the Executive Committee, and all such Ordinary Members of the Associa-
tion as have held office as President, General Secretary, Treasurer, or
Alanaging Secretary of the Association, the Sectional Presidents for the
ensuing Session, and in addif.ion five Ordinary Members of the Association
elected by the General Committee. For the purpose of this election any
Ordinary Member may propose the name of an Ordinary Member for
election to the Council. Such proposal must be seconded by another
Ordinary Member and must reach the General Secretary before the 15th
September. The Executive Committee shall circulate those names,
together with such other names, not exceeding throe, as it may suggest,
to all Ordinary Members for election by ballot. The ballot papers will bo
scrutinized by the President and the General Secretaries, and the results

of the ballot will be announced at the meeting of the General Committee.
18. The function of the Council shall be to act as a body of advisers

to be consulted by the Executive Committee on important questions of
policy or scientific import.

19. There shall be a President who shall be nominated by the
Executive Committee and whose nomination shall be submitted to the
General Committee at its Annual Meeting during the Session of the
Congress for confirmation.

20. There shall be two General Secretaries who shall be nominated
by the Executive Committee and whose nomination shall be submitted
to the General Committee at its Annual Meeting during the Session of
the Congress for confirmation.
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21. The term of office of each General Secretary shall be for a period

of five years following the confirmation of his appointment and he shall

be eligible for re-appointment.
22. In the event of a vacancy amongst the General Secretaries

occurring between two Sessions of the Congress the Executive Committee
shall have power to appoint a General Secretary for the period up to the
termination of the next Session of the Congress.

23. There shall be a Local Secretary or Local Secretaries for each
Session of the Congress who shall be appointed by the Executive Com-
mittee.

24. There shall be a Local Committee for each Session of the
Congress which shall bo appointed by the Executive Committee.

26.

The Local Secretary, or Secretaries, and the Local Committee
shall jointly, on behalf of and in consultation with the Executive
Committee, make all necessary arrangements for the holding of the
Session of the Congress.

26. For the purpose of scientific deliberation during the Session of
the Congress there shall be such Sections corresponding to different

branches of science as may from time to time be constituted by tlie General
Committee on the recommendation of the Executive Committee. It

shall be competent for any section after the first day’s meeting to hold
its scientific meetings in sub-sections for the purpose of dealing separately

with different groups of papers submitted to that section. A separate

chairman may bo appointed by the Sectional President in consultation

with the Sectional Committee to preside over each sub-section.

27. There shall be in each Section a President and a Uecorder who
shall be appointed by the Executive Committee. In addition there shall

be a Sectional (.Correspondent and a Local Sectional Secretary who shall be
appointed by the Executive Committee.

28. In each Section there shall be Sectional Officers, namely,
a President, a Recorder, a Sectional Correspondent, and a Local Sectional

Secretary. The President and the Recorder shall be the chief executive
officers of tlie Section. They shall have power to act on behalf of the

Sectional Committee in any matter of urgency which cannot he brought
before the Sectional Committee for conswieration, and they shall report

such action f-o the Sectional Committee at its next meeting.
The work of each Section shall be conducted by a Sect lonal Committee

which shall be constituted as follow.s :
—

(a) Sectional Officers.

{b) All Ordmary Members of the Association who have boon
President or Recorder ol the Socdion.

(c) Two Or<l inary Members of the \ssociation elected by the
General Committee at its Annual Meeting iluring th(‘ session

of the Congress,

The Sect;ional President shall preside over all meetings of the Section
and of the Sectional Committee. He shall be the conv<uier of the meetings
of the Sectional Committee. His ruling shall be final on all points of order
that may arise.

The Sectional Recorder shall act as the Secretary of the Sectional

Committee, and shall maintain a proper record of the proceedings of the
Sectional Committee and of the Section in a book provided for the purpose.
He shall be responsible for the punctual transmission to the General
Secretary of the rocommeiidat-ions adopted by the Sectional (Jommittee,
and of resolutions adopted by the Section.

The Sectional Correspondent shall be resident at the headquarters
of the Association, and shall be responsible for preparing for the press
the material relating to his Section, according to the instructions of the
Sectional President.

The Local Sectional Secretary shall be resident in the locality

where the Annual Session is held, and shall be responsible for all local
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arrangements for the work of his Section, and for arranging the Sectional

excursions in consultation with the Local Secretaries.

29. The Sectional Committee shall meet on the opening day of each

session of the Congress, and daily thereafter during the Session before the

meeting of the Section unless otherwise determined at a meeting of the

Sectional Committee.
In the absence of the Sectional President from any of its meetings

the most senior member of the Sectional Committee present shall take the

chair.

In their meeting on the opening day they shall :

—

() nominate a Sectional President and a Sectional Recorder for

the ensuing year for the consideration of the Executive
Committee

;

() determine the detailed arrangements for the Sectional

meetings ;

(c) select the papers to be read and discussed ;

and in their meetings during the session they shall also :

—

(d) nominate a Sectional Correspondent and a Local Sectional

Secretary for the ensuing year for the consideration of the
Executive Committee

;

(e) determine the contents of the Sectional record in the Proceedings
in accordance with Rule 30 (e)

;

(/) consider means of improving the scientific work of the Section,

and make suggestions to the Executive Committee whenever
considered no(!essary.

Nominations by absent members of the Sectional Committee for the
<*lection of the Sectional President and Sectional Recorder for the ensuing
year shall not bo regarded as votes. The suggestions, however, shall be
considered and recorded in the minutes of the meeting, which shall be
forwarded to the Executive Committee along with the Sectional
(Committee’s nominations.

30. (a) Any pajjer submitted for reading at the session of the
Congress shall bo forwarded to the President of the Section concerned so

as to roach him not later than a date to l>e fixed from time to time by the
Executive Committee.

(b) Any paper submitted for reading at the session of the Congress
shall be accompanied by an abstract in triplicate.

(c) Any paper submitted for reading at the session of the Congress
shall be refereed by the Sectional President or by some person or pei’sons
appointed by him. Decisions with regard to acceptance or rejection of
any paper shall be final and all reports confidential.

(d) No paper published elsewhere shall be accepted.
(c) Only abstracts of papers received by the President before the

date fixed by the Executive Committee m accordance with Rule 30 (a)

shall be printed in Part III of the Proceedings. In exceptional circum-
stances abstracts of papers received after that date and read before the
Section, if specially recommended by the Sectional Committee, may be
printed in Part IV.

31. The Proceedings of the Indian Science Congress Association
p^hall be published in one volume in four separate parts, as follows :

—

I. To contain the list of officers, the proceedings of the opening
meeting (except the General Presidential Address) and all

official matter.
II. To contain the Presidential Addresses. To be distributed to

those present at the meeting after the addresses have been
delivered, and to absent Ordinary and Full Session Members
by post after the meeting.

III. To contain the abstracts of papers to be read before the Sections
which are received before the date fixed by the Executive
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Committee. No abstracts shall be iiiclutled in this volume
from authors who have not already enrolled themselves as
Members of the Association. To bo distributed in advance
of the Meeting to all Members of the Association.

IV. To contain the (liscussions, late abstracts accepted in accord-
ance with Rule 30 (e), the list of members and the index.

32. The following procedure shall be observed for the making of
any addition to or alteration in the Rules of the Association ;

—

(i) Proposals for additions to and alterations in the existing Rules
may be placed at any time before the General Committee by
the Executive Committee.

(ii) (a) Proposals for additions to and alterations in the existing Rules
by any Ordinary Member of the Association shall be sent
to one of the General Secretaries so as to reach him two
full months before the meeting of the General Committee
in which they are to be moved.

(6) One of the General Secretaries shall circulate such proposals
to all Ordinary Members of the Association at least one full

month before the meeting of the General Committee.
(c) Any amendments to the proposals shall be sent by any

Ordinary Member of the Association to one of the General
Secretaries so as to roach him at least a fortnight before the
meeting of the General Committee.

(d) The proposals together with any amendments shall be brought
up before the meeting of the General Committee at its

Annual Meeting during the Session of the Congress together
with any remarks of the Executive Committee and declared
carried if accepted by a two-thirds’ majority of the con-

stituent Members present and voting at the me<‘ting.

(Adoy)ted the 5th January, 1931.

Revised the 5th January, 1935,

'

tho 6th January, 1936 and

the 5th January, 1937.)

REGULATIONS.

1. Skctional Officers.

(1) Tho Prosidont delivers a Presidential address which should not

take more than one hour to deliver. Tho manuscript of tho addi'ess,

ready for the jiress, should bo sent to tho General Secretary before the

15th November. It should be accompanied by 1 2 copies of a short popular

summary (about 500 words) for issue to the lay press. Tho time and
date of the delivery of the President’s address will be communicated
before tho meeting of the Congress. No two Presidential addresses will be
delivered at the same time.

(2) The President shall be entitled to receive 30 copies of his address

without charge, and additional copies at the cost of reproduction.

(3) Railway fares, postage, clerical, or other expenses incurred by the

Sectional Presidents will not bo paid by the Association.

(4) The following procedure is adopted for the collection of papers

for the Sections :

—

About the middle of April a number of copies of a printed circular

will be forwarded to the President of each Section who may arrange
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to send these to workers in tliat branch of science with which his

Section is concerned, requesting them to contribute papers for reading

before the next meeting of the Congress.

The circular will contain a clause inviting such workers as are not
yet Ordinary Members of the Association to join as such. Particular

note should be taken of the fact that no new Ordinary Members
are enrolled after the 15th July of the year.

In the ease of joint papers, each author must be a Member of

some category.

(5) The President referees, either in person or by proxy, the papers
received for reading before his Section m accordance with Rule 30. Papers
which are sent liirect to the General Secretary by the authors will be
forwarded to the President concerned. No abstracts will bo printed

unless received through the President.
Abstracts should be limited, except in very special cases, to about 200

words. Long abstracts should be reduced by the President. References
to literature in abstracts should be avoided as far as possible and when
given should conform to the system of abbreviations used by the
Association.

The contents of all abstracts should bo carefully edited by the
President, who has a completely fme hand in the matter.

Joint discussions on related papers may be held. Authors of papers
should be informed of the time allotted by the President to the reading
of their papers. An author contributing more than one paper should be
asked to specify which of them he would prefer to read at the meeting.

(6) The President, in consultation with the Local Sectional Secretary,
shall make arrangements for such local sectional excursions as seem
desirable. Due notice shall bo given to the General Secretaries of all

such arrangements.

(7) The President and Recorder should, in consultation with other
members of the Sectional Committee, make proposals to the General
Secretary regarding the programme of the Section. Such proposals
should reach the General Secretary not later than the 1st November, so
as to enable the necessary details to be entered in the programme. General
discussions on questions of importance, held either by a single Section
or jointly by two or more Sections, should bo encouraged. Arrangements
for discussions should be made well in advance of the mooting, and
abstracts of what the principal participants intend to say should be
sent to the General Secretary along with tlio abstracts of papers. Full
reports of such discussions should be sent to the General Secretary within
three weeks of the termination of the Session for publication in the
Proceedings of tlie Association.

(8) Early in December copies of a printed form vrill bo issued to
Presidents for transmission to members of their Sectional Gommittee,
requesting them to nominate a President for the ensuing year for the
consideration of the Sectional Committee in accordance with the last
paragraph of Rule 29.

(9) The duties of the Sectional Correspondent and of the Local
Sectional Secretary are given in Rule 28.

(10) All persons entitled to be members of the Sectional Committee
should enrol themselves without delay as Ordinary Members if not already
so enrolled and should inform the General vSecretary of the payment of
their subscriptions when accepting the appointment.

(11) The General Secretary should bo consulted whenever any
question arises not dealt with in these regulations.

II. Local Arranotcmknts.

In accordance with the Rules of the Association, the Local Secretaries
and the Local Committee shall jointly, on behalf of and in consultation
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with the Executive Committee, make all necessary arrangements for the
holding of the Session of the Congress.

The following arrangements have to be made :

A, Accommodation for the Scientific Meetings,

(1) A large hall should be available for (a) the President’s address
on the opening day, and (6) for the evening lectures. Both (o) and (6)
are open to the public free of charge. A projection lantern with an
operator should be available in this room, and it is a great advantage if

loud speakers can be installed.

(2) Rooms for the meetings of the different Sections of the Congress
should be provided and suitably furnished. An epidiascope with an
operator should bo provided in each sectional room. All the rooms
should as far as possible bo in close proximity. The following are the
sections of the Congress :

—

Mathematics and Physics, Chemistry, Geology and Geography,!
Botany, Zoology, Anthropology, Agriculture, Medical and
Veterinary Research, Physiology and Psychology.

(3) A Reception room should be provided in which Members can get
information, write letters, etc The Local Secretaries’ Office should be as
near as possible to this room. An arrangement should be made with
the Postmaster-General to have a temporary Post Office in this room
and for all letters addressed to members c/o The Indian Science Congress
to be delivered here. The Indian Science Congress Post Office should be
situated as near as possible to the Reception room.

(4) A room near the Reception room should be set apart for the
General Secretaries’ office, which will be opened therein from the 31st

December.

(6) Provision should be made for lunch in European and Indian
styles at moderate charges near the Reception room,

B. Acco7nmodation for Visiting Members.

The Local Secretaries should send out, not later than the end of

November, a printed circular to all Members enrolled, asking them if they

desire that accommodation should be arranged for them. It is desirable,

as far as possible, to provide jirivato hospitality for the President, Sectional

Presidents, and Officers of the Congress. In this circular information

should be given regarding the types of accommodation available, with

the charges, and the nature of the climate during the session. The Local

Secretaries will receive periodically from the Managing Secretary lists of

Members enrolled at headquaj*ters.

C. Programme oj the Meeting.

(1) The Sections of the Congress meet daily in the mornings generally

from 9-30 a.m. Symposia or joint discussions will be hold either in the

morning, or from 2 p.m.

(2) Public lectures are arranged by the Executive Committee, and
are given at 6 p.m. or 6-30 p.m.

(3) A printed guide with a map of the locality in which the Congress

is held should be prepared for distribution to Members on the opening
day. Only Ordinary and Full Session Members are entitled to the Guide
Book free of cost. A small charge not exceeding Re, 1 (to be fixed by

! The Executive Committee has accepted the recommendation of

the Sectional Committee of Gkjology and Geography to create two Sections

instead, namely. Geology, and Geography and Geodesy.
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the Local Committee) may be made to other Members desiring to have a
copy. The Guide Book should contain a summary of information con-
cerning the scientific and educational activities and a short history of
the locality, in addition to general information likely to be of use to
visitors.

(4) Arrangements should be made for giving due publicity to the
activities of the Congress, both before and during the meeting.

(5) A list of Members with their local addresses where known should
be printed and distributed on the opening day, A supplementary list

should be typed and posted in the Keception room and maintained up to
date. The Local Secretaries shall arrange for this.

(6) A provisional programme of social engagements should be drawn
up by the Local Secretaries and sent to the General Secretary by the
26th November. It is essential that this be sent in time, as it has to be
printed and distributed with the abstracts by the first week in December.

The General Secretary will make aiTangements for printing the
programme drafted as above and distributing these to Members enrolled
at the time of the distribution of the abstracts.

The final programme shall be printed locally by the Local Committee
in time for the opening of the Session.

D. General,

(1) Numbered badges for Members of the Congress will be sent by
the Managing Secretary to the Local Secretaries for distribution on the
opening day of the meeting. The badges should bear numbers corres-
ponding to the enrolment numbers. There should be additional baderes
for Officers.

(2) Members of the Local Reception Committee who have made
substantial contributions to the funds of the Local Committee may be
given complimentary tickets to attend the meetings.

(3) An audited copy of the accounts of the Local Committee should
be sent to the General Secretary not later than the 30th April, following
the Session, for inclusion in the Proceedings of the Session. It is desirable
that the Local Committee should contribute any surplus to the reserve
fund of the Association,

(4) Twelve copies each of all local publications comiectod with the
Congress (guide book, final programme, notices, cards, etc.) should be
sent to the office of the Association for record at the conclusion of the
meeting

(6) Applications for inembersliip will ordinarily be dealt with by the
Managing Secretary at the office of the Association up to the 16th
December. Aiter that date applications for membership will be forwarded
to the Local Secretaries, who will open a separate account for the sale of
membership tickets. The amount thus realizr‘d, together with unsold
tickets, should be forward(»d to the Managing Secretary immediately after
the close of the Congress.

(Adopted the 5th January, 1937.)
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Inangvral Address

•(Jongress Presidmi :

—

SiB James Jeans, D.Sc., Sc.D., LL.D.,
F.R.S.

Until a very few weeks ago, we had hoped to assemble
here under the Presidency of one of the greatest s(*i(Mitists of

all time, and it is inevitable that his sudden and tragic death
should be uppermost, nol only in the thoughts of those of us wlio

come from Europe, most of whom knew him personally, but in

the thoughts of (everyone here. For his works had made him
known to us all. He has been cut olF in the fulness of his powi^rs

—leaving as his monument a rich and full life’s work, su(di as

few men have (^qualhHl, but also leaving a feeling that he might
have actiomplished more, and possibly (5Von greater, things

had he been left with us a few years longer.

Those of us who were honoured by his fricnidship know that,

his greatness as a scientist was matched by his grea.tness as a

man. We remember, and always shall remember, with alfe(‘tion

his big, (uiergotic, exuberant personality, the simplicity, sin(;erity

and transparent honesty of liis character, and, perhaps most of

all, his genius for friendshii) and good comradeship. Honours
of (wery conceivable kind had been showered upon him, so that

he (jould not hut know of the esteem in which he was held by the

whole world, and yet was always simph^, unassuming and ready
to listen patiently to (‘ven tlu^ youngest and most inexperienced

of his pupils or fellow-workers, if only he were honestly seeking

for scientific truth.

This is neither tlu^ pla(^e nor the o(*(;asion to attempt any
dtitailed description of his stuentific acJiievcnu^nts. A gr(‘at.

physicist, Niels Bohr—^whom we are sorry not to have with

us here—speaking of .Rutlu^rfonFs work to a (jongross of })hysi-

(iists which recently met in Bologna, said :
‘ His achievements

are so great that, at a gathering of physicists lik(^ the one hen^

assembled, th(\y provide the background of almost every word
that is spoken ’. As it was in Bologna, so it will be in Calcutta ;

the pro(^e(Mlings in our physics section will be utterly dilF(5rent

from what, they woidd ha.v(^ betm had Riiithcrford not lived and
worked. x\nd it is sad t-o think that t hey will be utterly different

from what th(*y would ha.v<i bc(m had h(‘ lived even a. few months
longer, for then we should have had his ardent and inspiring

personality and vast fund of knowledge and exptu’iencci to direct,

and enliven our debates. Happily he will not be altogether

absent from our meeting. He had been looking forward with

the greatest interest ami eagerness to this occ.-asion, and had

( 1 )
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already written a Presidential address for it, which it will be
my duty to read to you very shortly.

In this he tells us, in his own words, of his latest work of
all—tliat in nueh^ar ph3^sics, and especially in what he described
as ‘ the new alcln^my the transmutation of the elements.
This alone would have ensured him a j)lace in the foremost
rank of i)hysicists, and y(*t it formed only a small part of th(^

total achi(‘vement of his life.

When T first knew him, almost exactly" forty years ago,
he was (‘xptu'inienting in wireless telegraphy, using a detector of
his own iiiV(uitioii, and transmitting signals to what was, for

t hose times, the record distance of about a mile and a half.

That was in the p(‘riod which he used himself to descrilx^

as ‘ th(‘ heroic ag<‘ of physi(‘s Within tlie symce of a very few
years, Pont gen rays wen* dis(*ov€*r(*d and provided a nev^^ line

of attack on tlie problems of electric conduction in gas(‘s
;

tln^

(‘Icctron was isolated, and s(‘em{‘d to [K)int the way to an under-
standing of the ag(‘-long puzzle of tin* structure of matter;
radio-activity was disc()V(‘red, with its apparent violation of
W(‘ll-(*stal>lishcd physical laws, and o]x*n(‘d u]) a new road which
led no one kne^v where—but obviously into very dilF(‘rent

t(*rritory from that which nineteenth century physics had so
industriously and thoroughly cx])lor(‘d.

Rutherford dire(*ted liis colossal ('iiergy and tireless enthu-
siasm on to all these vast new probl(*ms in turn. By a few
investigations of masterly simjilicity, he redu(‘ed the jmzzling
])h(‘nomena of radio-activity to law and order, and, in eolla-

boration with 8()ddy, discov(M-ed the physical interpretation
of this law a,nd order. Jiadio-act-ivity, they found, indicated
the transmutation of one element into oth(*rs through processes
of spont aneous atomic explosion.

Rutherford then treated the a-])arti<’h*s which W(‘re emitted
at these radio-active explosions as projectiles. He bombarded
atoms with them and in so doing discov(*red the comiiosition
of the atoms. Finally he shewed how similar bombardments
could change the constitution of the atomic nuclei, and so literally
transmute the elements

; the dream of the alchemists was
realized.

These were ])erhaj)s the outstanding landmarks in his
career, but in truth most of his inv(*stigations were key investi-
gations, each brilliant in its simjDlicity of concejition, masterly
in its execution and far-reaching in its consequences. His
output of work was enormous and can only be explained by
his capacity for delegating all tin* less important details of an
investigation to a collaborator, whom he usually inspired with
his own enthusiasm. In his flair for the right line of approach
to a problem, as well as in the simple directness of his methods
of attack, he often reminds us of Faraday, but he had two great
advantages which Faraday did not possess—first, exuberant
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bodily health and energy, and second, the opportunity and
capacity to direct a band of enthusiastic co-workers. Great
though Faraday’s output of work was, it soorns to me that to
match Rutherford’s work in quantity as well as in quality, we
must go back to Newton.

Voltaire once said that Newton was more fortunate than
any other scientist could ever be, since it could fall to only one
man to discover the laws which governed th(^ univers(\ Had
he lived in a later age, ho might have said something similar

of Rutluirford and the realm of the infinitely small
;

for

Rutherford was the Newton of atomic physics. In some rospcjcts

he was more fortunate than Newton : there was nothing in

Rutherford’s life to compare with the years which Nciwton
spiait in a vain st^arch for the philosopher’s stone, or with N(Jwton’s

output of mislt^ading optical theories, or with liis bitter quarrels

with his cont(imporaries. Rutluirford was ever tlie happy
warrior—happy in his work, happy in its outcome, and happy
in its human contacts.

Tliniugh the tragiii circumstancie of his death, 1 stand
b(‘fore you as your President. 1 (iannot toll you how greatly

honoured 1 fiiel by your choice, but neither can 1 tcdl you how
strongly 1 feed my utter inadciquaciy to act as subsi-itule for the

really great man we haxl all hoped to have with us here.

y(ii. 1 must nut forget that I am here in a second capacity

also—as spokesman of the Fhilegation from tlu^ British Associa-

tion. it so ha])pened that I was President of the Association

in 1934, wluiu wo received your invitation to join you in Calcutta,

and T vividly remember how anxious your representatives were
to do (^veryt.iiing possible to make our visit not only scientifically

fruitful, but also pleasurable to ourselves.

T am sure I speak for the whole of the European deputation

in thanking you once again for your lavish and carefully-planned

hospitality.

To some of us—but only a few—India is w(dl-known terri-

tory
;
otlu^rs—1 think the majority—ctome luTe for the first tim(\

But we all feel a special interest in being here for the 25tli Anniver-

sary of your Indian Association. The quarter-century of your
existence* has bi'cn a period of stupimdous developments in

almost all bramdies of science, and certainly not least in those

which have formed my own field of work. Twenty-five years

ago the astronomers were still debating as to whether the great

spiral nebulae were inside the galactic; system or outside
;
esti-

mates of the distances of these nebuIsB differed by factors of

at least 100, and the vast universe of extra-galactic astronomy
was still closed territory. The genius of Einstein had already

given us the restricted theory of relativity—^the simple physical

theory which grew out of the Michelson-Morley experiment

—

but the more complex gravitational theory was still unborn,
and we were still perplexed by its puzzles as to whether the
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univ(‘rs(‘ was finite or infinite, and whether space and time were

n^al or unreal. In physics, Planck had given us the rudimenfary

cjiiantum-tlieorv which was required by the phenomena of

black-body radiation, but its application to atomic physics was
yet to come. Hutherford’s (ipoch-making investigation on the

scattering of a-parti(*les })y atoms had just, but only just, shewn
us the atom as w(‘ s(‘e it today—the luiavy nucleus with the

clo\id of light electrons surrounding it. Bohr immediately
seized upon this concept and developed it further

;
he shewed

how the qua!itum theory could be applied to the movements
of this (‘loud of (‘lectrons, and made it yield an interpretation

of atomic sp(5(*tra. On this basis were built first the old quantum-
theory and tlK'n f 1h‘ far vaster stru(^turos of the new quantum-
theory and the wave-mechani(js. Finally the new science of

nuchiar physics came into being, largely as a personal creation

of Kutherford
;
his V(^ry last utteran (‘0 on this subject was

written (^specially for you, and in a few minutes T shall be reading

it to you

.

Nor has India stood idly by as a mi^re spe(;tator of this

most thrilling ])eriod in the history' of science. Thes(^ twenty-five

years have not only seen your association in(;r(‘ase from nifinites-

irnal Ix'ginnings to its jm^sent international importance ; they
have also seen the phenomenal growlb of India, as a scientific

nation. In 191 1 tht*ro were no Indian-born fidlows of the Royal
Society ; to-day there a.re four. In 191 1 tlie Royal So(‘iety

publislunl no papi^rs by Indians, in 1980 we published to?).

Vet sf{lf.isti(^s are dry thiiigs, and ev(‘n those which shew an
infinity-fold incT(‘as(‘ conv(y a less vivid picture) than a few
c(jncref.(‘ examples, such as each of us can find in abundance
in his own subj(‘ct. The mathematicians and physicists will

probably find th(*ir t houghts turning, as mine do, to the strangely

intuitive gcuiius of Ramanujan and to the reraarkabl(‘ discoveries

he had made in y)ure mathematics before death siuitched him
prematun‘ly away : to the work of Sir Venkata Raman in

physi(‘s, and especially his discovery of the effect which is known
by his name all the world over

; to many investigations in sound
and the theory of music made by Raman and a lujst of others

;

t(> the work of Saha in astrophysics, which gave us our first clear

understanding of the im^aning of stellar spectra
,
and so unlocked

t/he road to vast jk'tv fi(‘lds of astronomical knowledge
;
and to

the work of man> Indians, among whom I would specially

mention Chandrasekhar and Kothari, on conditions in the interiors

of the stars. And 1 am sure that not only the mathematicians
and j)hysicists, but. workers in all otlier fields as well, will bo
til inking with admiration of the remarkable ingenuity and
experimental skill shewn by that great Indian scientist, the
late Sir Jagadis Chunder Bose.

If such names and achievements as these come into the
mind of a worker in on(‘ only of the many vast fic^lds of science.
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we eaii form sonic slight idea of the riehne>'< of India’s contri-

bution 1o s(5i(mce as a whole. Thinking on this great contribution,

W(‘ of tlui British Association congratulate you of the Sister

Association most whole-heartedly, not only on tin* completion

of your twenty-five years of existence*, but even more on tlie

wealth of harvest you have gathered in that twfMity-five* V(‘ars.
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'

Congress President-Elect :

—

Prof, the Rt. Lord Rutherford of Nelson,

O.M., F.R.S., D.Sc., LL.T)., Ph.D.

During the past fifty years, the British Association for

the Advancemtuit of Science h/is been invited on many occasions

to hold its meetings overseas. Four times it has journeyed to

Canada (Montreal 1884, Toronto 1897, Winnipeg 1909, Toronto
1924), twice to South Africa (1905, 1929), once to Australia (1914).

This policy of th(i Association of arranging o(‘casional meetings in

our Dominions has j)roved an unqualified success. These
overseas visits have had a ma.rked influcn(‘e on the progress of
science throughout our Commonwealth and by personal contacts

have helped much to promote mutual understanding and co-

operation between our peoples.

The visit of a representative group of scientific men to our
most distant Dominions in 1914, in itself an outstanding event
in the history of thc^ Association, was renderc'd even more notable
by the dramatic circurnstajices under which th(^ meetings were
held, for the arrival of the party in Australia coincided with the

news of the outbreak of the Great War. No one who like

myself took part in the meetings in Australia and New Zealand
in those troubled but stirring times can ever forget the warmth
of our njception. We were privileged to witness that wonderful
resj)onse of tluj peoples of these lands to the call of danger—

a

response which we know grew ever greater with the need.

Tt has long been the wish of the British Association to

hold a meeting in Lidia, but difficulties of time and climate

have stood in the way of its realization. It has been found most
convenient for the overseas visits to take place in the summer
months but such a time is quite unsuitable for India. This

difficulty would be in part surmounted if a representative party

of scientific men could obtain leave of absence from their duties

to visit India during the cold weather.

The celebration of the Silver Jubilee of the founding of

the Indian Science Congress Association offered a suitable

occasion for ^uch a visit, and arrangements have been made
by the two Associations to hold a joint meeting in India. I

gladly accepted the invitation of the two bodies to preside over
this combined meeting. I feel it not only a great honour but a

1 Received after Lord Rutherford’s death.

( 7 )
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great privilege and responwibility to be asked to fill this post

on such an historic occasion. This visit of the British Association

to your shores is a symbol of our desire to extend the hand
of greeting and fellowship to our sister society and also indivi-

dually to our co-workers in science in India.

While science has no politics, I am sure it is of good omen
that our visit happens to fall at a time when India is entering

upon a new and important era of responsible co-operative govern-

ment in the success of which both our countries are deeply

concerned.

On behalf of the British Association, I extend to the Indian
Association our warmest congratulations on this the twenty-fifth

anniversary of its foundation and our sincere wishes for its

continued success. We recognize that your Association, both
in its constitution and its aims so closely resembling the British

Association, has proved of great service to the progress of science

throughout India. Founded at a time when the Universities

were becoming centres of original research, it afforded to a widely

scattered scientific community a much needed common meeting
ground for the discussion of scientific problems. It helped also

to bring to the attention of the interested public the importance of

science and of the scientific method in national development.
I think it can be safely stated that the success of the meetings

of the Indian Association in no small degree influenced the later

foundation of specialist societies in India, for example, the

Chemical Society and Physics Society.

On such an occasion as this, we must not forget to do honour
to those who were largely instrumental in founding your Asso-

ciation and in guiding its infant steps. I would refer in particular

to Professor J. L. Simonsen, Professor P. S. MacMahon and your
senior Past-President, Sir Sydney Burrard. The Association

owed much in its early days to the friendly support and
encouragement so freely given by that premier Indian Society,

the Royal Asiatic Society of Bengal of which I am proud to be an
honorary Fellow.

In earlier days in India, research was largely confined to
the great official scientific services, initiated and maintained on a
generous scale by the Indian Government, for example, the

Survey of India, the Geological Survey, the Botanical Survey,
the Departments of Agriculture and Meteorology and many
others. Pioneer work of outstanding scientific importance has

been done by all these services. In the short time at my disposal,

I can only make a passing reference to a few items of work
accomplished, and can mention only a few of the array of distin-

guished names which have been connected with these great

scientific services.

The Trigonometrical Survey of India has a long and distin-

guished history. The splendid series of geodetic measurements
along an arc from Cape Comorin to the Himalayas, made by



(3 )
Presidential Address

.

9

Everest, was of outstanding importance and his name is for ever

associated with the highest peak in the world. As a result

of this survey, the deflections of a plumb line, due to the gravi-

tational attraction of the Himalayan range, wore determined
at different points. A careful comparison of the results of

observation with calculation, largely due to the work of

Archdeacon Pratt of Calcutta, and later of Sir Sydney Burrard,

disclosed marked discrepancies, the eftect of the mountain mass
at a distance being much less than was expe(;ted. Attempts to

explain those and other anomalies ultimately led to the formu-
lation of a new and important theory of mountain formation

known as the principle of iaostasy. On this hypothesis, the
excess pressure due to a mountain mass is compensated for by
a deficiency of matter below its base. This conclusion, which is

in accord with extensive gravitational as well as geodetic measure-
ments in India, is believed to be of general application to moun-
tain formation throughout the world.

I may recall that a former distinguished Superintendent

of this Survey, Sir Ghirald Lenox Oonyngham, is now Hoad of

the Department of Geodesy in Cambridge.

The Geological Survey, one of the oldest scientific services

in India, has a fine record of work accomplished and its survey

of the mineral resources of India has proved of great value to

Indian industry. Among many distinguished names. I may
specially mention that of Sir Thomas Holland, a former Director,

who has done suoli good work for your country in peace and war.

I believe that it was largely due to his energy and scientific

insight that the great Tata Iron and Steel Works were begun.

The Department of Meteorology has done much pioneering

research and was one of the first to realize the importance of

studying the conditions of the upper air by means of small

balloons—a subject of ever-increasing importance with tlu)

advent of the aeroplane. I have always felt a friendly interest

in this Department as many of its mcimbers are known to me
personally. Amongst them is Sir Gilbert Walker, a former

Director and once President of this Association, who did much
to improve the Meteorological Service in India and himself made
important original contributions to our knowledgti of the South-

West Monsoon. I may recall that the present distinguished head
of the Meteorological Office of Great Britain, Sir George Simpson,
was for many years a member of this Indian Department.

The study of the botanical riches of India owes much to

the work of Roxburgh, Wallich and Prain, and also that explorer

and naturalist. Hooker, whose work on the flora of British India

is known to you all.

In Forestry, India has at Dehra Dun probably the finest

research laboratory of its kind in the world. We in England
owe a debt of gratitude to India in providing us with our distin-

guished Professor of Fomstry at Oxford, Professor R. 8. Troup,
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and the first two directors of our Forest Products Laboratory,

namely Sir Ralph Pearson and Mr. W. A. Robertson.

While in this brief survey I can mention only a few depart-

ments out of many, yet I must not omit to refer to the great

advances in knowledge due to the Indian Medical Service, so

well represented by the pioneer work of Ross on malaria and
by Leonard Rogers on cholera and leprosy, researches which
gave new hope to the peoples of India.

In the early days of the Indian Universities, attention was
mainly directed to teaching and examining the large number of

students who presented themselves, and comparatively little

attention was piid to research. There were always a few, how-
ever, who recognized that the universities had a wider part to

play in Indian education, and should become centres of research as

well as of teaching. Amongst those pioneers who distinguished

themselves by original investigations and by the stimulation of

others, I should particularly mention Sir Alexander Pedler, Sir

Alfred Bourne, Sir Jagadis Bose and Sir Prafulla Ray, and it is

of interest to recall that the last three have all been presidents

of your Association.

As a result of the Curzon Commission on Edu(nation in 1904,

many of the universities introduced lionours courses, and by
new appointments and improvements in laboratories stimulatcMl

research in science. Excelhmt well-equipped schools of research

have arisen in many Indian universities, where good oppor-

tunities are available for the training of potential investigators in

the methods of research. The Indian student has shown his

capacity as an original investigator in many fields of science,

and, in consequence, India is now taking an honourable part and
an ever-increasing share in the advance of knowledge in pure
science.

Amongst many workers of distinction, I may specially

mention Sir Venkata Raman, Professor M. N. Saha and Professor

B. Sahni, each of whom has made outstanding contributions.

That premier scientific society of Great Britain, the Royal
Society, has recognized the value of their work by election

to its Fellowship.

We in Great Britain watch with pride this growth of the
scientific spirit in India and are pleased to help in any way we
can. As an example of our interest, I may recall that Trinity
College, Cambridge—^my own college—assisted that mathemati-
cal genius Ramanujan to prosecute his studies in Cambridge.
He was soon elected a Fellow of that College and a Fellow of the
Royal Society. But for his premature death, it may be said

of him, as Newton said of Cotes, that we had known something.
The researches in astrophysics of S. Chandrasekhar in

Cambridge were soon recognized by the award to him of an
Isaac Newton Studentship and later by his election to a Fellow-
ship in Trinity College.
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As a member of the Royal Commission for the Exhibition

of 1851, I would like to refer to some events this year of special

interest to India. This Commission awards each year a number
of Overseas Scholarships to our Dominions, as well as Senior

Research Studentships open to competition in England by all

members of our Commonwealth. The opportunity offered by
these scholarships to promising investigators from overseas to

continue their work in England or abroad has proved of great

value to the progress of science. T am proud to remember that

I myselfwas awarded an 1 851 Scholarship on the recjommendation
of the University of New Zealand.

It has for some time been the wish of the 1851 Commission
to be able to offer one or more of its Overseas Scholarships for

award to students in India. Owing to difficulties of finance,

it was only this year that this project was realized. A preliminary

committee of selection was set up in India and the Commissioners
with whom lay the final choice have appointed Mr. N. S. Nagendra
Nath of the Indian Institute of Science?, Bangalore, as the first

1851 Exhibition Scholar from India. He will proceed to

Cambridge to carry out investigations in Theoretical Physics.

P'or the first time also, an Indian student in Cambridge, Dr. H. J.

Bhabha, has been awarded in open competition one of our
valuable Senior 1851 Studentships in recognition of the impor-
tance of his researches in Theoreti(;al Physi(‘s. The Commission
would like to be in a position to allot a second Science Scholarship

to India but funds are insufficient. The machinery, however, is

there, and I know that the Commissioners would be only too

happy to administer a second award if anyone in India, who is

interested in her scientific progress, were generous enough to

provide the necessary endowment.
While, as we have seen, the universities of India have in

later years made substantial progress both in teacliing and
research in science, yet it must be borne in mind that still greater

responsibilities are likely to fall on them in the near future.

This is in a sense a scientific age, where there is an ever-increasing

recognition throughout the world of the importance of science

to national development, A number of great nations are now
expending large sums in financing scientific and industrial

research with a view to using their natural resources to the best

advantages. Much attention is also paid to the improvement of

industrial processes and also to conducting researches in pure

science which it is hoped may ultimately lead to the rise of new
industries.

It is natural to look to the universities and technical insti-

tutions for the selection and training of the scientific men required

for this development. In India, as in many other countries,

there is likely to be a greater demand in the near future for well-

trained scientific men. With the growth of responsible govern-

ment in India, it is to be anticipated that the staff required for
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tlie scientific services in India and for industrial njsearch will

more and more be drawn from students trained in the Indian

nniv(‘rsities. It is thus imperative that the universities should

be in a position not only to give a sound tluioretical and practical

instruction in the various branches of science but, what is more
difficult, to sehict from the main body of scientific students

thosc^ who are to be trained in the methods of research. It is

from this relatively small group that we may expect to obtain

the future leaders of research both ff)r th(i Universities and for

general research organizations. This is a case whore quality

is more important than quantity, for experience has shown that

the progress of science depends in no small degree on the

(miergence of men of outstanding originality of mind who are

endowed with a natural capacity for scientific investigation and
for stimulating and directing the work of others along fruitful

lines. Leaders of this type are rare but are essential for the

success of any research organization. With inefficient leadersliip,

it is as fatally easy to waste money in applied research as in other

branches of human activity.

The selection of such potential investigators and hiaders

is not an easy task, for success in examinations in science is no
certain criterion that the studcmt is fitted for a research career.

A pndiminary training in research methods for a year or two is

required to select those who pos8(*ss the requisite qualities f)f

originality and aptitude? for investigation. A system of grants-

in-aid or scholarships to approved students may be required for

such postgraduate training. In Great Britain the financial help

given by the Universities and other educational institutions

for training in research is in many cases supplemented by main-
tenance grants to promising students, awarded by the department
of Sci(;ntific and Industrial Research. This system has proved of

much value both in developing the research activities of tlie

universities and in providing a sup])ly of competent men both
for research in pure science and in industry.

I have so far mentioned some aspects of the scientific work
carried out by the universities and government services of India.

I am well aware that much attention has also been directed

to the need of scientific research in agriculture, and in certain

industries. An Indian Cotton Committee has been set up which
has given admirable service?, while the Indian Lac Cess Com-
mittee arranges for investigations in that unique Indian product,

some of which are carried out in Great Britain. I am interested

to know that an Agricultural Research Council has recently

been formed, largely as a result of the findings of a Commission
of which His Excellency the Viceroy was Chairman.

While I cannot lay claim to have any first-hand knowledge
of Indian industries and conditions, yet perhaps I may be allowed
to make some general observations on the importance in the
national interest of a planned scheme of research in applied
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science. If India is determined to do all she can to raise the

standards of the life and health of her peoples and to hold her

own in the markets of the world, more and more use must be

made of the help that science can give. Science can help her to

make the best use of her material resources of all kinds, and to

ensure that her industries are run on the most efficient lines.

National research requires national planning. If research is to

be directed in the most useful direction, it is just as important
fur a nation as for a private firm to decide what it wishes to make
and sell. It is clear also that any system of organized research

must have regard to the ecionomic structure of the country. One
essential fact at once stands out. India is mainly an agricultural

country, for more than three-quarters of her people gain their

living from the land, while not more than three per cent, are sup-

ported by any single industry. A glance at the official review

of the trade of India shows that the annual production of wheat
has risen since 1914 from about 8*3 to 9*5 million tons, while

exports in the same period have fallen from over a million tons

to 10,000 tons. In the case of another important food, rice,

the Indian production, exclusive of Burma, has remained fairly

steady, varying between 22 and 25 million tons annually, but

here also exports have fallen from about half a million tons

before the War to about 200,000 tons.

In view of these facts, it would seem clear that, in any
national scheme of research, research on foodstuffs has a primary
<‘]aim on India’s attention. Quite apart from improvements
in the systems of agriculture used in India, there is a vast field

for the application of scientific knowledge to the improvement
of crops, for example, by seeking for improved strains suitable

for local conditions, by research on fertilizers and in many other

directions. The fact that surplus wheat for export has decreased

suggests that the present production is required for home
consumption in India. When the permanent schemes of

irrigation now in hand bring much more land under full culti-

vation, India may again wish to take her place in the export

market. To do this in the face of international competition, well-

planned agricultural research will be essential.

While the character of India’s trade has seen many
changes in the last hundred years, to-day exports of cotton, jute

and tea amount to about 60 per cent, of the total exports of India.

Next in importance come oil and seeds 6 per cent., hides 5 per cent,

and lac 1 per cent. There is no doubt that more scientific

knowledge would increase the production of all these products.

There is of course the need to make sure that there is a market
for such a surplus. Of India’s standard exports, cotton re-

presents about 20 per cent, of the total value. In spite of

recent strenuous attempts to improve Indian cotton, its staple

is still usually looked upon in the world’s markets as short and
coarse. No doubt there are purposes for which cotton of this
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type possesses special advantages, though the demand for it

must now be very near to saturation point. Still, India only

produces about 16 per cent, of the world’s cotton crops and

there appears to be no reason why it should not produce a larger

share; but until the cultivation of better varieties is more
extensive, competition with cottons of the American type in the

world markets will certainly be difficult. Here there appears

to be a wide field for applied research. Good work has been

done by the Indian Cotton Committee which has taken steps to

improve the staple and prevent adulteration and inter-mixture

of various varieties. The problem can be approached, however,

not only in the seeking of better varieties but in finding uses

and methods of treatment for the short staple variety. The
importance of research on the cotton itself is well brought

homo by the results achieved in the United Kingdom, where

the British Cotton Industry Research Association at the Shirley

Institute has found that many of the defects which appear

in the finished article can be traced back to defects in the raw
material.

Finally a word might be said concerning the need for research

on radio-communication, so important a matter to a large

country like India. I do not refer to technical research in

transmitting and receiving apparatus, but ratlier to the type of

fundamental investigation pursued under the Radio Research
Board in Great Britain. These investigations, begun in th(^

early days after the War, have shown that the propagation of

radio-waves over large distances is very sensitive to the

electrical state of the upper atmospliere. It is now established

that a number of electrified layers exist in the higher atmosphere
which under certain conditions are able to reflect electric waves.
The details of this electrical distribution vary considerably with
the hour of the day and with the season of the year, as well

as with geographical location. Such information, which is of

practical importance in the selection of the most suitable wave-
lengths for radio-communication, must obviously be secured
by research conducted in the country itself. Moreover, it does
not seem impossible that such a survey may prove of value
in long range weather forecasting.

There is here, then, much sco{)e for research in a wide field,

which I hope will be pursued vigorously in India. It is pleasant
t o note that a most promising beginning in tackling fundamental
radio problems of this character has already been made here by
Professors M. N. Saha and S. K. Mitra and their students.

The importance of survey work of this kind has already been
recognized in other parts of the Empire, where it has received

official support and encouragement. I will refer in particular

to the admirable work in this field by the Radio Research Board
of Australia.
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Industrial Research in Great Britain.

While I recognize the great differences which exist between
the industrial and agricultural conditions in Great Britain and
India, yet it may prove of some interest and, I hope, of some
value, if I give a brief account of some of the ways in which the

British Government has aided industrial and agricultural research

in the period following the Great War. From the dawn of the

scientific age, Great Britain has taken a prominent place in

advancing knowledge both in pure research in our universities

and in applied research for the development of industry. Before
the War, progress in industry depended in the main on the
brilliant contributions of individual workers rather than on
any systematic attack by scientific methods on the problems
of industry. We may instance the pioneer work of Bessemer
for the steel industry and of Parsons in the development of tht^

steam-turbine which had such a great effiict on the power-
industry. One cannot pay too high a tribute to the greatness

of the achievements of individual inventors and investigators

such as these, for it was largely duo to them that Grtiat Britain

obtained so great an industrial position in the last century.

Yet I tliink it is true to say that in the period before the War
the country as a whole failed to recognize as fully as some other

nations the importance of an organized scientific atta(;k on broad
lines on the problems of industry. In a number of cases, British

science gave ideas to the world, but it was left to other nations

to develop them by intensive research and to reap the industrial

l)enefit.

This weakness in our organization became apparent in

t he War when the production of munitions and materials threw
a great strain on industry. The common danger brought the

industrialist and man of science into close co-operation to their

mutual benefit. The results of this co-operation surpassed all

expectation. New chemical processes were evolved, many new
devices arose, while communications were revolutionized by the

rapid development of the thermionic valve. In a hundred
different ways, the co-operation of science with industry had
justified itself by its success.

Early in the War, the British Government recognized that

when peace came, a more systematic application of science and
research over a broader field was essent ial in the national interest

and, amid the distractions of war, set up the necessary machinery

to accomplish this. In 1915 the Department of Scientific and
Industrial Research was formed, and a few years later in 1920

the Medical Research Council was set up to undertake investi-

gations in all matters connected with the health of the people.

This was followed in 1931 by the formation of the Agricultural

Research Council. The formation of the Department of Scien-

tific and Industrial Research marked the first comprehensive
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and organized measure taken in Great Britain to help industry

generally through the application of science. A number of new
research organizations were set up, controlled and financed by
t he Department, to deal with the scientific aspects of the use of

fuel, of the storage and transport of food, of buildings and later of

roa(ls—subjects of great importance to the common welfare of

the people but on which little if any organized research had been

undertaken.

Coal is the greatest material asset possessed by Great Britain,

for on it mainly depends the heating of our homes and th(‘

production of power for most industries. Its better utilisation

is a problem of great national importance. To achieve this

purpose, the Fuel Research Board was formed and a large labora-

tory was erected at Greenwich to carry out investigations on the

better and more economic use of coal. An important section of

this work is a national survey ofthe coal resources ofGreat Britaiir

carried out in special laboratories in the several coalfields. Th(i

properties of the coal in the various seams are carefully examined
and, if necessary, full scale trials are made at the Fuel Research

Station to test the suitability of the coal, for example, for carbon-

ization, for steam raising or for conversion into oil. The results

of this survey, which is still in progress, have proved of increasing

value not only to the colliery owner and the industrialist but also

for the needs of the export trade.

In Great Britain every year upwards of 100 million pounds
are spent on the erection of new buildings and in maintaining
old ones, yet no organized research on buildings had been made.
To remedy this deficiency, the Department set up a Building

Research Station near London where investigations are made
on the many and varied problems connected with the better

housing of the people. For example, investigations are carried

out to find a scientific explanation of the traditional practices

which have grown up in the building trade, for on this depends
a rational adjustment of materials and methods to meet modern
needs. The results of such a scientific enquiry in this compara-
tively unexplored field cannot fail to have a marked influence

on building construction generally.

The Building Research Station embraces in its programme*
all problems connected with building materials except those

associated with the use of timber. Those are dealt with at

another establishment of the Department, the Forest Products

Research Laboratory. Here intensive researches are carried

out on the best use of timber and its preservation. The country
spends large sums annually on timber, much of it imported, and
in the national interest it is of great importance to us that the

best value is obtained for this outlay.

You are all aware that food represents one of Great Britain’s

largest imports, and much of this is transported great distances

from overseas. An organization was set up known as the Food
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Investigation Board, to consider the best methods of storage
and transport of food, so as to avoid waste and loss of nutritive

value. Much of this work has its centre at the Low Temperature
Kesearch Station in Cambridge, but a special station at Torry,
Aberdeen, deals with the preservation of fish and another at

Litton in Kent with the storage of fruit. Investigations in this

field, which owe so much to the initiative of the late Sir William
Hardy, have proved very valuable in many directions, and have
led to great improvements in the conditions of transport and
storage of a great variety of food stuffs.

I may give one example out of many of the striking conse-

quences of such researches. The Low Temperature Kesearch
Station found that beef in a chilled state could be safely stored

for 60 or 70 days in a suitable atmosphere of carbon dioxide.

The importance of this discovery, whi(‘h enabled beef to be carried

in first rate condition from our most distant Dominions, was at

once recognized by the interests concerned. The first shipment
of (jhilled beef carried by this new method of gas storage was
landed in 1929 from New Zealand. Since that time, shipments
from Australasia have steadily increased, and most of the vessels

built for the Australasian trade have now (‘hambers specially

constructed for transport in gas storage.

While the development of our roads in the past owes much
to the pioneer work of men like Macadam and Telford, there was
no planned organization to add to our knowledge of road cons-

truction until comparatively recent years, when the Hoad
Kesearch Station was set up at llarmondsworth near Slough
to deal with problems of road construction and the study of

road wear under modem conditions of traffic. When we consider

the large sums spent every year on the construction and main-
tenance of roads, the need of such s(;i(mtific investigation is

obvious.

The group of research organiz itions so far considered deals

with the primary needs and interests of the people as a whole as

regards food, fuel, building and roads. No independent establish-

ment was set up to deal with another important need of the

people, namely clothes, for this is most appropriately provided
for by the large research associations which have been instituted

in connection with the cotton, wool, and linen industries.

Of the national organizations under the charge of the

Department, the largest and probably the most important is the

National Physical Laboratory at Teddington, which covers about
50 acres and employs a staff of nearly 700 persons. The work of

this Laboratory, primarily intended for the assistance of industry

in general, covers a very wide field. It has eight great depart-

ments devoted to the study of the different branches of Physics,

Electrotechnics, Engineering, Metallurgy and Metrology, Kadio-
communications, Aero-dynamics and the investigation of ship

design. The Laboratory is responsible for the maintenance of the

2
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National Standards and for refined measurements connected

with them. It is not always realized to what a great extent

modem mass production depends on the maintenance of exact

standards and the Laboratory plays an important part in testing

the accuracy of gauges so necessary in modern industry.

In 1925 a Chemical Research Laboratory was set up at

Teddington, in which pioneer work is being carried out on chemical

reactions at high pressures and temperatures and in the produc-

tion of synthetic resins. Another important problem in which
the Department is interested is the provision of more plentiful

supplies of pure water for domestic and industrial consumption.

Valuable work has been done by the Water Pollution Research

Board in many directions, and new methods have been found for

the purification of water which has been contaminated by the

industrial efiluents from sugar and milk factories.

I have so far mentioned research organizations which have
been set up to encourage the application of science to problems
which affect the daily life of the people and the nation’s industries

considered as a whole. I should mention that these national

organizations to which I have referred are not only willing but
anxious to co-operate with corresponding institutions which may
be set up in India or the Dominions.

I must now refer to arrangements which have been made
to promote the application of scientific knowledge to the problems
of the individual industries. The importance of research has
long been recognized by largo industrial companies, who have in

many cases set up research establishments for their own require-

ments, This tendency is specially marked in the electrical and
chemical industries, where large sums are spemt annually on
research.

It is, however, to be borne in mind that a great part of

British industry is carried out in small establishments. A survey
carried out some years ago indicated that in 128,000 factork\s

in Groat Britain loss than 500 employed more than 1 ,000 workers
while over 117,000 employed less than 100 workers. Obviously
such small factories are not in a position to maintain a research

laboratory on anything but a small and inefficient scale. To
overcome this difficulty, the Department in conjunction with
industry instituted a number of co-operative research associations

representing the greater part ofthe main industries of the country.

Each of those research associations is autonomous and controlled

by representatives of the industry concerned, and is financed

by contributions from the firms belonging to the association,

assisted by grants from the Department.
This bold experiment in the co-operative organization of

research, which is unique in the world, has undoubtedly proved a
great success. To-day there are twenty such research associations

formed on a national basis in their respective industries and for
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membership of which all British firms are eligibki. They cover

the metal and textile industries, paint, leather, boots and shoes,

rubber, flour milling, cocoa and confectionery, food, printing,

scientific instniments and the automobile and electricalindustries.

From small beginnings, a number of these associations hav(^

steadily grown in size and strength until they now form an
indispensable and valuable part of the industries they represent.

1 can apeak wilh some knowledge of the marked progress

made by these two types of research organization, as I have been
privileged, as Chairman of the Advisory Council of the Depart-
ment of Scientific and Industrial Research for the past 8 years,

to come in close contact with them. While much still remains
to be accomplished, there has been a great advance in recent

years in the recognition of the value of research in increasing the

efficiency of industry. If we are to hold our own in face of the

ever increasing competition in the world to-day, it is essential

that our industries sliould take full advantage of the resomces
which science places at their disposal.

It is of interest to note that the Overseas Dominions have
not been slow to appreciate the importance of such national

organizations in the development of their national resources and
industries. Healthy research organizations under the control

of National Research Councils or corresponding bodies have been
set up in Canada, Australia,New Zealand and South Africa . Both
in Canada and Australia, which have a Federal system of Govern-
ment, the research organization is national in the true sense of

the word, and responsible only to the central Government.
It is to be borne in mind that the organization of research

for industry and for general national purposes varies much
in different countries. A research organization which may
prove adequate for a country like Great Britain may prove quite

unsuitable for another country with different needs and different

industrial conditions. In developing any organized scheme of
research, each country must consider its own resources and its

own particular requirements. As we have seen, the organization

of research not only in Great Britain but in the Dominions, is

national in scope. Even in a large country like India, where
the resources and needs of the different Provinces are very

varied, it seems to me essential for efl&ciency that the organization

of research should be on national rather than on provincial

lines. The setting up of separate research establishments for

similar purposes in the various provinces cannot but lead to

much overlapping of work and waste of effort and money.
Such a central organization of research does not necessarily

mean that the scientific work should all be concentrated in a
single laboratory. For example, I imderstand that a single

organization is responsible for the research in cotton for the

whole of India. While the more fundamental research is done
at a conveniently situated laboratory, much of the work of a
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Hpecial (character is carried out in the provinces where cotton

is ^rown.
In Great Britain, the responsibility for planning the

program incis of research, even when the cost is borne directly

i)y the Government, rests with n^search councdls or committees

who are not themselves State servants but distinguished

representatives of pure science and industry. It is to be hoped
that if any cf)mparablo organization is developed in India,

there will be a proper representation of scientific men from the

universities and corresponding institutions and also of the

industries direc^tly con(?erned. It is of the highest importance

that the d(^tailed planning of research should be left entirely

in the hands of those who have the retpiisite specialized knowledge
of the problems which require attack. In tlu^ British organiza-

tions there is no political atmosphere, but of course the respon-

sibility for allocating the necessary funds ultimately rests with

the Government.
In this address, I have to a large extent confined my attention

to Hisearch in pure scion (;e, agriculture and industry. I am,
however, not unmindful of the pressing needs of India to alleviate

the sufh^rings of th(^ people from attacks of malaria and oth(*r

tropical diseases. I know that India hcTself is giving much
thought to these vital problems in which science can give her

valuable help.

Transmutation of Matter,

I have so far spoken of tluj importance of science as

a factor in national development, but before concluding my
address, I would like to refer to some inv(5stigations in pure
science in which I have been personally much interested. T

refer to the successful attack on that age-old problem of th(^

transmutation of matter which in recent years has attracted

so much attention from physicists throughout the world.

I hope it may prove of interest to give a brief account
of the succjossive stages of the growth of our knowledge of this

subject, for it illustrates in a striking manner the power of
the scientific method of attack on what at first appeared to be
an insoluble problem. Incidentally these researches have
yielded us precious information on the structure of all atoms
and indeed it seems likely to have provided us with a key, so

to speak, to unlock the? secrets of the constitution of our material

world.

Towards the close of the nineteenth century, when it seemed
certain that the atoms of the elements were unchangeable by
the forces then at our command, the discovery was made which
has revolutionized our conception of the nature and relations of

the elements. I refer to the discovery in 1896 of the radioactivity

of the two heaviest elements uranium and thorium. It was
soon made clear that this radioactivity is a sign that the atoms of
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these elements are undergoing spontaneous transmutation. At
any moment, a small fraction of the atoms concerned becomes
unstable and breaks up with explosive violence, hurling out either

a charged atom of helium, known as an a-particle, or an elec-

tron called in this connection a j3-particle. As a result of these

explosions, a new radioa(;tive element is formed and the process

of transmutation once started continues through a number of

stages. Each of the radioac^tive elements, formed in this way,
breaks up according to a simple universal law but at v(‘ry differ-

ent rates. In a surprisingly short time, these successive trans-

formations were disentangled and more than 30 new types of

elements brought to light while the simple chemical relations

between them were soon made clear.

We had thus been given a vision of a new and startling

sub-atomic world where atoms break up spontaneously with an
enormous release of energy, quite uninfluence>d by the most
powerful agencies at our disposal. Apart from uranium and
thorium and the elements derived from them, only a h w other

elements showed even a feeble trace of radioactivity. T1h‘

great majority of our ordinary (‘lements appeanal to Ixi perma-
iKiiitly stable under ordinary conditions on our earth. Science

was then faced witli the problem whether artificial methods could

be found to transmute the atoms of the ordinary elements.

Before this probh^m could be attacked with any hope of siu^cess,

it was necessary to know more of tlu^ ac'tual (uaistitution of

atoms. This information was provided by the rise of the nuclear

theory of the atomic structure which 1 first suggested in 1911.

The essential controlling feature of all atoms was found to reside

in a very minute central nucleus which carried a positive charge'

and contained most of the mass of the* atom. A relation of

unexpected simplicity was found to connect the atoms of all

the elements. The ordinary properties of an atom are defined

by a whole number which rej^resents the number of units of

resultant positive charge (tarried by the nucleus. This varies

from 1 for hydrogen to 92 for the heaviest element uranium
and with few exceptions all the intervening numbers correspond

to known elements.

On this view of atomic structure, it was evident that, to

bring about the transmutation of an atom, it was necessary in

some way to alter the charge or mass of the nucleus or both

together. Since the nucleus of an atom must be held together

by very powerful forces, this could only be effected by bringing a

concentrated source of energy in some way to bear on the

individual nucleus. The most energetic projectile available at

that time was the a-particle spontaneously ejected from radio-

active substances. If a large number of a-particles were fired

at random at a sheet of matter, it was to be expected that one of

them must occasionally approach very closely to the nucleus of

any light atom in its path. In such a close encounter, the nucleus
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must be violently disturbed, and possibly under favourable condi-

tions the a-particle might actually enter the nuclear structure,

resulting in a transformation of the nucleus.

This mode of attack upon the nucleus at once proved
successful. I found in 1919 that nitrogen could be transformed
by bombardment with fast a-particles. The process of transmu-
tation is now clear. Occasionally an a-particle actually enters

th(* nitrogen nucleus and forms with it a new unstable nucleus

wliich instantly breaks up with the emission of a fast proton
(hydrogen nucleus) and the formation of a stable isotope of

oxygen of mass 17. About a dozen of the light elements were
found to be transformed in a similar way. The protons liberated

ill the nuclear explosions were at first counted by observing the

flashes of light (scintillations) produced in phosphorescent

zinc sulphide. This method was slow and very trying to the

eyes of the obscjrvers. Progress however became more rapid

and definite when electrical methods of counting individual

fast particles wc^re developed. These electrical counters, mainly
dep(‘nding on the use of electron-tubes for magnifying small

currents, have now reached such a stage of perfection that we
are able to count automatically individual fast particles like

a-partickis and protons, even though they enter the detecting

efiamber at a rate as fast as ten thousand per minute. By
other special devices, we are in like manner able to (jount indivi-

dual )3-particlcs. In this connection, I must also mention that

wonderful instrument the Wilson Expansion Chamber which
makes visible to us the actual tracks of flying fragments of

atoms resulting from an atomic explosion. These remarkable
devi(;es have played an indispensable part in the rapid growth
of knowledge during the last few years. It is to be emphasized
that progress in scientific discovery is greatly influenced by the

development of new technical methods and of new devices for

measurement. With the growing complexity of science, the

development of special techniques is ofever increasing importance
for the advance of knowledge.

Up to the year 1932, experiments on transmutation were
confined to the use of a-particles for bombarding purposes. It

became clear that the process of transformation was in most
cases complex, since groups of protons with different but
characteristic energies were observed when a single element was
bombarded. This led to the conception that discrete energy
levels existed within a nucleus and that under some conditions

part of the excess energy was sometimes released in the form
of a quantum of high frequency radiation.

The stage was now set for a great advance, and four new
discoveries of outstanding importance were made in rapid
succession in the period 1932-3. I refer to the discovery of
the positive (Oectron by Anderson in 1932, of the neutron by
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Chadwick in 1932, of artificial radioactivity by M. and Mmc.
Curie-Joliot in 1933 and of the transmutation of the elements
by purely artificial methods first shown by Cockcroft and Walton
iii 1932.*

The discovery of the neutron—that uncharged particle

of mass nearly 1—^was the result of a close study of the effects

produced in the light element beryllium when bombarded by
a-particles. It is noteworthy that the proton and the neutron,
which are now believed to be the essential units with which all

atomic nuclei are built up, owe their recognition to a study
of the transmutation of matter by a-particles.

Before the discovery of the neutron, it had been perforce

assumed that nuclei must in some way be built up of massive
protons and light negative electrons. Theories of nuclear
stnicture became much more amenable to calculation when the
nucleus is considered to be an aggregate of particles like the
proton and neutron which have nearly the same mass. There
was no longer any need to assume that either the positive or the
negative electron has an independent existence in the nuclear

structure. We are still uncertain of the exact relation, if any,
between the neutron and the proton. The neutron appears
to be slightly more massive than the proton but it is generally

believed, although no definite proof is available, that the proton
and neutron within a nucleus are mutually convertible under
certain conditions. For example, the change of a proton into

a neutron within the nucleus should lead to the appearance of a
free positive electron, while conversely the change of a neutron
into a proton gives rise to a free negative electron. In this

way it appears possible to account for the observed fact that
either positive or negative electrons are omitted by a large

group of radioactive elements, to which I will now refer.

In the early experiments on transmutation by a-particles,

it was supposed that a stable nucleus was always formed after

the emission of a fast proton. The investigations ofM. and Mme.
Ourie-Joliot showed that in some cases elements were formed
which, while apparently stable, ultimately broke up slowly,

exactly like the natural radioactive bodies. Most of these

radioactive bodies, formed by artificial methods, break up with

the expulsion of fast negative electrons, but in a few cases positive

electrons are emitted. Since the presence of these radioactive

bodies can be easily detected, and their chemical properties

readily determined, this new method of attack on the problem
of transmutation has proved of great value. Nearly a hundred
of these radioactive bodies are now known, produced in a great

variety of ways. Some arise from the bombardment by fast

a-particles, others by bombardment with protons or deuterons.

As Fermi and his colleagues have shown, neutrons and parti-

cularly slow neutrons are extraordinarily effective in the forma-

tion of such radioactive bodies. On accoimt of its absence of
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charge, the neutron enters freely into the nuclear structure

of even the heaviest element, and in many cases causes its trans-

mutation. For example, a number of these radioactive bodies

are produced when the two heaviest elements uranium and
thorium are bombarded by slow neutrons. In the case of

uranium, as Hahn and Meitner have shown, the radioactive

bodies so formed break up in a succession of stages like the

natural radioactive bodies, and give rise to a number of trans-

uranic! elements of higher atomic number than uranium (92).

These radioactive elements have the chemical properties to be

expected from the higher homologues of rhenium, osmium and
iridium of atomic numbers 93, 94 and 95 respectively.

These artificial radioactive bodies in general represent

short-lived varieties of the isotopes of known elemcmts. No
doubt such transient radioactive elements are still produced

by transmutation in the furnace of our sun where the thermal

motions of the atoms must be very great. These radioactive

elements would rapidly disappear as soon as the earth cooled

down after separation from the sun. On this view, uranium
and thorium are to be regarded as practically the sole survivors

in our earth of a large group of radioactive elements owing
to the fact that their time of transformation is long compared
with the ago of our planet.

It is of interest to note what an important part the a-particle,

which is itself a product ol transformation of the natural radio-

active bodies, has played in the growth of our knowledge of

artificial transmutation. It is to be remembered too that our
main source of neutrons for experimental purposes is providf'd

by the bombardment of beryllium with a-parti(;los. The amount
of radium available in our laboratories is, however, very limited,

and it was early recognized that if our knowledge of transmuta-
tion was to be extended, it was necessary to have a copious sup-

ply of fast particles of all kinds for bombarding purposes. It

is well known that enormous numbers of protons and deiitcrons,

for example, can be easily produced by the passage of the elecjfric

discharge through hydrogen and deuterium (heavy hydrogen).
To be effe(itive for transmutation purposes, however, these
(diarged particles must be given a high speed by accelerating
them in a strong electric field. This has involved the use of
apx3aratus on an engineering scale to provide voltages as high as
one million volts or more and the use of fast pumps to maintain
a good vacuum.

A large amount of difficult technical work has been necessary
to produc^e such high direct voltages, and to find the best methods
of applying them to the accelerating system. In Cambridge,
these high voltages are produced by multiplying the voltage of
a transformer by a system of condeiisers and re(;tifiers

;
in the

U.8.A. by the use of a novel typo of electrostatic generator,
first developed by van der Graaf. Prof. E. 0, Lawrence of the
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Universityof California has devised an ingenious instrument called

a ‘ cyclotron \ in which the charged particles are automatical!}’

accelerated in multiple stages. This involves the use of huge
electromagnets and very powcirful electric oscillators. By this

method, he has succeeded in producing streams of fast particles

which have energies even higher than a-particles ejected from
radioactive substances. Undoubtedly this type of apparatus
will prove of great importance in giving us a supply of much
faster particles than we can hope to x)roduce by the more direct

methods.
It was at first thought that very high j)otentials of the order

of several million volts would be required to obtain particles

to study the transmutation of elements. Here, however, tlui

development of the theory of wave-mechanics came to the aid

of the exj)erimenter, for Garaow showed that there was a small

chance that comparatively slow bombarding particles might
enter a nucleus. This theoretical coiK^lusion has been completely
verified by experiment. In the case of a light element lik(j

lithium, transformation effects can be readily observed with

protons of energy as low as 20,000 volts. Of course, the possibi-

lity of transformation increases rapidly with rise of voltage.

The study of the transmutation of elements by using acce-

lorated protons and deuterons as bombarding particles has

given us a wealth of new information. The capture of the

proton or dcuteron by a nucleus leads in many cases to types of

transmutation of unusual interest. For example, the bombard-
ment of the isotope of lithium of mass 7 by protons leads to the

formation of a beryllium nucleus of mass 8 with a groat excess

of energy. This immediately breaks up with two a-i)articles

shot out in nearly opposite directions. When boron of mass
II is bombarded by protons, a carbon nucleus of mass 12 is

formed which breaks up in most cases into three a-particles.

The deuteron is in some respects ev(;n more effective than the

X^roton as a transmuting agent. When deutt^rons arc used to

bombard a compound of deuterium, previously unknown isotopes

of hydrogen and of helium of mass 3 an^ formed, while fast

protons and neutrons are liberated. The bombardment of

beryllium b}^ very fast deuterons gives rise to a xdentiful supply

of neutrons. Lawrence has shown that the bombardment of

bismuth by very fast deutc^rons loads to the production of a

radioactivebismuth isotox^e which is identi(;alwith the well-known

natural radioactive product radium F. Many artificial radio-

active elements can be x^roduced oftc'n in great intensity. For

example, the bombardment of common salt by fast deuterons

gives rise to a radioactive isotope of sodium. This breaks up
with a half period of 15 hours, c^mitting not only fast j5-particles

but y-rays at least as peiu^trating as those from radium.

It may well be that in course of time such artificial radio-

active elements may prove a useful substitute for radium in
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therapeutic work. By these methods also, such intense sources

of neutrons can be produced that special precautions have to

be taken for the safety of the operators of th(i apparatus.

Sufficient I think has been said to illustrate the variety

and interest of the transmutations produced by these bombard-
ment methods. It should, however, be pointed out that trans-

mutation in some cases can be effected by transferring energy

to a nucleus by means of gamma rays of high quantum energy
instead of by a material particle. For example, the deuteron

can be broken up into its components, the proton and neutron,

by the action of the gamma rays from radium or thorium. As a
result of the bombardment of lithium by protons, gamma rays

of (extraordinarily high energy up to 17 million volts are strongly

emitted. Bothe has recently shown that these high energy

rays are able to transmute a number of atoms, neutrons usually

being emitted in the process.

Some simple laws appear to hold in all individual trans-

formations so far examined. Nuclear charge is always conserved,

and where heavy particles are emitted, so also is energy when
account is taken of the equivalence of mass and energy. Certain

difficulties arise with regard to the conservation of energy in

cases where light positive and negative electrons are emitted

during transmutation, and there is still much discussion on this

important question.

The study of the transmutation of matter has been extra-

ordinarily fruitful in results of fundamental importance. In
addition to the a-particle, it has disclosed to us the existence

of those two building units of nuclei, the proton and neutron.

It has greatly widened our conception of the varieties of atomic
nuclei which can exist in nature. Not only has it led to the'

discovery of about one hundred new radioactive elements, but
also ofseveral stable isotopes of known elements like ®H, *116, ®Bo
which had previously been unsuspected. It has greatly extended
our knowledge of the ways in which nuclei can be built up and
broken down, and has brought to our attention the extraordinary
violence of some of the nuclear explosions which occur. The
great majority of our elements have been transmuted by the
bombardment method, and in the case of the light elements
which have been most carefully studied, a great variety of modes
of transmutation have been established.

Kapid progress has been made but much still remains
to be done before we can hope to understand the*detailed structure

and stability of different forms of atomic nuclei and the origin

of the elements. I cannot but reflect on the amazing contrast

between my first experiment on the transmutation of nitrogen
in the University of Manchester in 1919 and the large-scale

experiments on transmutation which are now in progress in

many parts of the world. In the one case, imagine an observer
in a dark room with very simple apparatus painfully counting
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with a microscope a few faint scintillations originating from the
bombardment of nitrogen by a source of a-particles. Contrast
this with the largo scale apparatus now in use for experiments
on transmutation in Cambridge. A great hall contains massive
and elaborate machinery, rising tier on tier, to give a steady poten-
tial of about two million volts. Nearby is the tall accelerating

column with a power station on top, protected by great corona
shields—^reminding one of a photograph in the him of Wells’s
" Things to Come The intense stream of ac(»elerated particles

falls on the target in the room below with thick walls to

protect the workers from stray radiation. Here is a band of
investigators using complicated electrical devices for counting
automatically the multitude of fast particles arising from the
transformation of the target element or photographing with an
expansion (ihamber, automatically controlled, the actual tracks

of particles from exploding atoms.
To examine the effect of still faster parti (!les, a cyclotron

is installed in another large room. The large electromagnet
and accessories are surrounded with great water tanks containing

boron in solution to protect the workers from the effect of
neutrons released in the apparatus. A power station nearby is

needed to provide current to excite the electromagnet and the?

powerful electric osciillators.

Such a comparison illustrates the remarkable changes
in the scale of research that have taken place in certain branches
of pure science within the last twenty years. Such a develop-

ment is inevitable, for, as science progresses, important problems
arise which can only be solved by the use of large powers and
c'omplicated apparatus, requiring the attention of a team of

research workers. If rapid progress is to be made, such team
work is likely to be a feature of the more elaborate researches

in the future. Fortunately there is still plenty of scope for the

individual research worker in many experiments of a simpler

kind.

The science of Physics now covers such a vast field that it

is impossible for any laboratory to provide up-to-date facilities

for research in more than a few of its branches. There is a
growing tendency in our research laboratories to-day to specialize

in those particular branches of Physics in which they are most
interested or specially equipped. Such a division of the field

of research amongst a number of universities has certain advan-
tages, provided that this subdivision is not carried too far. In

general, the universities should be left free as far as possible to

develop their own lines of research and encouraged to train

young investigators, for it cannot be doubted that vigorous

schools of research in pure science are vital to any nation if

it wishes to develop effectively the application of science, whether
to agriculture, industry or medicine. Since investigations in

modem science are sometimes costly and often require the use
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of expensive apparatus and large scale collaboration, it is ob-

viously essential that adequate funds should be available to the

universities to cover the cost of such researches.

In this brief survey, I have tried to outline the contributions

to scientific knowledge made in India, and the needs of the

immediate future if science is to play its part in the national

welfare. While the study of mf)dorn science in India is compara-
tively recent, and naturally much influenced by Western ideas,

it is well to recall that India in ancient days was the home of a

flourishing indigenous science which in some respects was at

the time in advance of the rest of the world.

The study of ancient writings has disclosed in recent years

the extent and variety of these scientific contributions. Much
progress was made in the study of arithmetic and geometry, while

the researches of Sir Prafulla Ray have brought to light the

important advances made in metallurgy and chemistry. May
we not hope that this natural aptitude for experimental and
abstract science, shown so long ago, is still characteristic of the

Indian peoples, and that in the days to come India will again

become a stronghold of science, not only as a form of intellectual

activity but as a means of furthering the progress of her peoples.
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THE SOURCES OF ENERGY OF STORMS

During the year we have lost by death ^ one of our })ast

Presidents, J. H. Field, and one of our most noteworthy. He
was first of his year (1903) in Physics at Cambridge, had consider-

able mechanical ability and was a keen promoter of the cause
of meteorology. He had vision and in addition had the character

and personality to persuade a Government to many of his views.

He originated the network of upper air and pilot balloon stations

in India. We, who use the extensive data that have been collected

during the past 25 years, may not often refer to Field by nam<‘,

just be(;ause he was so tlioroughly self-effacing amongst fellow

scientists and wrote few papers himself, but we should not forget

the debt we owe him.
The collection of data of the upt)er air has introduced a

gradual revolution in the study and practices of meteorology

in India, as it has done over the rest of the world. In my owji

experience the forecaster’s methods have altered much. Whereas
25 years ago scanty data regarding cloud furnished almost

the only indications of the ongoings within the ocean of air,

to-day the forecaster has small auxiliary charts of streamlines

for the levels of 1, 2 km. and for a few higher levels up to 6 km,
if low (douds do not intervene. The meteorologist as well as the

aviator has reason to be grateful for these liigh-level charts

which, along with the physical conceptions and methods of

analysis introduced by the Norwegian school of meteorologists,

are helping to lift the practi(;e of forecasting out of its doej)

empirical ruts on to a plane where physical principles are directly

applicable. The empirical stage was inevitable and has not yet

ended
;
and the experienced empiricist could foreciast very

successfully on the whole; but I believe the forecaster of the newer

type will, when he has had the same experience, be better still

and certainly will have found weather forecasting to be a much
more interesting exercise than it used to be. Contrast the man
who is content simply to forecast ‘ rain ’ with one who tries,

' In the spoken address reference was also made to the deaths of

Lord Rutherford and Sir J. C. Bose.

( 29 )
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at the same time, to picture the process of the rain-formation.

The latter sees the physical problem. Will the rain, he asks
himself, be caused by the gradual upward glide of one air mass
over another at a gentle angh', producing steady continuous
rain

; will it be the result of a convective break-through, of the
shower or thunderstorm typo

;
or will it be a gentle drizzle due

to convergence and fall of pressure only ? These are questions
intimately associated with the sources of energy and the kinds of
instability that occur in the atmosphere, questions to which T wish
to devote special attention to-day.

The general theme of my remarks (ioncorns the thermo-
dynamical ap])roach to the study of storms of all kinds, cyclones,

thund(Tstorms, duststorms on the lines laid down by Margules
during 1903 to 1906. At the basis of Margules’ work and there-
fore of all that I have to say, there is the simple enough pro-
position, namely ;— if the whole air mass around and including
a storm can be circumscribed and considered as a closed system,
it should be possible from a study ofthe initial and final conditions
alone to decide the main source of the kinetic energy that has
been created and disj)lay(Ml during the storm’s existence. I am
going to assume for the present that the energy does not come
from the stratosphere,^ which is beyond the scope of our daily
weather charts and even beyond the ordinary reach of our
instruments. Also we shall ignore for the present without
discussion the possibility that there may occur a redistribution
of kinetic energy alone without alteration of any other kind
of energy, one central part of the system gaining in kinetic
energy at the expense of the whole outer field. With these
fundamental assumptions, we can, following Margules, simplify
the discussion of sources of encTgy. The increase of kinetic
energy in the storm’s field must be (explained by a transformation
from some other forms of energy stored within the closed system.
The other forms of energy are the gravitational and thermal
(or internal). Margides previously in 1901 had considered the
contribution from the potential energy of the pressure gradient
only, which is really a fraction of the energy included under the
thermal or internal energy. Can, he enquired, the kinetic
energy of storms be a result of th(» pressure gradients alone ?

If all pressure differenc^es over any area are suddenly abolished,
will the energy thus set free be equivalent to the kinetic energy
generally associated with a storm? His answer, if not his
analysis, is clear enough, namely, this source of energy alone is
quite insufficient. This answer nullifies a theory which had

1 The sources of energy in the stratosphere have not yet been shown
to be comparable in power with those of the troposphere. If the
stratosphere has an important rale hi initiating tropospheric processes
it may act more as a trigger than as a source of energy. In any case, the
more easily observable sources of energy within the troposphere itself
are still awaiting full discussion based on adequate facts.
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been put forward by anotlier great Austrian meteorologist

J. von Hann to explain the energy of tropical storms. Curiously

enough, Hann brought his theory to notice again in NaJture of
3rd March, 1921, but it does not, to my mind, bear (Titical exami-
nation . Now before either the gravitationa 1 or the internalenergies

can decrease within a closed system the stored-iip energy must
be present in a state of instability actual or potential. The
possible diversities of instability, though numerous, are believed

to bo composites of three main kinds, which 1 shall call for

brevity, the vertical, horizontal find latent typos. The vertical

and horizont al types refer to the behaviour of dry air, or fit least

air which is dry enough to remain unsaturated during the (*hanges

considered.^ The latent instability is that which arises from the

hitiuit heat of water vaj^our.

Instability from vertical decrease of entropy

The limit for stability is reached when the vorti(!al gradient

of temperature (or the lapse-rate, as it is ordinarily referred

to in meteorology) becomes that of convectivi? equilibrium, in

which the air temperature decreases upwards about 9'8°C. every
kilometre. The air has then the same entropy everywhere
and no work is done in transferring a unit of it to any other

level. Wherever the air unit is moved, it automatically

changes pressure and temperature to agree with its surroundings.

When this limit is passed, instability sets in. Now liquids in

a jar or strata in the ocean set themselves according to density,

but the layers in the atmosphere always tend to take up positions

according to their entropies—-those of greatest entropy

uppermost. Usually, indeed, the entropy of dry air does increase

upwards. The average lapse-rate is not 9*8®C. but only about

6°C. per kilometre. The best picture of the normal atmosphere

is that stressed by Sir Napw^r Shaw of stratified layers, each

resilient and to a certain dt^gree obstinate and resistant towards

any attempt towards upwards or downward motion of other

masses of air through it. We see evidence of this normal feature

in the tenden(?y of many clouds to form in layers. The degree

of stratification varies and sometimes is pierced or broken down
altogether, usually, as we shall see, by the latent heat of water

vapour, but sometimes over shallow depths by the lapse-rate

exceeding that of convective equilibrium—by this vertical type

of instability, as we have called it. The sun’s heat on the ground

is a potent agent in creating vertical instability. It makes the

surface layer unstable over tropical land every sunny day.

There’s a tendency for this typo of instability to develop, too,

1 This condition is introduced here for simplicity of discussion.

In actual examples air may become saturated, but if originally it has no
convective instability there is no additional instability produced as a
result of the condensation within the closed system.
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whenever the upper layers come from a colder source than tli('

lower layers. Yet, despite its significance as a weakener of

resistance or, as we shall see later, as a kind of trigger, it is not

of pririKi importaiic(* in the study of a storm’s energy, because,

behind it, there is no means of storing up energy. The only

checks to the immediate development of a vertical circulation,

when the lapse-rate passes beyond the dry adiabatic, are the

vis(^ous forces, which in the main body of the atmosphere may
impede the vertical (urculation a little but never help to build

up any important n^servoir of energy.

Instability from horizontal change of temperature.

This second typ(* of instability is exemplified by a warm
and a cold (airrent of air moving parallel to each other. We
are all accustomed nowadays to the notion of the meeting of

a ir masscis from ditterent parts of the earth, of polar air encounter-

ing troj)ical air, or monsoon air (joining into proximity with

continental air. Ordinarily, one might expect two such currents

when brought alongside one another to react immediately.

On a- r(jtating earth however (as Hielmholtz and Margules first

[iroved for us) an ecpiilibrium position (Jan be set up. Any
mass that moves on th(‘ (^arth experienc(‘s, on account of th(‘

earth’s rotation, a force tending to push it to the right. 8o,

if a warm air current is moving relatively past a cold current of

air on its right, it extorts a pressure by virtue of its motion,
which tends to countera.ct the extm yiressun^ or weight of the cold

air. In the positmn of equilibrium the surfaiJc of discontinuity

has a slope that depends upon the relative motion of the two
currents, the latitiule and the difference in temperature, Th(‘

important aspect of this from the point of view of the present

discussion is that here is a means of storing up energy. So long
as the surface of discontinuity is in equilibrium, a large difference

of temperature may be maintained in adjacent air masses.
When the position of equilibrium is broken down by any agency,
perhaps by a pronounced pressure wave, there is obviously
a consid(jrable store of pot(jntial energy readily available for

transformation into the kinetic form of wind and gale, the cold

air breaking through with all the display of a ‘ line squall
’

or ‘ (jold front ’. The Norw(^gian school of meteorologists, under
B. Bjerknes, regard the cyclone of temperate latitudes as a wave
on a surface of discontinuity, the wave partly modifying by its

own energy the kinetic energy already present in the currents

and partly utilizing the potential energy of position to overcome
the viscous forces and to nourish any development that may
occur.

Instability due to Water Vapour.

{a) Convective Instability and WeUhulb Temperature .—^The

third main type of instability arises from the latent heat of water
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vapour and is dependent upon the power of vapour in the atmos-
phere to act as a reservoir of energy. Just as there is a limit

to the lapse-rate of temperature for dry air, so there is a
limit to the lapse-rate of wet bulb temperature, which on
being exceeded is a potential source of energy. This type of
instability has been named ‘ Convective Instability ’ by Rossby,
because a layer with this property will, if lifted adiabatically

and bodily, become saturated and then be in an unstable state,

analogous to the superadiabatic condition for dry air. Kinetic
energy is set free in the stabilizing process, which ensues when
each unit of saturated air seeks to reach its proper entropy
level. I defined convective instability with reference to the
lapse-rate of wet bulb temperature, because in all adiabatic

movements in the atmosphere the wet bulb temperatures
have an importance of their own, and especially so, in those

processes in which evaporation or condensation occurs. The
(ventilated) wet bulb temperature is an interesting physical

entity, worthy of a little more attention than it ordinarily

receives in text-books of physics, where it is treated as a mere
stopping stone towards the determination of relative humidity.

The wet bulb temperature has other practical aspects. When
the householder in northern India keeps his rooms cool in

the hot weather by placing W(^t grass screens on the doors that

face windward, he reduces the dry bulb temperature greatly

but, though he may not alwaj^s realize it, he leaves the wot bulb

unaltered. The value of the wet bulb tomi:)orature lies in it

being a measure (though non-linear) of the heat content of a

mixture of air and water-vapour, taking latent heat into account.

For example, the engineer, when faced with problems of air-

conditioning knows that no purely evaporative method can cool air

at the ordinary temperature to any point lower than the wet-

bulb temperature. If ho has to aim at a lower air temperature

than the wet bulb, he must adopt a different method, insta.1

a refrigeration plant or have a plentiful supply of really cold

water to aid him. The processes taking place at a wet bulb are

adiabatic, though irreversible and therefore not quite isentropic.

The criterion for ‘ convective instability ’, which we shall

consider graphically later on, is of a very general nature. It

takes account of the wot bulb temperature, but none of the

associated relative humidity or of the general stability of tho

air column. The whole air mass may in fact be so stable that

the potential energy of the layer of convective instability may
never be realized at all or, if it is, may be very small in comparison

with the amount of work needed to raise the layer to the point

of realization. Throughout our dry weather season in Poona,

a time of settled weather, the association of ‘ convective ’ instabi-

lity with general stability is a common feature, showing that

convective instability has no necessary association with disturbed

weather, and that, to arrive at a more practical criterion, the

3
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definition of the instability due to water vapour must be narrowed
down.

One interesting feature however of convective instability

is its relationship with the problem of vertical convection or
eddy-conduction of heat or entropy. When convective instabi-

lity exists, we know that the entropy of the mixture, air plus
water-vapour, decreases upward and that turbulence must then
tend to carry entropy upwards. Ifthe presence ofwater vapour is

ignored, one may be tempted to deduce that turbulence works
almost completely towards carrying entropy downwards, because
the lapse-rate is less than the adiabatic. Taking account
however of the latent heat and noting that convective instability
is practically always present in the lower layers of equatorial air

throughout the year and in temperate latitudes in the summer
months, and that turbulence is greatest in the day-time when
the lapse-rate of temperature is greatest, we see that the carriage
of entropy from the ground upwards by turbulence may be a
more important process than it was at one time believed to be.

(h) Latent Instahility .—Refsdal in Norway was the first

to explain clearly certain essential conditions for the storage
of energy by water vapour and introduced the phrase * feucht-
labil ’ to describe the associated type of instability. Almost
simultaneously a slightly different approach was made in India
to this problem. A kind of metastable condition was recognized
and defined as ‘ latent instability \

The importance of th(i latter will become more obvious
when we go on to consider a thermodynamically closed system.
The essential point is this :—let the metasf-able or ‘ latent

^

state be disturbed by a trigger, then the ensuing release of
enc^rgy is large compared witli that supplied by the trigger.
It is an interesting typo of instability because it can develop
behind a V(uieer of stability. It is of the same type as a vertically
expanding pencil standing on end, or analogous to a hydrogen
balloon caught in the corridor of a large hall where it can be fed
with more and more hydrogen, but cannot escape up to the dome
until given a small push. A balloon in this state is stable for
small but unstable for large displacements. So also a quantum
of air in the atmosphere, that is in the state of ‘ latent ^ instability
due to water vapour, will respond to largo but not to small
displacements. The instability may develop in various ways,
for example, in an otherwise homogeneous air mass, if the lower
layers of the air pass over a sea, which is considerably warmer
than the wet bulb temperature of the air

;
or if the air passes

over warm moist soil. Alternatively, convective or latent
instability may arise in a column of air, of which the upper and
lower layere have different origins, the lower layer coming from
a warm moist source. In Bengal one may recognize this condition
in the winds of the hot weather and the nor’wester months,
when the lower winds are from the Bay of Bengal and the upper
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winds from northern India. In general, an oceanic current

in the lower layers appears to be essential for the development
of latent instability in India.

The atmosphere has various means of releasing the energy
of latent instability. Over the land the most common trigger

is the heating up of the surface layers in the day-time, creating

instability of the vertical type. We see the result in the dust-
storms and thunderstorms of the afternoon and evening hours.
Another trigger is eonvergen(;e of air, which acts on the air

layers like the lateral squeezing of a rubber sponge (;ausing

vertical extension and therefore altering the lapse-rate in a
fashion favourable for release of energy. A third type of trigger

is horizontal instability, i.e. the presence of another air mass in the
neighbourhood, which may be shallow and yet by undercutting
the warmer moist air may raise it just sufficiently to overcome
the initial resistance.

Margules; and quantitative estimates of available energy.

These are the main types of instability and we wish to

have a. means of estimating quantitatively their relative impor-
tance in originating storms. M irgules’ thirty-year-old discussion

of this point, particularly on the vertical and horizontal types
of instability, is full and illuminating.

Ji(‘garding the energy available from latent heat of conden-
sation, Margules’ method of approach was interesting but not
sufficiently complete. At one time he concluded from his

quantitative studies that the latent heat of cjondensation had
little iniluence on tlu^ development of a storm and contributed

little or nothing to the sum total of its kinetic energy. In his

finaP (H)ntribution to Meteorology (1906) he conceded some
importance to the heat of condensation in tropical storms,

but not in those of temperate latitudes, and even in the tropical

storms he thought that the ])otential energy dependent upon the

horizontal distribution of temperature would prove to be of chief

importance, only a part of the latent heat of condensation

being transformed into kinetic energy and therefore playing

a subsidiary role.

Margules’ analysis and methods remain the standard to

this day. His papers perhaps have not been studied by meteoro-

logists as closely as they deserve to be ;
they are not easy to

read and the full implications of his analysis are not easy to

grasp. Although he offered approximate simple solutions for

some cases, his main applications to particular cases involved

arduous computations
;
pressures at various heights as well as

all the subsequent computations were calculated with a high

1 He lived until 1920, but unfortunately wrote no more on meteoro-
logical subjects.
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degree of accuracy, because the final result depends upon the

small difference between two large quantities, e.g, between

233*5132 and 233*4140, as in one of his now classical, oft-quoted

examples. The present is an appropriate occasion to recall

some of his examples, because we have seen recently how graphi-

cal methods may be borrowed to clarify and extend Margules’

work, have understood more clearly the conditions under which
latent heat may b(i of great importance in storm development
and my colleagues are using these ideas in certain investigations

in Indian meteorology, in which the general aim has been to

begin once more from fundamental principles with the aid of

upper air observations, and to see if by a comparative study ofthe

initial and final 3-dimensional fields of temperature and humidity
it is possible to conclude which type of instability, vertical,

horizontal or latent, is mainly operative in various typical

situations. If a decision can be reached, it will guide further

investigations and ease the study of the dynamical aspects.

The quantitative discussion that follows of some very
simple types may lead one to think that they are too simplified

to (jover the complex processes of the atmosphere and understate

the possibilities to such an extent that the final conclusion,

whatever it may be, will have little application in nature. The
meteorologist knows the danger of this full well, but the human
mind cannot advance a subject without making abstractions

;

and these particular abstractions are useful and believed to be
adequate. After all, unless we have some clear fundamental
ideas to build upon, it is difficult to discern whether different

workers are discussing matters at cross purposes, or in their

disemssion of complex situations how far they are on common
ground.

In order to express Margules' main results graphically,

it is necessary to include the use of a type of diagram, adapted
for meteorological computations, in which area is proportional
to energy. It may be a p-^ diagram, or 7 -log p, or log T~T
log p, or a temperature-entropy diagram.

The temperature-entropy diagram or iephigram.—1 choose
the temperature-entropy diagram, for the mett^orological form

FIG. I.
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of which we are indebted, along with so many other ideas,

to Sir Napier Shaw. Meteorologists are familiar enough with
this form of the temperature-entropy diagram, briefly called

the tephigram
; as others may not be, I must introduce a brief

description of it here. The ordinate is entropy of dry air,

increasing upwards, and the abscissa temperature increasing

to the right. Isothermals are vertical lines. Isentropics like

AC and FD of fig. 1 are horizontal. Now entropy is a function

of pressure and temperature. So, isobars are also entered on the
diagram. They are almost straight diagonal lines (e.g. AF,
KE, HD of fig. 1) representing values of pressure that decrease

towards the top left hand corner. The pressure and temperature
of a unit of air being known, it can be represented by a point

at the intersection of the appropriate isobar and isothermal.

The entropy can then be read off, if required.

Before going on to the (Jisenssion of stability, let me show
a less sketchy form of th('> tephigram in a guise, in which it is

used for much aerological work, particularly for entering aero-

plane ascents. To illustrate the extent of the diagram and how
and where observations appear on it I have entered strips,

representing the normal variation of the mean daily temperature
of Calcutta, Darjiling, top of Mt. Everest (conjectural, of course),

London, Sonnbli(;k at 3000 m. in the Alps and some temperatures

taken near the bottom level of a mine in the Kolar Gold Fields

(Mysore)
,
when the ventilation was good. 1 enter the observations

of the bottom of a deep mine, as a reminder to ventilation

engineers that (charts like these offer an alternative method
of approach to ventilation problems and allow the actual dry
and wet bulb t(imp(^ratures down a shaft to be compared with

those theoreticially obtainable when air is driven down the

shaft adiabatically.

This diagram also (jontains curved lines, almost at right

angles to the isobars. Those indicate how the effect of the latent

heat of condensation is allowed for on a temperature-entropy

diagram. It is an adaptation of the graphical method introduced

by H. Hertz 53 years ago. Ascending saturated air forms

cloud and so gets a contribution from latent heat to lessen its

lapse-rate. Accordingly, the fall of temperature from isobar

to isobar is less on the saturated adiabat than on the dry.

The isentropies of a saturated mixture therefore appear as

these curved lines (r/. AK, FH, EG of fig. 1). We may label

them as the family of A^'-(;urves and remember that they are

related to the entropy of moist air, i.e. the entropy of a mixture

of air and vapour, of which the latent heat is taken into account.

Now, when air is saturated, the wet and dry bulb temperatures

are identical. Hence an ;i§-curve traces the course of the wet,

as well as of the dry, bulb temperatures of saturated air in adia-

batic movements. To a certain degree of approximation,

sufficient for practical purposes, they trace also the course
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of the wet bulb temperatures in all adiabatic movements, even
when the air is not saturated. Another function can be defined

that has an exact relationship with the ;$-curves, but we make
use, in what follows, of the approximate correspondence with
wet bulb temperatures, because the latter are familiar to us all,

and ordinarily available in meteorological practice. For the
discussion of questions of stability, when condensation or eva-
poration is part of the processes at work, the wet bulb tempera-
tures as well as the dry are entered against the appropriate
pressures on the temperature-entropy diagram. Here, for

instance, is how soundings representative of average conditions
in January and July at Agra appear on tephigram paper, both
dry and wet bulb curves.

One more point concerning these /i^-curves. Each can be
given a number corresponding to the point where they cuf
the standard pressure. This value represents the wet bulb
temperature of the unit of air, if reduced to standard pressure
and so is called the ‘ wet bulb potential temperature —a most
useful funcition in meteorology, because it is an invariant in all

adiabatic pro(;eHses, even if evaporation or condensation occurs.
Energy from vertical instability {discontinuous change ).

—

Mathematically the simplest (;ase of vertical instability to consider
is one in which an air mass of entropy is superposed above?
another of entropy Sj where Si is greater than H2 ,

the whole
forming a closed systenn with a frictionless piston of constant
weight on top. The maximum release of energy is a(?hieved
when the process is adiabatic and the two layers do not mix but
readjust themselves to the equilibrium position as if each
remained in its own perfectly flexible, frictionless, weightl(?ss
envelope, as if indeed the movement resembles that of the over-
turn of a water-oil system, in which water is originally on top
of the oil and finishes below. The change is illustrated in
fig. 2,^ position (a) changing to position (c). The energy, that

Sz

Sz
S>

s,

Si

Sz

(a) (b> (c;

FIG. 2.

is released during the change, arises from the fall of the centre
of gravity of the system and from a certain decrease in the
internal energy. What does that energy amount to ?

1 These graphical methods can be extended to examples in which
the air columns in fig. 2, a and 6, are not isentropic, but I have not the
time to develop these points here.
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On the tephigram a solution can be given that is both
simple and valid to a high degree of approximation. The
system is represented by (cf. fig. 1)

—

(a) initial condition : AB, representing column Si,

and ED, representing column Sg.

The air temperature of the whole column is represented

by ABED. When this overturns adiabatically, the air in

Si retains its entropy, so that AB moves up to BC. Similarly

the layer ED moves down along the isentropic to FE. Hence

—

(h) final condition : FE, representing column S2 ,

and BC, representing column Sj.

Now the tephigram is ordinarily intended to indicate the work
done by or on a unit mass of the working substance. The lines

AB and ED in this instance give us the environment within
which the particles give up or receive their energy. It is easy
to see that the first upward moving unit and the first downward
moving unit each gain energy corresponding to one half the area

AGDF. Other particles gain less energy. To integrate the

energy for the whole mass, we may imagine an ordinate perpendi-

cular to the paper (in fig. 1) representing mass. The total

energy is given approximately by the volume of a wedge on the

base AGDF, with edge uppermost and at a height of j&/2, ifM
is the total mass. Hence the total energy is (MjA) X (area AGDF),
and the average energy per unit mass, obtained by dividing

the total by M, is j-th the area AGDF. When the height of each
column is 2000 m. and the difference between them at the

discontinuity is 3°C. the average kinetic energy computed from
the tephigram is 14*7 m.p.s. (or 33 miles an hour) compared
with 14*85 m.p.s. computed more laboriously by Margules.

It is quite obvious that all units will not gather the same
amount of kinetic energy,—^some will have more, others less

—

and that a proportion will be dissipated during the movement
by eddy viscosity, which in turn introduces irreversible and
inefficient changes, decreasing the available energy. The 14*7

m.p.s. represents a maximum value for the average velocity that

can be produced by the change. So also in all the following

examples, only the muximum possible value of the average

velocity will bo mentioned ;
and all the processes of mixing and

turbulence that lead to gain of entropy and loss of available

energy are consciously neglected here.

This type of vertical instability, with discontinuous change

from lower to upper layer, is mainly of theoretical interest.

It has its chief value in leading on to the ready calculation

of energy from other types of instability.

Energy from Vertic^ Instability (continuous linear change).

—

is type of vertical instability that is more frequently encountered

A that with continuous change of lapse-rate. For example,

under strong sunshine a superadiabatic lapse-rate is generated
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near the surface of the ground. Entropy decreases upwards

and therefore the condition is represented on a tophigram by

a curve sloping like AD (fig. 1). The ideal stabilizing of this

condition is attained by each layer seeking its proper entropy

level, i.e. by unit partic^le from A moving adiabatically to C,

unit particle from D to F, and in fact the lapse-rate AD changing

to OF. Integrating the realizable energy in the same manner
as before, we find the total energy to be equivalent to the volume

ofa pyramid of height Mjl upon the base ACDF, or (-3//6) Xarea

ACDF. Dividing this total energy by M we got the average

energy per unit mass to be equivalent to l/6th the area ACDF.
As a numerical example, consider a layer of depth of a kilometre

with a vertical lapse-rate of 12*^0., which is 1*23 times

the conv(K;tively neutral rate
;
the tephigram tells us that the

overturning of the layer can give rise to wind averaging 10

miles an hour. Instability of this type is known to give rise to

turbuleiKKi and small convection columns.

Energy from Horizontal Jnsiahility (discontinuous change ).

—

Suppose that a vessel, with a vertical partition, contains two
equal air masses, side by side, each of constant entropy, the

values of entropy being Si and Sg respectively, where Si>S2 ;

again, there is a frictionless piston of constant weight on to]).

When the partition is removed, the mass Si flows on top of the

mass Sg with release of energy which can be computed graphically

as before. But th(^ approximate solution can be seen more
readily and immediately by glancing again at fig. 2. Our first

example of vertical instability was of the type (a). Tlu^ prestnt

example of horizontal instability is (b). Both lead (ideally)

to the final position (c). Now {b) is obviously a half-way house
in the change from (a) to (c). So, if the change from (a) to (c)

could release, at the maximum, a kinetic energy per iniit mass
equivalent to a certain area on tlu^ tephigram, then the change
from (b) to (c) will release energy equivalent to oik^ half of that
area. To go back to fig. 1 ,

ifAG and FD represent on a tephigram
the two air masses lying side by side, the average kinetic energy
released when the system passtis over to the stable state is l/8th
the area ACDF. Expressed in numerical values the velocity
that may be generated from two air masses 3 km. high and with
10°C. difference in temperature averages 17*3 in.p.s., while
masses 6 km. high with same temperature difference get average
velocity of 25*8 m.p.s.

Energy of Horizontal Instability (continuous linear change).-—
The partition between a hot and a cold air mass, lying alongside
one anotlier, may not be and usually is not discontinuous. If
the change of potential temperature from the one to the other
is continuous and linear, it is again possible to see what the
approximate solution must be, when entropy varies horizontally
only and not vertically. Let us look at fig. 3. We want to
know the energy released in passing from position (6) to position
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(c). Now (5) is obviously the approximate half-way stage
between the vertically unstable position, of superadiabatic

(a)

FIG. 3.

JSiL

(c)

lapse-rate, (a) and the stable position (c). Wo have seen how
to calculate the kinetic energy arising from the change from
(a) to (c). The change from (5) to (c) must bo half that amount.
For example, if in fig. 1 the column of air at one end of the
continuously changing zone is initially represented hj AC and
at the other end by DF, the average change in kinetic energy
can amount, at most, to the equivalent of ^ X J X the area ACDF
by the time the final stable position is reached. Incidentally

this result shows up clearly the limitations of the method.
The available energy depends only on the two end values of
entropy Sj and (fig. 3 6), and not on the distance apart of
Sj and Sg. But the actual velocities immediately generated
will in fact be very dilferent when 8i and Sg are poles apart

and when and Sg are near together—^within a closed system
that covers only a few degre^es of latitude. In the former,

the time factor is overwhelming and turbulence and eddy motion
totally prevent any approximation to the velocities calculat(^d

in this fashion.

Energy from latent instability.

On the tephigram ‘ convective instability ’ is recognized

immediately in any layer from the slope of th(i wet bulb curves

being less steep than a saturated adiabatic or /^-eurve. How
such a layer responds to adiabatic lifting in the atmosphere is

illustrated on a tephigram. To recognize ‘ latent instability
’

one must examine the dry bulb curve also
;
both dry and wet

bulb curves must be less steep than, and bo cut by, one and
tlui same #$-curve. For real latent instability the amount of

work to be done to a unit particle in order to raise it up first of

all to condensation level and beyond to the equilibrium point

must be less than the energy gained by it in the succeeding

buoyant stage (as illustrated).

To gauge the possible importance of latent instability

lot us try to estimate, by a brief study of a somewhat extreme
example, how much kinetic energy can, at the maximum,
be produced by latent instability alone, unassociated with
other types of instability. I am going to assume, as our closed
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system, a column of air with a dry bulb temperature of 100 F
at ground level, an adiabatic lapse-rate of temperature up to

8 km. and a large inversion of temperature at that level. The

assumption of an adiabatic lapse-rate through so great a depth

of atmospliere is an exaggeration that is countered to some

e‘Xtcut by the amount of the assumed inversion. In fig. 4,

tlu‘ air temperature is represented by the line AF and the inver-

sion by FE. Now it is a matter of observation that different

air masses with different past histories may have the same air

temperatures but diff(»rent humiditi(‘s. We c‘an picture one

such air mass (e.g. in fig. 4, AF and JF being the dry and wet

bnlb curv(is) with insufficient humidity and without latent

instability, in whi(‘h there is no release of mechanical energy
on re irrangement of the air column. Another air mass with
the same air temperature may be pictured to have a large amount
of latent instability, i.e. with much higher wet bulb temperature
in the lower layers (e.g. in fig. 4 BCGHF, instead of JF may be
the wet bulb curve). If the lower half of the mass of air ascends,
much cloud and rain is produced, and the rearrangement is

accompanied by a great release of kinetic energy. If we imagine
the descending air to be unaffected by the falling rain, the
maximum energy that may be generated is represented by the
volume of a simple solid figure on the base CEF (model shown),
which when averaged over the whole mass is equivalent to
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a hurricane of 80 miles an hour, the final state being represented

on the tephigram by dry bulb curve EDOAy wet bulb curve
EDOHJ. It is a remarkable fact that a change in the lower
half of the wet bulb curve alone without any other change
at all has raised the theoretically possible wind from zero up to

hurricane force. Enormous though that change is, it does
not express all the theoretical possibilities of ‘ latent instability

In the above calculation the descending air maintains its original

water content. Suppose however that, in a manner apparently
analogous to, yet in principle different from, the demon of Clerk

Maxwell, the spirits or sylphs of the air wore clever enough to

arrange for each descending unit to take full advantage of the

falling rain. Each sylph would be under orders to make the

most of but not to transcend the laws of thermodynamics.
Each sees its unit of air saturated and cooled to the wet bulb
temperature in situ before allowing it to begin to fall and then
takes care to keep it saturated by rain throughout the descent.

Under these conditions the descent takes place along an /$-curve

not along a dry isentropic and the coldness and density of each

unit, relative to its environment during descent provide another
great source of energy. The final condition is represented by ;

—

dry bulb (?urve

—

EDOHJ. wet bulb curve

—

EDOHJ

.

Making a simple (uilculation on the tephigram (model exhibited) ^

we see that descending saturati^d air can (in theory) contribute

as much to the available energy in this case as the ascicnding

air. That is, the over-turn of the air in the closed system can,

if the process is conducted with maximum thermodynamic
efficiency, give rise to a wind averaging 115 miles an hour through-

out the air column.
The above is an imaginary example and an extreme case.

A more practical case may perhaps be illustrated by entering

on a tephigram the typical monsoon curves of dry and wet
bulb up to 3 km. (using July averages for Poona) and curves of

continental air at higher levels (using April averages for Agra).

The available energy from this combination suffices to provide

an average velocity of 50 miles an hour distributed throughout

the whole system, if evaporation from rain is not taken into

account, and over 60 miles an hour, if it is. In practice, of course,

turbulence, the mixing of air at different temperatures, and
other irreversible changes intervene. Even so, it is obvious

that we are dealing here with a source ofenergy in the atmosphere
that may suffice to produce as much kinetic energy as is displayed

in storms. This source of energy is particularly prevalent in

the tropics, where latent heat is more of a reservoir of energy than

in temperate latitudes, because of the increase of vapour pressure

1 The total energy from descending air is represented by an irregular

wedge-shaped figure on the base APJ^ the top of the wedge being verti-

cally above QH.
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with temperature. It may be said that this is a very old idea.

I agree, but it is one on which we have new light. I think
I am right in saying that the fluctuating history of the condensa-
tion theory of storms, sometimes in fashion and sometimes out,

has been partly due to two facts, first that the exact conditions
of storage of latent heat as potentially available energy were not
clearly realized before the present decade and secondly because
no adequate estimates of the energy realizable within a closed
system through the agency of this typo of instability alone
have, until quite recently, been available.

Thunderstorms and duststorms.

The point that we have just examined regarding tlje

possible release of (uiergy from descending air is of special

interest, when we pass on to the application of these quanti-
tative methods to examples of duststorms and thunderstorms.
The general tendency in meteorological practice to neglect
consideration of the descending air is easily understood, because
cloud and rain force special attention upon the ascending air.

When howevcT the quantitative examination of energy is

attempted, wd must treat the thunderstorm or duststorm and
its surroundings as a closed system. We must picture to our-
selves what happens to the dostjending air and cannot remain
content with the conventional diagram of the ‘ heat ’ thunder-
storrn in which the lowest layers of one kilomedn; in depth
nourish the thunderstorm cloud up to a height of 9 kilometres.
As the cloud advancjes its groat capacity continiKis apparently
to be fed from the lowermost layers, but no sufficient com-
pensating down-current is shown. The conventional picture
does not show what happens to the great column of air from
1 to 9 kilometres which is displaced by the cloudy air. The
downward current that is depicted just behind the roll or squall
cloud in the conventional diagram has an origin that is always
apparently in the lower portion of the cloud and in essence
therefore signifies a return to earth of the air that was originally
there. There is a serious difficulty in this. If an original state
of instability (laused the surface air to rise, it is reasonable
to suppose that most of it will tend to remain aloft having moved
of its own accord to a level where it will find stability. Also
air that travels the cycle up through the cloud and down again
to earth should arrive at ground level with its wet bulb tempera-
ture unchanged if the cycle is adiabatic, and, in any case, with
very little change in wet bulb if the cycle is rapid (as it is in a
thunderstorm). Hence the low wet bulb temperatures are
not explained by any vortex-like return to earth of surface
air, even if it is rain-drenched in the process. Normally, in
meteorological theory one is chary of allowing air to descend.
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unless it is pushed down under the agency of an outside force

or at the expense of some available supply of energy. Now
quite strong evidence, though not yet complete and overwhelm-
ing, has been collected in India recently to show that latent

instability is a normal percursor of all ‘ heat ’ thunderstorms
and duststorms. The tephigram tells us that efficient use of the
instability requires an active, self-accelerating downward current,

not merely a passive descent. The downward current is one
of the most noticeable features in severe thunderstorms and
duststorms, bringing with it the strong squally wind of great
dust-raising power and sudden drop of temperature just before

the rain begins. From what height docs that downward current
come ? We don't know yet. But all this suggests a somewhat
different picture for tlie ideal, (iffieient self-propagating thunder-
storm, one in which rain-drenched descending winds play their

part, as would streams of wat(‘r of varying temperature debouch-
ing from a multi-channelled eircaiit, the hott(^st stream from the
lowest channel and the coolest on top. We can picture continuity

in the stream flow, although the topmost layer finishes below.
It may be, of course, that many of the convective storms in

nature have no great thermodynamic efficiency. We need
much more information with regard to that point from balloon
observations. The descending movements (jcrtainly need more
investigation. The simplest theory to work to, in the absence
of further knowledge, is to imagine that low wet bulb temperatures
after a storm are carried down by air that descends without
change of W(‘.t bulb potential kunperature (i.e. the wet bulb
temperature descends along an /^-curve). The comparatively
few observations that are available give heights of anything
up to 4 or more kilometres for the level from which air may
liave descended during thunderstorms. In this way it is possible

to explain (;ertain low wet bulb temperatures after storms
that cannot be explained by any horizontal advection of air.

If a local heat thunderstorm can develop its own downward
current, it can create its own cold wave which acts as the trigger

to continue the action in the direction towards which the storm
is moving. This type of cold wave is different in origin from
that arising from the state of ‘ horizontal instability ’ discussed

above. It comes from the upper air and is a direct consequence

of the initial latent instability.

Several workers in India have been studying the problems
of dust- and thunder-storms in recent years, but always one
feels the lack ofthe right observations . We want the observations

from a number of places in and around a storm field before,

during and after the storm. Unfortunately we cannot control

the storm as a physicist controls a laboratory experiment and
the hundohast needed to get all the necessary special observations

is expensive. We have not been able yet to achieve our desire,

but even the clearer perception of an objective is a gain.
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Cyclones.

(
18)

In this city where the word ' cyclone ’ was first invented

and used by Henry Piddington 90 years ago, it is scarcely fitting

to close this address without a more specific, even if it must be a

brief, mention of tropical cyclonic storms. Piddington, after a

training in the Mercantile Marine, became Curator ofa Museum in

(Calcutta and Secretary of the Asiatic Society of Bengal. He
seems to have used the word ‘ cyclone ’ first of all in his

seventeenth memoir on storms, which was j^ublished, as all his

memoirs were, in the Journal of the Asiatic Society of Bengal.

There’s a stroke of genius in the suggestiveness of the word
* cyclone ’

; while his book for mariners about the laws of storms

was of great practical value to seamen of all nations. Since

Piddington’s day many able men have studied the cyclones ^f
the Bay of Bengal, notably H. F. Blanford and J. Eliot, but the

essential requirements, or, as the mathematician would say, the

necessary and sufficient conditions for the formation of a cyclone

still elude us.

The forecaster builds up his impressions from his day-to-day

experien(H\ For the development of most, at least, of the major
cyclones he is convinc'od of the importance of the presence of

two or more distinct air masses over the Bay. Further, he

expects the storm, if it does form, to develop on the zone of

partition between two air masses. The partition may not,

generally does not, show any sharp discontinuity and may only

be a zone of gradual change. Another undoubted item of im-

portance in cyclones is the water vapour, exhibited by the rainfall

and by the rapid decay of the storm whenever the rich source of

vapour is cut off. Tlu^ first item suggests horizontal and the

latter latent instability as important sources in (jycloncs, which
in a sense takes us no further forward than a (‘('ntury ago, when
such theories were first put. forward. We may have formed our
own opinions but have not yet proved conclusively which is the

more important type of instability ; we don’t know yet whether
sufficient latent instability can develop within a single homo-
geneous air mass to nourish, say, a cyclonic storm of the monsoon
type or a cyclone that is transmitted as a depression in the
upper air from the China Seas to Indian waters and there

re-develops. The final verdict may be towards some reconcilia-

tion of the two old opposing theories of condensation and juxta-

position, on the lines that the zone of partition between two air

masses is, in favourable conditions, the seat of most intense

latent instability [cf. the example already cited on p. 15 of
latent instability formed by monsoon air below continental

air]. Undoubtedly, the energy is sometimes there in great
quantities, on and near a partition zone, ready to take part
in cyclonic development, if it can be organized. The latter is

the side of the problem that the methods of thermodynamics
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do not touch. How is the release of energy organized into the

cyclonic form out of the other form of release, namely, that of

local thunderstorms and frequent lieavy rainsqualls ? The
answer to this question will require the application of hydro-

d5mamioal as well as thermodynamical methods. To explain

European cyclones, the Norwegian meteorologists in recent

years have sketched a theory of unstable waves of groat wave-
length of the order of 1000 km. developing under the forces of

gravity and of earth’s rotation on a frontal surface separating

air masses of different densities. When however latent instabi-

lity is the main source of energy, the differences of density are

less and the same theory may not apply at ail or may require

to be greatly modified.

To settle tlio thermodynamical question, we need to be able

to measure the humidity of the upper air as accurately as the

temperature and then we have' to gather upper air observations

of temperature and humidity from the shores of the Bay of

Bengal, if not from the sea area itself, before, during and after

cyclones. Collecting adequate data costs money and at present

we must go slowly, but we arc ever hopeful that in time we
shall have the data and find the solution. The Bay of Bengal,

with its cyclones, is ever our challenge.
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Presidential Address

A SURVEY OF RECENT ADVANCES IN MAGNETISM
RELATING TO CHEMISTRY.

1 offer my most cordial thanks to the organizers of the
Indian Science Congress for electing me President of the
Chemistry Section of the Congress in the Jubilee year. It is

for the second time that Calcutta has so honoured me and I am
deeply conscious of this privilege. An honour like this is in

itself an occasion for sincere pride, but it becomes particularly

welcome when it comes from Calcutta, the cradle of the still

young school of chemistry in India. Its value is further enhanced
by the knowledge that I owe my elevation to this position to the

self-abnegation of Acharya Sir Praphulla Chandra Kay. It is

not for the first time that he has practised this kind of self-denial

—^his life is, indeed, a long poem in self-sacrifice.

This meeting is a great occasion in the history of the Indian

Science Congress, not only because to-day it can look back
on twenty-five years of proud and varied achievement, but
also because we have to-day in our midst some of the most distin-

guished scientists of the world including representatives and
members of the British Association for the Advancement of

Sciences. On your behalf and on my own I extend a most cordial

welcome to them. Their presence here to-day proves that in the

world of sciencjo there are no barriers between the East and the

West, that science can transcend racial, political and economic

boundaries and that scientists all the world over are a fellowship

dedicated to the pursuit of truth, to the service of humanity and
to i he cause ofgood friendship.

I am afraid that the subject ofmy address to-day—^A Survey
of Kecent Advancers in Magnetism relating to Chemistry

—

has only a rather specialized interest. But I have dared talk

about this subject only, because I have been deeply interested

in it for a number of years. Nor am I a lonely worker in

this field. Many investigators all the world over have made
this subject their own. Even in our own country there has

been no dearth of workers in this field, and without making
any invidious distinctions, I may be permitted to mention
the names of Raman, Bose, Krishnan, Mata Prasad, K. N.

( 49 )

' 4



50 Pari I/, Presidential Adireaaea, (2 )

Mathur, Rai-Chaudhuri and Bhagawantam. In the international

field a void has l^en created by the sad death of Lord Rutherford,

as distinguished in the domain of Physics as in that of

Chemistry, and with almost superhuman powers of discovering

men of genius like Kapitza. Then there are Langevin, Weiss,

Gerlach, Van Vlock, Pauling, G. N. Lewis, Stoner, Cabrera and
Honda, who have enriched the science of magnetism. Though
many of us have not met each other in the flesh, yet there are

subtle bonds of common scientific interests between us. It is

enough that all of us are workers in the field of magnetism. It is

this community of interests that holds so many of us together.

Indeed, it may be claimed with some justification that

it was a magnetic instrument that brought the East and the West
together for Vasco da Gama, when questioned by his Emperor
as to what helped him most in his voyage of exploration to the

East, said without a moment’s hesitation that it was the magnetic

needle that had wrought the miracle.

Since the classification by Faraday^ of substances into

the now well-known ferro-, para- and diamagnetic groups and
his classical researches on magneto-optics, the subject of magnet-
ism in relation to chemistry has attracted considerable attention.

Perkin * in a series of extensive investigations established the

intimate relationship between the magneto-optical rotation

and chemical constitution, while Curie,® Honda and Owen,^
and Pascal* directed their attention particularly to those

investigations which involve measurements of the magnetic
susceptibility.

Necessarily the developments in magneto-chemistry have to

look up to theoretical advances in magnetism for the accurate

interpretation of experimental facts. Thus this subject received

a fresh orientation when, after the experimental demonstration of

the existence of the electrons as the constituents of the atom,
Langevin ® gave a theoretical interpretation of dia- and para-
magnetism. He deduced for diamagnetic gram-atomic suscep-

tibility an equation

6mc*

and for paramagnetic susceptibility
3ET^

These equations are fundamental, though they apply strictly
only to very simple molecules. The temperature independence
of diamagnetism and the Cune law follow as simple conse-
quences of the Langevin theory. For paramagnetic substances
<7 gives the value of the saturation moment Nfx which may be
expressed in Weiss units.

Further extensive work on the magneto-chemical measure-
ments, however, led to the conclusion that a large number both
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of dia- and paramagnetic substances depart considerably from
the behaviour predicted by these equations. The susceptibility

ofmany diamagnetics varies with temperature while that ofmany
paramagnetics increases with temperature or is constant. Again,
for a considerable number of paramagnetic substances the value

a*
of is not given by Curie’s equation or by the Weiss

a*
equation - for all temperatures, the relation breaking

down specially at low temperatures. The agreement between the
calculated values on the Langevin equation for diamagnetism and
the actual experimental values is less satisfactory when molecules
containing a largo number of atoms are examined. Empirical

correction factors depending upon the number of atoms in the
molecule have, for example, to be introduced into the simple
Langevin equation for calculating the susceptibility values

ofelectronic isomers.^

These and many more difficulties about the behaviour of

atoms, molecules, ions and complexes began to multiply as

further data becjaine available. A new light was thrown on
these problems when on spectroscopic considerations Bohr
introduced quantum concepts into the theory of the electronic

structure of the atom which finally culminated in the formulation

of the quantum theory. In this theory an electron on an orbit

can be defined by four quantum numbers, viz. n, the principal

quantum number
;

I, the angular momentum of the electron
; w/,

the magnetic quantum number ;
and the spin. The magnetic

quantum number mi represents the component of the angular
momentum in the direction of the field applied. This component,
which is quantized, has 2Z+ 1 values. The resolved value of the

spin of the electron has the value ± J and is measured in terms of
h

the quantum units ^ of the angular momentum. The electron

spinning on its axis is equivalent to a circular current possessing

eh
a magnetic moment of units. For one gramme-molecule

this amounts to 5564 gauss X cm. This unit is known as the
Bohr magneton and is now universally employed at least in

theoretical discussions instead of the empirical Weiss magneton.
It follows that atoms and ions which possess a resultant

spin or orbital angular momentum show paramagnetism, and
diamagnetism is only found in such atoms as have neither spin

nor orbital momentum, i.e. possess only completed shells or
sub-shells. The matter is more complicated, though not funda-
mentally different, in molecules. Here we have to distinguish

between two kinds of shells, the ‘ atomic orbitals ’ and the
‘ molecular orbitals ’. The atomic orbitals are the inner shells

of the atoms participating in the formation of the molecule.
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They belong to a particular nucleus and remain practically

unaltered, the interaction between those belonging to different

nuclei being negligible and that between them and the molecular

orbitals being reduced to a mere scTeening effocjt. Therefore

they are of no aticount in deciding whether a molecule is para-

magnetic or diamagnetic. The molecular orbitals are formed

by the valency electrons of the atoms participating in the forma-

tion of the molecule which are under the influence of two or more
nuclei.

In diatomic molecules the quantum number A characteristic

of those orbitals does not measure the orbital momentum itself,

as does I (or L) for atoms, but measures its component in the

direction of tlie molecule axis. The molecular orbitals are com-
plete with 2 or 4 electrons respectively. If a diatomic molecule

with an even number of electrons contains only complete orbitals,

both spins and A’s are (;ounter-balan(;(Ml, and it is diamagnetic.

If a molecule has an odd number of electrons, at least one

orbital is bound to be incomplete, the spins cannot be counter-

balanced, and the molecule is paramagnetic. If a diatomic

molecule has an even number of electrons, but not complete
molecular orbitals (e.g. when an orbital, whose maximal popula-

tion is 4, contains only 2 electrons), both diamagnetic and
paramagnetic configurations are possible, and a consideration of

each individual case is necessary to determine wheth(ir the

ground -state is paramagnetic or diamagnetic?.

The matter is still more complicated in polyatomic molecules.

This is not the place to deal in detail with this extensive

subject, but it may be said briefly that molecules with an (?V(m

number of electrons and no free valencies are diamagnetic,

and that molecules with an odd number of electrons are para-

magnetic. Since a free valency is caused by an electron, whose
spin is not counter-balanced by that of another electron, and
since therefore a free valency is always accompanied by para-

magnetism, also such molecules with an even number of electrons
are paramagnetic as contain an even number of free valencies,

as, for instance, the bi-radicals.

Such considerations led to a rational interpretation of the
data which had accumulated on the subject. For exfimple, the
values of the magnetic moments of atoms, as observed by Stern-

Gerlach technique, received an immediate interpretation. The
behaviour of some of the complexes, the Bohr magneton values
of rare earth ions, the diamagnetism of rare gases and of a

large number of organic compounds and ions of the typo Na‘,

K*, Sr**, Ca**, F', Cl', S", etc. were all satisfactorily explained.
The important gaps such as those in connection with the
susceptibility results of the ions of the first transition series,

which still remained inexplicable on the simpler theory, were
gradually filled in, notably by such theories as that of Stoner,



(5) Section II, Chemistry, 53

who introduced the concept of a crystalline field arising out of
the interaction between ions and the surrounding molecules.

A new outlook was given to the subject by the development
of wave mechanics. This resulted in a number of attempts to
modify and extend the Lang^vin equations on the new basis,

notably by Van Vleck,® with a view to the correlation of a wider
range of experimental facts.

In the Langevin equation for diamagnetics, the principal
difficulty lies in fixing the value of the radius of the electronic

orbit, particularly for a complex ion where the nuclear change
is rendered much less etfe(;tive on account of the screening
effect of the electrons in low(ir levels. Pauling,® Slater,^® Stoner,
Angus and others have developed theoretical methods for cal-

culating the value of the screening constants, or, more generally,

of the charge distributions in atoms and ions, and have obtained
satisfactory values for the magnetic susceptibility by introducing
the figures into the fundamental equations. Thcs(^ modified
equations, however, though in themselves a great advance, fail

to give in many cases a completely satisfactory agreement with
experimental facts.

Refinements have also been introduced into the Langevin
equation for paramagm^tics and attempts have been made to

explain the feeble paramagnetism independent of temperature
exhibited by some substances. According to the views of Van
Vleck, paramagnetism in a system is made up of three terms,

viz. (a) a contribution of the low fnquency matrix elements to

paramagnetism identical with the Langevin formula and depend-

ent on temperature, (h) the contribution of high frequency

ekmient to paramagnetism independent of temperature, and
(c) underlying diamagn(*tism independent of temperature. This

treatment of paramagrudism refers only to atoms with Russell-

SaundcTs (L-S) coupling. For different normal states of the

atoms, the angle betweem L and S would be different, necessitating

a different magnetics moment for these states. The theory of

Van Vleck is capabhi of taking these facts into consideration

and thus constitutes a distin(;t advance on tlu^ original Langevin

hypothesis of a systtim possessing a permanent moment.
In this necessarily brief and mainly chemicjal treatment

of the subject it is not possible to refer at any great length

to the fascinating subject of fi^rromagnetisrn which is exhibited

by iron, cobalt, nickel and a number of sjK^cial alloys and steels

at ordinary temperatures. A number of attempts, especially

by Heisenberg, Bloch,^® Stoner,^® Mahajani,^^ Gans,'® Akulov,^®

Becker,^® Dorfmann*^ and others have been made to explain

this behaviour and are fully described in various text-books. Of
special interest to the chemist, however, is the very common,
small and approximately constant paramagnetism of metals and
alloys which has found interpretation in terms of the properties

of collective electrons.
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The rapidity with which the subject of magnetism in relation

to chemistry has grown, may be judged from the fact that three

books ** on the subject have appeared during the years 1934-35.

Even in the short period which has elapsed since the appearance

of these books, there has been an almost encyclopeedical output

of work on magneto-chemical problems. Like any other healthy

and growing subject, advances in this field have reacted on the

contemporary subjects and the contemporary advances have in

turn been responsible for fresh developments in magneto-
chemistry. In this survey the subject of magneto-chemistry
has been treated under the following heads :

—

1. Magnetic moments and nuclear chemistry.

2. Magnetic properties of free atoms and molecules.

3. Magnetic properties of elements.

4. Molecular diamagnetism.
5. Paramagnetism of molecules, free radicals and bi-

radicals.

6. Polymerization.

7. Magnetic properties in relation to phase equilibrium.

8. Influence of the magnetic field on homogeneous and
heterogeneous equilibria.

9. Catalysis and magnetic properties.

10. Magneto-optical analysis.

1 1 . Photomagnetic effect.

1. Magnetic Moments and Nitoleab Chemistry.

With the discovery of the neutron and the positron as

definite physical entities, Heisenberg’s theory of the neutron-
proton constitution of the nucleus was put on a firm experimental
basis. The older theory of proton-electron constitution of the
nucleus had to be rejected on the consideration of {a) the
application of Bose and Fermi statistics, (6) the size of the
electron wave function, and (c) the impossibility of a potential
barrier sufficient to keep the electron inside the nucleus.
If both the protons and the neutrons be supposed to have a
mechanical spin 1/2, then the resultant of nuclear spins for an
atom (protons and neutrons constituting the nucleus) will be
integers or half integers, according as whether there is an even
or odd number of elementary partifdes. This conclusion from
the vector model of the quantum theory is in accord with the
observation. Furthermore, nuclei with mechanical moments will

have magnetic moments of the order ^ or - ~® 2 277 moc 2 27rilfc

(where and M are the masses of the electron and the
proton respectively) associated with them according as whether
or not there is any electron inside the nucleus. But it has been
found that the nuclear magnetic moments are all of the order
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of
^^ (usually taken as the unit of nuolear magnetic

moment) precluding thereby the possibility of the existence

of electrons inside the nucleus. This makes it difficult to explain
the emission of the )3-particles in the j3-ray decay of radio-active

elements. This was accounted for by suggesting that electrons

are formed just before the jS-rays are emitted. In order to
avoid the difficulties connected with conservation of energy and
angular momentum, a simultaneous emission of a neutrino—

a

hypothetical particle with no charge and with a mass equal to

or less than that of the electron—has been suggested. The
neutrino like any elementary particle is assigned a spin 1/2 and
the Fermi statistics.** Such a particle should have a magnetic
moment associated with its spin and as shown by Bethe should

produce 100 n* ions per kilometre of its path, where n is the
magnetic moment in Bohr units. Nahmias*® investigated the
ionization produced by neutrinos shot out from a carefully

shielded radio-active source and concluded that the magnetic
moment of neutrinos, if at all it exists, is smaller than 1/7000
Bohr unit. It is more probable that the neutrino has no mag-
netic moment at all and it is useless to search for it by this method.

As has been pointed out, the nuclei have mechanical spins

associated with them. A very striking fact is that although
heavy atoms are composed of a large number of particles, the

greatest value for the spin observed is 9/2 and the majority of

values are much smaller. This would be possible, if the neutrons

and protons occur in the form of closed shells analogous to the

completed electronic groups, so that the spin is contributed by
the outermost neutrons and protons only. The problem, though
complicated on account of the presence of a large number of

particles, becomes on the whole analogous to that of the spin

contribution of the electrons in extra-nuclear orbits.

It has been found that with these assumptions it is possible

to account for the spin values of the nuclei of atoms of all the

four types, viz. with odd and even nuclear charges having odd
or even atomic weights.

The theory of closed neutron and proton shells calls for a

scheme of distribution of these particles in various levels.

White, Gapon and Iwanenko,*® Bartlett*® and others have
suggested schemes more or less analogous to those for the distri-

bution of electrons in various orbits. According to the latest

system of notation first are given the configurations of protons,

then those of the neutrons followed by the characteristic level

of the nucleus as a whole. According to this scheme the total

orbital momentum of the nucleus is denoted by A total

spin momentum by Z whose resultant is the nuclear spin I
(total angular momentum of the nucleus). This essentially

involves the assumption of Russell-Saunders coupling for the
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nuclei. Thus a term (ls^2p . ls^2p^)^P^i2 signifies 2 and 1 protons

in the and 2p shells and 2 neutrons each in Is and 2p shells

respectively. The resultant orbital momentum is 1 (P term), the

resultant spin 1/2 (doublet term) and the total nuclear moment
3/2. By a complicated process essentially similar to that used

in the optical spectra it is possible to calculate the energy of

various levels corresponding to a given configuration of protons

and neutrons.

The total nuclear spin or the mechanical moment (I)

gives rise to the nuclear magnetic moment (p) and the magni-
tudes of these two are relat(*d to one another by the simple

equation
:

gr . / = /x. The? magnetic moment of the nucleus

combines with the magnetic field produced by the electrons and
with the orbital moment to give rise to the hyperfine structure.

The absence ofhyperfine structure therefore indicates the absenpe

of a nuclear magnetic moment.®® This may be dui^ to a small
‘g* factor for atoms with a definite integral moment or to a

zero spin. A decision on this point may be obtained from the

measurement of the alternating intensity of the lines forming
the rotational structure of Ihe band spectrum.

Like the mechanical moments, the nuclear magnetic
moments also are related to the constitution of the nuclei.

Nuclei with both atomic numbers and atomic weights odd have
magnetic moment values positive and greater tha-n I, while
those having atomic numbers even and atomic weights odd have
small and generally negative magnetic moments. Similarly

nuclei with atomic numbers odd and atomic weights even have
small and positive magnetic moments, while those with both
atomic weight and atomic number even have zero values for

magnetic moments.
The nuclear mechanical and magnetic moments are thus

intimately related to the constitution of the nuclei although
it must Ije admitted that the theory is not- yet very much
advanced. Experimental determination of these values has also

of late attracted considerable attention and the following methods
have been developed to determine especially the ' g ’ value.

(a) Hyperfine structure .—This mtithod is duo to Goudsmit,®^
who has deduced equations showing th(' relation between doublet
separation and ‘ g

*
factor, both for penetrating and non-penetrat-

ing electronic orbits. This method has the advantage that it is

possible to get the ‘ g ’ value and the nuclear magnetic moment
both for the normal and excited atoms. It is also possible by
this method to get the ratio of the magnetic moments of two
isotopes. Its only limitations are the complexities of the patterns
and very small separations. Amongst the most successful
determinations of magnetic moments in this manner are those for

Sc^®, Cs^** Li®, Li^, K*®, Na*®, Cu isotopes, Sb isotopes, etc.

(a) Polarization of resonarwe radiation .—Eliott and Heyden-
burg have developed a method of determining the hyperfine
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separations by observing the change in the intensity of the
radiation from atoms in a magnetic field. Even if the polarized
components cannot be resolved the change in intensity is evident
in the polarization of the emitted radiation. By this method
very small hyperfine separations for Cs and Na have been
determined.

(c) Atomic and molecular bea7n .
—^The original method of

Stern and Gerlach of passing a beam of neutral particles
through a non-liomogeneous magnetic field with a steep gradient
and placed at right angles to the path has been modified by Stem,
Estermann and FriscJi.** It has been employed in particular
for measuring th(^ magnetic moment of the proton by carrying
out experiments with para- and or^lio-hydrogen.®^ The value
of 2*5 nuclear magnetons obtained by this method is surprisingly

large for the proton but is comj)arable with the value 2 0 obtained
from hyperfine separations.*® (On Relativity considerations,

Wataghin has obtained the value of 3 nuclear magnetons
for the proton.) An extremely ingenious modified form of the
atomic beam method has beem developed by Rabi and
emj)loyod in the d(^termination of the nuclear moments of the
alkali metal atoms.

(d) Other methods.—(i) The p-, o-conversion of hydrogen
and of deuterium has beem found by Farkas and Farkas to be
catalyzed by a non-homogcmcous magnetic field as provided by
an oxygen molecule. From the velocity of conversion of

p-hydrogen and deuterium into tlu^ o-vari(^ty th(\se authors have
deduced the ratio of the nuclear magnetic moments fipliX/j to

be 3*9f5±0‘ll.

(ii) By passing a beam of particles through two sots of

magnetized iron bars used as analyzer and polarizer respectively,

and placed at an angle relative to each other, Frisch, Halban
and Kosch have developed a method for finding out the

direction of precession of the particles under examination. By
a slight modification of this method it is possible to determine

the sign of the magnetic moment of the neutron which is shown
to be negative, as if the particle carried a negative charge.

This is in agreement with the indirect value deduced for the

neutron from the observed magnetic moments of dcuiteron

and proton.

2. Magnetic Pkopebties of Free Atoms and Molecules.

The earlier work by the atomic beam deflection method on

the atomic moments of Zn, Cd, Hg, Pd, Sn, H, Pb, Li, Na, Cu,

Ag, Au, Tl, etc. is in entire agreement with theoretical predictions

based on spectroscopic grounds. The same applies to the work
done during the period under review. Oxygen atoms in an
electrodeless discharge yielded a value of 1*67 Bohr magnetons
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as compared to 1*71 Bohr magnetons deduced from intensity

distribution curves. In the case of Bi, Leu** obtained an

undeflected beam at a temperature of 1183®A, in spite of the

ground-state of bismuth being *83
/2 . This was attributed to

the presence of Bi* molecules. At higher temperatures, however,

a symmetrical deflection pattern was obtained corresponding

to /x^=0*72. The ‘gr’ value obtained from the value of the

atomic magnetic moment lies between the one calculated for

Russell-Saunders coupling and that for jj coupling.

The outstanding discrepancy in the earlier work on magnetic

moment was for iron, nickel and cobalt atoms.** In the case of

the first two elements an undeflected pattern was obtained in

contradiction to the spectroscopic prediction. Recent careful

work by Klabunde and Phipps ** has, however, shown that the

magnetic moment of the iron atom is 2*03 Bohr magnetons and
not zero as previously obtained by Gerlach.

The elements of the sixth group of the Periodic Table

(Oxygen, Sulphur, Selenium, Tellurium) are particularly inter-

esting, because their diatomic molecules have two valency
electrons in an incomplete shell and therefore possess a diamag-
netic and a paramagnetic *S state. As to oxygen it has been
established for a very long time both by spectroscopic and mag-
netic evidence, that of the two states mentioned *1 is the lower
one, thus rendering the oxygen gas paramagnetic. Wiersma
and Gorter*® showed that its paramagnetic susceptibility is

influenced by pressure, the lower value of x higher pressures

being probably due to the destruction of paramagnetism on
account of the formation of diamagnetic O4 molecules. The same
applies to sulphur, selenium and tellurium in the vapour state.

Although their polyatomic molecules are diamagnetic, their

diatomic ones have both 'Z and *Z states. It has been established

by spt^ctroscopic evidence that in vapour also the *Z state is

the lowest one, thus causing it to be paramagnetic. This was
confirmed by the magnetic measurements of N^el.** There is a
chance that in the heavier elements of this group the *Z level

may come below the *Z level, thus rendering the diatomic
vapour diamagnetic. Spectroscopic investigations have so far

not been able to bring about a decision, but magnetic measure-
ments carried out at Lahore*" have shown that Se* vapour is

paramagnetic and therefore has a *Z ground-state like 0^ and Sjj.

Corresponding results on Tcj are not yet available.

Bromine vapour was examined by Shur and Yanus.** Its

susceptibility (—0*46x 10”®) is in agreement with the theoretical
value.

Based on the measurements of Roth, Gerlach*® has given the
value of the molar susceptibility of argon to be —19*7x10”®
and shown it to be constant between 290° and 700®C. Mann*®
has also measured the values for the other inert gases, Ne, Kr
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and X, and found them to be substantially in accord with the
theoretical ones.

The molecular states of iodine have been determined in
various solvents in the author’s laboratories and it has been
concluded that while iodine ionizes in carbon disulphide and
benzene, it probably continues in the molecular state in cyclo-

hexane.

3. Magnetic Pbopbrties of Elements.

Susceptibility of elements en masse ,—^The magnetic properties

of substances in the solid or liquid state differ from those of free

molecules in so far as owing to interaction with neighbouring
molecules or atoms a structural influence is super-imposed
on the molecular magnetism.

In special cases like that of the rare earths it is still possible

to draw conclusions regarding magnetic moments from measure-
ments of the solid substance. For instance, the magnetic
moments of the atoms of cerium and praseodymium ** have been
obtained by investigating their susceptibility as function of the
temperature. Besides these two rare earths, lanthanum, neo-

dymium and gadolinium have also been studied. In some
cases the susceptibility appears to be affected by the field

strength, presumably on account of ferromagnetic impurities.

All of them follow the Curie-Weiss law with the exception of

gadolinium and possibly of cerium. Gadolinium is ferromagnetic

with a Curie temperature of 16®C., the low temperature satura-

tion moment per atom being greater than that of iron. The
behaviour of cerium is still under dispute.

There is, however, one remarkable fact about the rare

earths. The magnetic moment of trebly ionized 6d can be

theoretically calculated, being 39*26 Weiss magnetons, and is in

exact accord with the value 39*28 Weiss magneton measured for

the metal. This strange agreement between the atom and its

ion is more or less common to all the elements of the rare earth

group. Stoner®® has tried to make this plausible by pointing

out that probably the whole of the paramagnetism both of atoms
and ions is due to the incomplete 4/ shell, which is common to

either of them, and that the contribution of the 3 valency elec-

trons ofthe atoms is ofminor importance owing to their becoming

collective electrons in the metal. Definite proof is still wanting,

but this suggestion is so interesting that further investigation

appears to be worth while.

Prins ®® and later Cofi&n examined an amorphous form of

antimony, more popularly known as * explosive antimony ’.

The latter author reports the value of the susceptibility to be

-0-38 X 10® as compared to —0*88x10-® for crystalline anti-

mony. He has also shown that explosive antimony should be

regarded as a super-cooled liquid. The non-metallic nature of
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explosive antimony may, according to Coffin, be due to the

change of the metallic bond to the homopolar one.

Bates and Baqi have measured the magnetic susceptibility

of chromium over a range of teinpt^rature and shown its value

to be constant. This is an interesting illustration of paramag-
netism being independent of l/emperature.

Measurements on manganese carried out by Bates and
Pantulu indicate that its very high paramagnetism is not to

be found in the amorphous variety, thus indicating that high

paramagnetism is associated with the crystal structure. Bates,

Pantulu and Gibbs iiavo extended this work to the measurement
of the magnetic susceptibility ofMn heated to different tempera-

tures in an atmosphen^ of nitrogen and have found that ferro-

magnetism is developed in samples, which, as shown by their

X-ray spectrum, are in the y phas(i and have an enlarged lattice

»

The magrud/O-chemical behaviour of rhenium has also

attracted attention . Its specific magnetic susceptibility has been
measured by Perrakis and Karatos and found to be 0’046 X 10 ®

in accord with the value 0*040 X 10 ® in the heptavalent state.

This agreement, unless duo to an experimental error, shows
at the same time, that the rhenium compounds chosen by the

authors were in a covalent state of combination.
Laiu^ investigated the magnetic behaviour of barium as a

function of temfxjrature and showed that its specific magnetic
susceptibility increases from 0*147x10 ® at 20° to 0*415 x 10^®

at 400° with a break at 350°, which agrees with th(^ temperature
of dis(^ontinuity of electric resistance observed by Rinck.®* This
behaviour suggests a change of the crystalline modification, but
since it is inconsistent with the results reported before, it should
bo followed up.

A good deal of controversy still exists regarding tlie suscep-

tibility of mercury in the liquid state. Hondii obtained a
value of —0-19 x 10'®, whereas measurements of Bates and Tai ®®

yielded a value of 0*1076x10 ®. This is also in agreement
with the average value of —0*172x10 ® found in the Lahore
laboratories ®^ for mercury from various sources, but disagrees
with the susceptibility of mercury vapour. The vapour was
investigated by Shur,®® who found its susceptibility to be
—0*389 X 10 ®

;
theoretical considerations of Slater yielded

—0*42x10 ®. The disagreement between the values for the
liquid and tlie vapour states is probably due to mercury forming
polyatomic mohicules in the liquid state.

Mention must be made of the work on bismuth, which on
account of its abnormal diamagnetism and other magnetic
anomalies has been a ctmtre of interest both theoretically and
experimentally.

The bismuth crystal has a layer lattice with homopolar
linkages within the layers and metallic ones in the direction
perpendicular to it and therefore is bound to exhibit certain
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peculiarities. Goetz and Focke have made extensive

investigations on its anomalous diamagnetism, the influence of

temperature and the presence of foreign atoms in the lattice.

With the help of Bloch’s lattice theory, Jones was able to

explain the formation of the layer lattice and the anomalies in

diamagnetism and magnetostriction. A theory of the magneto,
striction of single crystals of Bi was also advanced by Kapitza
and formulae for the magnetostriction of trigonal Bi have been
developed by Shoenberg.^* Kapitza’s experimental results^®

on magnetostriction of bismuth have been conflrmed by Wolf
and Goetz,^* Goetz and Focke and Shoenborg.^®

Perhaps the outstanding event in the work on bismuth is

the De Haas-Van Alphen Effect. De Haas and van Alphen
found that at temperatures 20*4®K and 14*2°K a decrease of

magnetization occurred, when the fleld exceeded 12,500 gauss, if

perpendicular to the diagonal axis, and 14,600 gauss, if parallel to

it. At higher fleld strength the magnetization is again normal.

Measurc^ments of Shoenberg and Zakiuddin’® conflrmed these

results and a theory of the effect has been proposed by Peierls.^®

Magnetic anisotropy.—An increasing amount of attention

has been paid to the exact determination of the values of sus-

ceptibilities along different axes in a crystal. It is mainly due
to the work of Krishnan ®® and Mrs. Lonsdale that these

determinations have been made the basis of an auxiliary method
for determining the structure of crystals. Nilakantan®* has,

for example, studied rhombic sulphur and shown that the X-ray
plan of a puckenid-ring-shaptid molecule consisting of 8 atoms
and oriented with the plane parallel to the c-axis of the crystal

is conflrmed by th(^ rnagne-crystallinc data. The magnetic

data, however, give tlie inclination of the plane of the ring to the

a-axis to be about 70° instead of 50° as suggested by X-ray
analysis.

Krishnan and his collaborators ®* have also studied the case

of graphite and shown that the high diamagnetism, displayed by
it in the direction normal to the basal plane and resulting in

the high anisotropy, is expected from the characteristic layer

lattice structure of the crystal. The weak bond between the

successive layers is supposed to be of the metallic type as

contrasted with the comparatively stronger homopolar bonds

in the plane of the ring. Ganguli ®* has further shown that the

high anisotropy of graphite falls considerably when it is oxidized

to blue graphite. Presumably this is brought about by the

metallic linkage between the layers getting broken and being

utilized in flxing up the oxygen. A further stage in oxidation

results in the breaking up of covalent links so that the hexagonal

network of carbons breaks up into discrete benzene rings.

Use has been made of these observations of Ganguli and of

the workers in Lahore ®® in elucidating the nature of the activation



62 Pari //, Presidential Addresses. (14)

of carbon. It has been shown that this process consists in the

development on the surface of carbon of graphitic crystals

differentially oxidized.

Study of the magnetic properties of single crystals, parti-

cularly of bismuth, thallium, lead, tin, mercury and some

ferromagnetic metals, has also been made and much valuable

information regarding the structure and other physical properties

has been obtained.

Magnetic susceptibility and particle size .— problem which

has aroused considerable interest is the influence of particle

size on the magnetic susceptibility. Rao observed a decrease

in the diamagnetic susceptibility of elements like Bi, Sb and

graphite and an increase for others like Sn and Cu. Attention

was drawn early by the present author to the fact that the

observed effects may be due to surface oxidation, adsorption

of gases, etc. or to a change in the microcrystalline structure

on colloidalization.®® From a series of carefully planned experi-

ments involving a rigorous control of the method of preparation

of elements, their powdering, grading and chemical examination,

it was shown that there is no effect of the particle size on magnetic

susceptibility in the case of Bi,®® Sb,®® S, Se, Te, Pb, Cu®^ and Sn®®

down to about 0*4ft. Lessheim®® has discussed the subject at some
length and has summarized the experimental evidence available

and concluded that the results are in agreement with the author’s

point of view.

Where chemical changes are excluded the observed changes

in magnetic susceptibility have been shown to be due to the

change in the microcrystalline structure. Prins has, for

example, established that the explosive form of antimony, which
is amorphous in nature, has a much lower magnetic susceptibility

than the crystalline variety. Measurements on red and yellow

oxides of mercury in the author’s laboratories®* showed that

the magnetic susceptibility of the two varieties is identical, while
the susceptibility values for the red and yellow oxides of lead
are different. The structure of the two oxides of mercury has
been shown to be identical. The difference in colour arises on
account of the difference in the state of aggregation. The two
oxides of lead have, on the other hand, a diferent crystalline

arrangement. The magnetic behaviour of the two sets of oxides
is thus satisfactorily accounted for.

Rao ®® has recently extended his work and shown that cold-

stretching also involves a change in the magnetic susceptibility
and concludes that the particle size effect observed by him is

analogous to that observed on cold-stretching. It may be pointed
out that cold-stretching involves a forcible change or at least
severe distortion of the crystal structure. Such an effect should
of course involve a change in the magnetic properties.
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4. MoLBODiiAE Diamagnetism.
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We shall now refer to molecular diamagnetism, which
constitutes perhaps the most important chapter in magnetism in

relation to chemistry. As a result of extensive systematic
investigations of the magnetic properties of non-polar organic
compounds, Pascal discovered the principle of additivity of
diamagnetic properties of these substances. The molecular
susceptibility could be closely represented as

where represents the sum of the atomic susceptibilities of
all the atoms in the molecule and A is the constitutive constant
depending on the nature of the linkages between the atoms.
Thus the effect of double bonds, ring formation or strongly polar

groups was generally found to lower the diamagnetism of the

whole molecule.

Pascal’s values have been shown to be generally fairly

accurate, but a critical study of his data shows that a re-exam-
ination of his values is necessary, e.g. the value — 11*86 X 10"*

for the CHj group obtained by Pascal from a large number of

substances differs considerably from his own value — 11*42 x 10* ®

deduced from nitro compounds. With the aid of the magnetic
interference balance, Mitra and Tuli®® obtained a value of
— 11*36 X 10"® for the CHj group from a study of various homo-
logous series, which is in accord with that of Pascal for compounds
with a nitro group. The lower experimental value for CHj
gives a value —2*68 x 10" ® for This value is in better agree-

ment with the theoretical value of —2*37 x 10 than with the

value —2*98x10"® which was deduced from Pascal’s data.

Gray and Cruickshank have, however, obtained a value of
— 11*87 X 10 ® for the CH2 group from an investigation of three

different homologous series of organic nitrates, nitrites and
nitro compounds. The nitrates and nitrites wore not studied

by other workers as they are difficult to obtain in a pure state.

It is evident that owing to developments in the theory a more
exact determination of the CHj group in various states of com-
bination is desirable.

On the additivity law the susceptibilities of organic isomers

would be expected to be identical, but recent measurements ®®

have shown that small and definite differences exist between

different organic isomers, for example, for aliphatic isomerides,

the susceptibility increases in the order
:
primary, secondary

and tertiary
;
for aromatic isomerides, the ortho forms have the

highest susceptibility.

Pascal determined the value of the constitution correction

factor A for a large number of organic compounds. Recently

useful addition to this has been made by Kapur and Verma ®®

in my laboratories who have determined the A value for that

class of organic compounds known as addition compounds,

A was found to have a specific value for different compounds,
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which depends on the nature of the various substituents and
groups present. Kido has also recently studied the effect on

susceptibility of replacing various groups in many compounds.
Whether or not the additivity law of Pascal holds good

for polar compounds as well, has been the subject of investigation

of various workers during recent years. An extensive study of

inorganic compounds by Kido,^®^ Flordal,*®* Subramaniam and
the work carried out in the writer’s laboratory shows that in

electrovalent salts, where the ions have complete inert gas

configuration, the molecular susceptibility can be considered

to be the sum of the ionic susceptibilities whicfii constitute the

molecule, but in compounds like HgClj, Cdl2 the values obtained

are slightly higher, and this may be due to their being covalent.

Moreover, it has been observed that the susceptibility of an ion

in a dissolved state is higher than in the solid state. ^This

deviation is due to the assumption in calculations that neither

the solvent nor the solute undergoes any change and the ions

beliave as perfectly free ions. But from Earquharson’s work
on acids and from theoretical considerations the higher ionic

susceptibility values in solutions have been shown to be due
either (a) to the deformation of the electronic system of the

molecules by the polarizing action of the molecules of the solvent

to the extent of producing more dissociation, (6) to the formation

ofpolymers, or (c) to the depolymerization of the solvent molecule.

Thus whenever any of the above-mentioned complications

would arise, the ionic susceptibility value would not vary linearly

with the concentration. The formation of hydrates and other
complexes in solutions can therefore be ascertained by deter-

mining the ionic magnetic susceptibility values, and this has
been done by a number of workers.

Many attempts have been made during recent years to

ascertain the validity of various expressions for atomic or ionic

susceptibilities, put forward by Pauling,® Van Vleck,^®® Slater

and Angus on theoretical considerations. The results obtained
in the writer’s laboratory showed, in general, that there is a
close agreement between experimental ionic susceptibility

values and those calculated according to Slater’s and Angus’s
methods.

Several workers have also utilized the plans proposed on
quantum mechanical considerations to elucidate the structure of
(liamagnctic compounds. Varadachari and Subramaniam
determined the susceptibilities of a number of sulphur compounds
in solution and by comparing them with the values obtained
on theoretical considerations assigned different valencies to
sulphur in different compounds. Farquharson similirly
studied the magnetic behaviour of sulphur trioxide, potassium
bisulphate, potassium sulphite, potassium thiosulphate, potassium
persulphate, potassium p^osulphate and potassium tetra-thionate
and determined according to Pauling’s and Slater’s plan the
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polarity of some of the linkages. Although applied with success
to cases where the compound behaved either as a perfect electro-

valent or as a covalent one, the various plans for the elucidation
of the structure have not so far been successful in cases where
there is partial dissociation.

Gray and Cruickshank have put forward a new plan based
on that of Pascal, and utilizing Pauling’s theoretical results,

for studying the structure of diamagnetic molecules. They have
calculated the ‘ depression ’ of diamagnetism for various bonds
in different compounds. The plan is a great advance in the
elucidation of structure, because it lielps in differentiating

between different structures including those involving resonance,
and can be applied to cases for which no method has hithert^o

been available. One of the interesting cases which has been
discussed by these authors is that of hydrogen peroxide.
Hydrogen peroxide has been commonly assigned structures I

and II.

aH\. abed
>0->0

bH/ c d H-O-O-H
I. II.

The experimental value for the molecular diamagnetism has been

found to b(* — 16-73 X 10"®. The values of the structural mole-

cular diamagnetism for the formula* I and II as (jalculated on
Gray and Criiickshank’s plan arc 17-75 and 17-55 respectively.

The difference, 1-02, Indween the calculated molecular

diamagnetism for the structure 0-^0 and the experimental

value may be ac counted partly to the polymerization and partly

to the depression due to co-ordinate bond 0->0. The depression

for 0->0 is 0-6 and the remaining 0-42 value can be reasonably

ascribed to polymerization. According to the other formula

the difference between the calculated and the observed value

is 0-82. This structure contains the covalent link 0—0 which

probably gives a depn^ssion greater than 2. There would be

some depression due to polymc^rization as well. Thus the

difference 0-82 is much less than that which would be due both

to the polymerization and to the 0—0 link.

Accordingly these results clearly give support to the formula :

^O-H.0.

The structures for benzene, naphthalene, acid carboxyl and

water assigned on the new plan show close quantitative agreement

with the diamagnetic data.

5
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Recently Clow has applied this plan to the study of the

much debated structure of urea and its derivatives. Several

structures including the simple carbamide and the cyclic structure

proposed by Werner^'® have been suggested to account for

their various physical and chemical properties. With the

introduction of the concept o£ quantum mechanical resonance

Pauling suggested that urea and some of its derivatives

should bo represented by resonance structure. The carbamide
structure can resonate between

HjN:C:NH2 H^N : C : NH^

0: ^ ‘9.-'

while the amino-imino structure presents a second possible type
due to resonance in the C : : N group

HgN : C : OH H^N : C t OH

:N:H : n1 H

The cyclic structure proposed by Werner can resonate when
represented as ' zwitt(‘rion ’ or the so-called hybrid ion

HN : : C :

6

NH3

H:N::C:0 H : N : ct O :

NHj NHg

The calculated resultant magnetic susceptibility for the
three possibilities are 27*46, 31*69 and 33*35, respo(*tive]y,

against the experimental value 33*56. It is clear that the
resonating ‘ zwitterion ’ formula agrees with the experimental
value. This is therefore a strong evidence in favour of the
resonating zwitterion which is an extension of the c3^clic structure
of Werner.

Since the discovery of heavy hydrogen, much interest has
been shown in its compounds specially in the measurement of
their physical constants. This is all the more so on account of
the fact that the compounds of heavy hydrogen have ceased to be
chemical curiosities and are entering more and more into the
every-day life of the organic and inorganic chemist. One of the
most useful additions to the physical data of the subject has been
the exact determination of the value of the magnetic suscep-
tibility of heavy water. Some of the most recent and reliable
data available at present are tabulated below :
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Author. % of D2O
employed.

*10®.

Hoare il* 09*2 0*648 ±0*004
Selwood and Frost 118 92*0 0*644
Cabrera and Fahlenbrach . 99*0 0*637
Trew and Spencer D6 99*2 0*637 ±0*07
Nehra and Qureshi n® 99*5 0*638

Iskenderian has also recently carried out measurements
with DjjO and HDO and found the values for their specific

susceptibilities to bo —-0*6466 X 10~® and —0*6807 X 10“® respec-

tively as compared with —0*72x10 ® for H^O. The molecular
susceptibilities for DgO and H2O on these data are — 12*95±
0*01 X 10" ® and — 1 2*97 x 10'® respectively, which are practically

identical.

5. Paramagnetism of Ions, Molecitles, Free Radicals
AND Bi-Radicals.

As regards the paramagnetic molecules, the electronic

theory of atomic stnicture assigns the paramagnetism of an ion

EFFECTIVE ATOMIC NUMBER OF THE IONS.

Fio. 1.
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either to the orbital angular momentum of an incomplete electron

shell or to its resultant spin. In accordance with this the

experimental results have shown that the ions of the transition

series and of the rare earths are paramagnetic. The ionic

susceptibilities of the elements of the first transitional series

are given more or less satisfactorily by the expression

Pb = V^S(S+l)
according to Bose,'^® Stoner and Van Vleck where Pj5=
Bohr magneton and S is the resultant spin moment. The
resultant orbital moment L is rendered more or less completely

inoperative due to strong interaction with the neighbouring ions.

The actual experimental values and those calculated on the

basis of the above formula are set out graphically against the

effective atomic number of the first transition series (Fig. 1).

The first half of the series shows quite good agreement
;
the

last half, on the other hand, reveals an appreciable deviation,

and the moments of the ions in this half extend over a short

range suggesting that interaction may take place to different

extents in different compounds, and is not strong enough to

render the effect of the orbital momentum completely ineffective.

Thus the experimental results may give an immediate indication

of the existence of interaction effects which may leave the spin

free but may partially or totally quench the effect of the orbital

moment. In order to investigate this point the magnetic
moments of Ni, Co, Mii, Cu ions were determined in the author’s

laboratories.^*^ Most of the salts studied were organic, because
they could be obtained in a sufficiently pure state. It was
observed that both in the case ofMn and Cu ions the exjKjrimental

and theoretical values calculated according to the Bos(i-Stoner
formula agreed well, thereby indicating the total quenching of
the moment. But in the case of the Ni and Co ions the experi-

mental values obtained varied between 2-75 and 3-2 and 4-97

and 5*37 Bohr magnetons respectively, against the theoretical

values of 2*83 and 3-87 respectively. If there is no quenching
of the orbital moment, according to the Hund formula :

Pj5 = \/4>S'(/S+l)+i/(L+l) the values should be 5*20 and 4*47

for Co and Ni ions respectively. The experimental results

obtained by the authors are in between the two values
calculated by the two different formulae. The results, therefore,

indicate partial quenching of the orbital moment and the
different ionic moment values with different salts indicate the
extent to which the orbital moment is quenched.

In the case of rare earth ions (Z = 54 to Z = 68), however, the
incomplete electron shell which gives rise to paramagnetism is

one of the inner shells. It is, therefore, not subject to the
strong interactions with the neighbouring atoms as is the unfilled

shell of the transition elements. Consequently, the contribution
due to the orbital angular momentum to the paramagnetism of the
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ions is not annulled and must theoretically be taken into account

in the magnetic moment. The older values available for the ionic

moments of rare earths, because of their doubtful purity, did not

agree well with the theoretical values calculated according to the

Hund method. The values obtained during recent years,'**

however, agree closely with the calculated values. This agree-

ment is brought out clearly in Fig. 2 where the experimental

and calculated values (according to Hund) have been plotted

against the effective atomic number of rare earth ions.

EFFECTIVE MAGNETIC MOMENTS OF RARE EARTH IONS-

THE broken CI/RVE REPRESENTSTHE THEORETICAI-
HUHO-VAN VLECK CURVE.

Fio. 2.

The ions of the transition metals of the first series have
been found to be paramagnetic, but the complex salts formed by
them are diamagnetic, indicating that during the process of

co-ordination the unpaired electrons of the outer shells become
paired and thus acquire an inert gas configuration, thereby

destroying completely the momentum of the ion. Where
the inert gas configuration is not acquired the ion exhibits

paramagnetism corresponding to the number of unpaired elec-

trons. Thus by investigating the magnetic properties of these

complex compounds much valuable information regarding the
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nature of variouB linkages has been brought to light. The
theory, however, has several snags and requires a more funda-

mental physical basis. By such determinations a true complex
formation has been distinguished from a more obscure double
salt formation. The ionic magnetic moment of Cu inCuS04(NHj ^4

and other copper complex salts was found in author’s labora-

tories to be 1-89, exactly the same as that of a Cu ion in an
electrovalent salt, against the zero magneton value obtained for

tetrakisethylene thiocarbamide copper nitrate. It is thert^fore

to beconeluded that in the copper-ammonium complex the various

constituents are held together by electrovalent forces, whereas
in the other true complex salt the constituents, which go to form
the complex, actually share the electrons with the central atom.

Of some general interest during recent years has been the

application of this method to the elucidation of the structure of

the constituents of blood.

Kdemm was the first to investiga te the magnetic properties

of porphyrin complexes, which form the basis of a number of

natural products including blood. The metal complexes of

porphyrin derivatives wore found to be diamagnetic. If there

were a salt-like combination betwet^n the metal and porphyrin,
the metal complex would be paramagnetic, but because it is

diamagnetic, it has to be regarded as a true complex and has
been assigned the structure No. 1. On the electronic basis

the structure is represented by diagram No. 2. Working

No. 3. No. 4.
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independently, however, Haurowitz found that Ni compounds
of porphyrins are paramagnetic and hence concluded that the

imion of the metal atoms occurs by loss of 2 electrons to the

organic group. From the consideration of other properties, such
as molecular volume, X-ray spectrum and solubility as well,

they have assigned the structure 3 to the metal complexes in

preference to 1 and 4. This controversy about the magnetic
properties of Ni porphyrin complexes has been closed, since

the joint publication of Haurowitz and Klemm,^^® who have
recently collaborated and reported that the differences observed

by them are not real. They have found the nickel salt of

dimethyl mesoporphyrin to be about as diamagnetic as the

parent porphyrin itstdf, and the nickel salt of tetramethyl

hematoporphyrin, which was previously reported to be para-

magnetic, becomes also diamagnetic on ageing, and have con-

cluded that Ni porphyrins contain no unpaired electrons.

Thes(5 conclusions have recently been supported from a study

of the magnetic properties of the constituents of hemoglobin by
Pauling and Coryell.^^^ The authors report that globin hemo-
chromogen, dicyanide hemochromogen, nicotine hemochromogen,
pyridine he^mochromogen and Ni protoporphyrin are diamagnetic

and ferriheme and ferrobeme are paramagnetic showing magnetic
moments of 5*69-5-93 and 5*02-4*83 Bohr magnetons respectively.

These magnetic measurements correspond to five unpaired

electrons for ferriheme, four for ferroheme and zero for the rest.

The presence of unpaired electrons in ferri- and ferrohemes

indicates therefore that the iron atom is attached to the four

adjacent nitrogen atoms of the porphyrin not by covalent

bonds but by ionic bonds. On the other hand the presence of no
unpaired electrons in the other four hemochromogens indicates

that the 3d orbitals of the ferrous iron atom are involved in the

formation of covalent bonds and that the iron atom is accordingly

attached by essentially covalent bonds not only to the four

porphyrin nitrogen atoms but also to two other atoms giving an
octahedral arrangement of six atoms about the iron atom.
Continuing their investigations on hemoglobin, oxyhemoglobin
and carbon monoxyhemoglobin Pauling and his collaborators ***

have studied the* magnetic properties of fcrro-hemoglobin and
hydroxide, hydrosulphide, fluoride and cyanide of ferrihemo-

globin. Both the oxy- and carbon monoxyhemoglobin are found
to be diamagnetic and hence to have no unpaired electron indicat-

ing that the ferrous iron atom is involved in the formation of

six octahedral covalent bonds, four to the porph3nrin nitrogen

atoms, one to an atom (probably nitrogen) of the globin and one
to the carbon monoxide in case of carbonmonoxy and to the

oxygen in the case of oxyhemoglobin. The magnetic suscep-

tibility of ferrohemoglobin corresponds to an effective magnetic
moment of 6*46 Bohr magneton, of ferrihemoglobin to 6*80,

of ferrihemoglobin fluoride to 6*92, of ferrihemoglobin hydroxide
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to 4*47 and of femhemoglobin hydrosulphide and cyanide to

2*26 and 2*50 respectively. The magneton values for ferrihemo-

globin cyanide and hydrosulphide correspond to one unpaired

electron per heme, indicating essentially covalent bonds ;
for

ferrihemoglobin and its fluoride to 6 and for ferro to 4 indicating

essentially ionic bonds
;
and for the hydroxide to three indicating

bonds of an intermediate type.

It would not be out of place to mention here that over

ninety years ago Faraday investigated the magnetic properties

of dried blood and made a note ‘ Must try fresh blood ’. Had he

then determined the susceptibilities of oxygenated and deoxy-

genated blood he would have found, as Pauling and his colla-

borators have, a considerable difference and the subsequent

researches on blood and hemoglobin would have been considerably

influenced by that observation.

Hemmett and Walden as a result of similar magnetic

measurements carried out on phenanthroline ferric complexes
determined the nature of linkage of the Fe atom with the rest

of the phenanthroline molecule. They concluded that because

the atomic susceptibility of the Fe atom in the blue complex
having the formula Fe(C|2HgN2 )8

+'^*^ was found to be 2446 X 10 ®

practically identical with the value observed with the ferri-

cyanide ion, the Fe atom was co-ordinately linked. In the brown
complex [Fe(Ci2HgN2)2(H20 )0H]Cl2 , however, they suggested

that the Fe atoms were so orientated in the molecular grouping
that the electronic moments were neutralized and thus accounted
for the low atomic susceptibility value observed.

Klemm and his collaborators have employed this method
extensively to distinguish between the true and the loose

complexes formed by the metals of the transition group of the
first scries. They could not, however, apply with much success

this method to the complexes of the higher members of the transi-

tion series, i.e. of Mo, W and Re.^®^ In the following Table the
experimental and calculated magneton values for some of the
complex compounds of the higher transition period are given.

Name.

Magneton Values.

Determined.

Calculated

Hund. Bose.

Rb (ReCl4) 0*4 0-0 4-9

Kg (MoClg) 3-7 0-8 3*9

K2 (ReOClfi) 0-5 1-6 2*8

K4 Mo(CNfl) 0*0 1-6 2-8
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The experimental results do not agree either with the values
calculated according to the Bose-Stoner formula or with those
calculated according to Hund’s method. As the ions of these
metals are larger than those of the Fe group, the interaction with
the neighbours will be less and will thereforeresultin anincomplete
quenching of the orbital moment, so, the Bose-Stoner formula
fails to give satisfactory results. Hund’s method fails because
the paramagnetism in these metals is due to the outer electrons,

whereas the method is applicable to cases like that of the rare
earths, where the paramagnetism is due to the incomplete
inner shells. Klemm, however, has concluded from his investi-

gations that it would be possible to distinguish between the
different linkages in the complex compounds of the higher
transition groups, if it is assumed that when the central atom
has a smaller volume and a higher electric charge, the interactions
of its electronic orbits with neighbouring atoms are greater.

The magnetic properties have been ingeniously employed
to decide controversies regarding structures in many complexes.
Spiicu considered the yellow a form and the black form of
ferrous tetrapyridine dithiocyanate to be stereoisomers, whereas
Rosenheim^*® postulated the ^ form to be identical with the
compound Fe3(C5H5N)io(SCN)8. Asmussen,^®* from a study of
the magnetic susceptibility of these compounds showed that a
and

j
3 forms wore well-defined compounds and the magnetic sus-

ceptibility value of the jS form was quite different from that of
Fe8(C5H5N)io(SCN)8, thus proving Rosenheim’s view to be
incorrect.

Two varieties of perchromates, red and blue, are known to
exist. Schwarz as a result of chemical investigations con-
cluded that Cr in both the varieties is hexavalent. Klemm and
Werth^*® determined the magnetic susceptibilities of the two
varieties and on comparing the experimental and theoretical
values concluded that Cr in the red variety is pentavalent,
whereas it is hexavalent in the blue variety. Schwarz, on
re-investigating the problem, also arrived at the same conclusion.

Study of paramagnetic substances in solution .—^A study of
the magnetic properties of solutions of the salts of the transition
series has thrown much light on the nature of physical and
chemical changes that take place during the process of solution.
For some ions in solution, the ionic susceptibility is remarkably
constant and the ionic moment both in the dissolved and solid

states is the same, as was found by the present author in the
case ofvarious Mn salts

; for others it varies with the concentra-
tion and is modified by the addition of an acid.^®® The striking

colour changes of cobalt salt solution from red to blue have drawn
much interest. Besides hydration, ionic and double salt forma,
tion theories have been employed to explain their behaviour.
The study of the magnetic properties of these salts by the workers
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at the University Chemical Laboratories, Lahore, confirmed
the view that complex ions of the type C0CI3 and C0CI4 are formed.

The formation of complex ions of cobalt in bispyxidyl

cobaltoiis chloride has recently been suggested by Sugden and
Barkworth in the course of an investigation on the magnetism
of cobalt compounds. They found that the stable violet form
gave at room tempe^rature /ioff = 6*34 Br)hr magnetons and that
the unstable blue form gave /ieff = 4-62. On standing for some
days the blue variety changed into the violet one and the magnetic
moment value also increased to 5*3 Bohr units. This figure

which is higher than 3*87 Bohr magnetons—^the value of the
electron spin for the Co++ ion—appears to be duo to the conserva-
tion of some orbital momentum of the ion. From these and other
theoretical considerations, therefore, they have suggested an
ionized structure (Co4Py)++(CoCl4)““ for the violet form and an
unionized structure (Co2PyCl2) for the blue form.

Free and Bi-radicah .—^Magnetic measurements have also

yielded valuable information regarding the existence of * free

radicals ’, which have been defined as substances the molecules
of which contain an odd number of electrons. In molecules
containing an odd number of electrons, as in ions, there is

necessarily a resultant spin moment which will give rise to
paramagnetism. If this moment is due to spin only (any orbital
moment being quenched) theoretically the value of ixfj calculatc^d

from 2-84'\/Xj^(T-fl) would bo 1-73 units. This has been
shown to be valid for NO (15 electrons), NO* (23), ClOg (33) and
Clog(41).^^2 ff'asibility of this princnple has been abundantly
proved recently by Sugden and Miillcr. Compounds, such as
triphenyl-methyl having the mole(;ule of the free radical form
(^•^5)8^ containing trivalent carbon, have one unpaired electron.
Therefore a completely dissociated r(CgH3)gC]2 molecule should
have a magnetic moment of 1-73 Bohr magneton. Sugden
studied a number of such compounds (No. 1-5) and found that
they were strongly paramagnetic but with an effective magnetic
moment, rather less than the calculated one. This discrepancy
was attributed to the presence of diamagnetic undissociated
molecules. Tn contrast to these in compounds No. 7-11 studied
by Muller and his collaborators the experimental value agrees
with the theoretical one.

Substance. observed.

1 . a-naphthyldiphenyl methyl .. 1‘15
2. (P-NO2 . CgH4)3C .. 1-36

3. Benzoqiiinone potassium = C—OK . . 1*45
4. Phenyl-^).diphenylyl potassium . . . . i*58
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Substance, observed.

6 .

6 .

7.

8 .

9.

10 .

11.

Ph,N.N.CeH2(NOa)3 ••

I

..

^

T)i-j)-amsyl-N-oxyl (CHjO—

=

N = O
a-a-diphenyl-jS-trinitrophenylhydracyl

NO,

l,>N-N-<^ ^-NO,

I

NO,

(CH,), = C ^N=0
I

>0 = NH
NH = C—^NH

(CH,), = C CH,-(^-CHe
I II

C,Hb—N = O ^-N = O
I

Pentaphonyl-cyclopentadicnyl

1-61

1-75

1-71

1-74

1-76

1*76

1*72

The corresponding dimeric molecules of those free radicals

are, however, diamagnetic. The magnetic method, therefore,

may be conveniently used to determine the degree of dissociation

of such compounds. There arc many other usual methods such
as depression of the freezing point, elevation of the boiling point

and the more accurate optical method recently developed by
Ziegler and Ewald.^*® But these methods cannot be employed
with any great degree of accuracy to substances like C2(CaH5)e,

which decompose into free radicals, or such as are solid at ordinary

temperatures. Mflller determined the degree of dissociation of

€2(03115)0 by the magnetic method, and the results were in very
good agreement with those obtained by the optical method.
Similarly the degree of dissociation of hexa-aryl substituted

ethane has been determined by Miiller.^^® The degree of disso-

ciation (2*71) determined by the magnetic method was found to

be in close agreemcmt with the value 2*80 obtained by the optical

method. Recently Farquharson *** has determined the degree

of dissociation of CI2O0 both in the liquid and the solid states by
magnetic measurements.

This method has its limitations. It can be used conveniently

for those compounds which can be obtained in a pure state and
have a high dissociation constant.

Furthermore, it would be possible with the help of magnetic
measurements to prove the existence of bi-radicals, i.e. such
substances as have two free linkages due to two unlinked electrons
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which do not interact with each other. The spins of the free

electrons should not compensate each other, and at room tempera-

ture ought to have an effective magnetic moment of 1*73 for each

half of the molecule.

Many compounds, which on account of their colour and other

properties have been supposed to be bi-radicals, have been

magnetically examined, but till now only two such bi-radicals

have been shown to be capable of existence. Porphyrindine is a

bi-radical containing two unsaturated N atoms. Its experimental

susceptibility value agrees well with the theoretical one.

CH3 CH3

I : ! I

HgC-C N=0 0=N C-CHg
I

>C==N--N = C<
1

HN = C— NH NH—C = NH
Porphyrindine.

Muller found that m-w'-diphenylene-bisdiphenyl-methyl

in the solid state and in solution at room temperature existed

as an associated diamagnetic double molecule. At high tempera-

tures, however, the deepening of the colour and the paramag-
netism proved the presence of a bi-radical.

On account of the strong colour developed and of great

reacting power, it had been the tendency to formulate such

compounds as bi-radicals. A hydrocarbon, discovered by
Tschitschibabin,^*® which exhibited great attraction for oxygen
and was deeply coloured, was assigned formula T in preference

to p-quinonoid formula II.

<
CH-CH^ /CH=CH\

>C-C={CeH5),

CH=CH/ XCH-CH/
i

I.

<
CH=CH\ CH=CH\

>c=c<; \c=C=(C,Hs
CH=CH/ \CH=CH/

IT.

The magnetic investigation by MbHer showed that paramag-
netism corresponding to I was absent. Similarly Miiller had
shown from the magnetic measurement of triphenyl a-naphthyl-
quinodimethane that the quinonoid structure should be pre-
ferred to the structure assigned by Allard.^®® Enderlin from
magnetic determinations showed that rubene derivatives do not
exist as bi-radicals under ordinary conditions. They also
showed that in a dissociable oxide of tetraphenyl rubene oxygen
though easily removable does not exhibit paramagnetism.
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Mtiller and Sugden have studied a number of compounds which
are supposed to be bi-radicals. Mtiller, however, concluded
from magnetic measurements that if the bi-radicals do exist,

they are no more than 2%. If the method for magnetic measure-
ments can be developed so that x of the solution is obtained
with an accuracy of 1 per 1,000, it would be possible to prove
definitely the absence or existence of bi-radicals.

Sugden recently observed that thiobenzophenone, which
from its chemical and physical characteristics has been supposed
to be a bi-radical, is diamagnetic. Therefore, he suggested

that probably the spins of the two free electrons are opposed
to each other resulting in the destruction of paramagnetism and
concluded that the magnetic test is not a decisive one for bi-

radicals. This view is, however, open to the objection that the

word bi-radical has recently been exclusively applied to those

molecules which have two free valencies independent of one
another.

Since it has been established that ‘ odd ’ molecules are

invariably paramagnetic, the magnetic method has been used to

elucidate the electronic structure of compounds and also to

decide in other cases, whether those compounds should be
represented by a simple or a double formula.

Lowry'®* assumed the existence of single electron linkage

in MegTeX2, where X is Cl, Br or NOg. These compounds were,

however, found to be diamagnetic. If these compounds do
contain single electron bonds, then there should be a para-

magnetic effect due to unpaired electrons. Actually this effect

would be masked by the diamagnetic effect of the rest of the

molecule. Since, however, diamagnetism is independent of

temperature and paramagnetism is affected by it, any masked
paramagnetic effect would be shown by a variation of x
the temperature. Investigations carried out in the author’s

laboratories showed that the values of x of these compounds
are independent of temperature. Further assuming all the

bonds to be electron pairs, the calculated values according to

Pascal have been shown by the author to agree well with the
observed values. Therefore, it has been concluded that there

is no evidence of the existence of single electron bonds in such
compounds. Similarly Mulliken '®® had to suggest another
electron configuration for B2H0 to account for its diamagnetic

character. By a similar investigation Elliot elucidated the

structure of triple salts, e.g. Cs2AgAuCl0 and CsgAuAuCl^.

It has been debated whether the salts of hyposulphurous

acid should be represented as RSO2 or R2S2O4, where R is the

metallic radical. Meyer from the study of various physical

properties concluded that the sodium salt should be represented

as Na2S204. Ifthe formula is NaSOg, sodium hyposulphite would
be paramagnetic, whereas the double formula Na£S204 represents

a diamagnetic molecule. Recent experiments of Klemm



78 Pa/rt //, Presidential Addresses, (30)

showed that this substance is diamagnetic and thus gave a
decision in favour of the structure :

O
II

Na-S = 0

Na-S = 0
II

0

Sugden from similar investigations represented hypoplios-

phorous acid as H4P20g
;
Klemm represented a compound

formed by the interaction of alkali metal and as K2
B2F^

and not KBFj
;
Elliot represented the double salt ammonium

hexabromo hypoantimoniate as (NH4 )4Sb***’Sb Brj^ containing

tri and pentavalent Sb and not as (NH4 )2SbBr5 with quadrivalent

Sb in which case it would have been paramagnetic. Similarly

Sugden found 10 : lO'-bis 5 : lO-dihydrophenarsazine to be
diamagnetic and assigned to it the formula I in spite of its colour

and reactivity which may suggest formula II.

6. Polymerization.

Valuable information on the question of pol ymerization can
also be obtained by the magnetic methods. Not long ago these
methods were restricted in their application to paramagnetic
molecules only, which on polymerization became diamagnetic.
More recently it has been possible to extend these methods to
include the treatment ofdiamagnetic molecules which polymerize.
Where n molecules would polymerize to form the polymer nA, the
general expression for the molecular susceptibility of the polymer
will be

~ — I)^

where xa is molecular susceptibility of the molecule A and A
is the constitutive constant arising from the new chemieal bond,
and the mass susceptibility of nA would be

(w— 1 )A

nM A
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where is the molecular weight of the simple molecule A. In
this expression and A are constant and tha curve for

the change in the mass susceptibility with the number of simple

molecules in the complex will, therefore, be a hyperbola. A is

given by PascaFs results so that by measuring the mass suscep-

tibility, it should be possible to calculate n.

Farquharson has studied the polymerization of dimethyl
butadiene and cyclopentadiene and confirmed that polymerization

gives rise to a change in diamagnetic susceptibility and that,,

as polymerization proceeds, the mass susceptibility follows a
curve, which in the normal case is a hyperbola. Change in mass
susceptibility on polymerization was also observed by the present

author in anthracene, acetone, benzaldehyde, furfurol and
acetyl cyanide.

Farquharson has employed the magnetic data of poly-

oxymethylenes, the polymerized products of oxymethylene
diacetates to determine the -GHgO-groups in a and j8 poly-

oxymethylenes.
These magnetic measurements of polymerized compounds

would h(‘lp us to follow the course of polymerization and in

certain (jases may be useful in calculating the degree of poly-

merization.

7. Magnetic Pkopbrtibs in relation to Phase
EQUILIBRIim.

Magnetic susceptibility measurements have been frequently

used in the study of phase rule equilibria, because, as a result

of extensive study of the magnetic projjerties of various systems,

certain rules which provide very useful information regarding

structure, formation of intermediate compounds, etc. have been

formulated. For example, it is concluded that in the case of solid

solutions the susceptibility-concentration curve is a curved line,

in the case of mechanical mixture of the constituents the curve

is a straight line, whilst the appearance of a new phase indicating

the formation of a compound brings about an abrupt change
in the slope of the curve. These generalizations have been used

by numerous investigators in the study of alloys. Svensson^**

thus studied the Pd-H system and from the analogy of the sus-

ceptibility-concentration curve with that of Pd-Ag system

c'oncluded that in this system several PdH-Pd alloys are formed.

From similar investigations Stephens and Evans have recently

shown that the formation of a compound AgjSb at 73% is

indicated in the system Ag-Sb, but no such compound formation

is indicated in the Ag-Bi, Ag-Pb systems. Fallot has studied

the magnetic properties of several alloys of Fe with Al, Si, Cr,

V, Au and Sn. He found singular points in the curves, corre-

sponding to modifications or ‘ superstructures * which were

found by X-ray studies, and along with these he found other
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singular points indicating the presence of other ‘ superstructures
*

which had not been detected by X-rays, either because the

concentration of the foreign atoms was too low or because their

atomic masses were too near to that of Fe. He has thus suggested

the study of magnetic properties of alloys as an exceedingly

sensitive means for detecting these superstructures.

It is remarkable that, although the alloys of almost every

metal have been so extensively investigated, the systematic

survey of the magnetic properties of amalgams has not attracted

attention till recently. The present writer found that dilute

amalgams of copper are merely mechanical mixtures of the two
metals in which the value of the magnetic susceptibility varies

from that of pure mercury to that of pure copper. Recently
Bates and Tai have studied the magnetic properties of a series

of amalgams of various concentrations of Mn, Bi, Cr and Cu
and found that with the exception of copper all the metals which
are diamagnetic in the solid state become paramagnetic in dilute

amalgams. The paramagnetism of the metals in amalgams may
be suggested to be due to their being in the atomic state, but to

establish it a study of their thermomagnetic behaviour would be
desirable.

A rather interesting development in this field has been the
study of magnetic moments of elements when alloyed with
diflerent metals. Gustafsson has recently determined the

atomic moment of Mn when alloyed with Cu, Ag and Au and
obtained in infinitely dilute solutions a value of 4*8 Bohr magneton
in Cu, 5*5 in Ag and 5*4 in Au. The low value for Cu solution

is attributed to the small atomic volume of copper. Fallot

has employed this method to determine the atomic moment of
Fe when alloyed with Pt, Si, Al, Cr, Au and Sii and found that
in general an average moment of 11-00 or less occurs in series

with elements of lower atomic number than Fe, while values
of 11*00 or more are found in the series of alloys with elements
of higher atomic number. It has been shown by Stoner that
many of the salient facts about the variations of atomic moment
in ferromagnetic alloys are readily explained on the basis of a
coUective electron treatment of ferromagnetism, which is being
actively developed by Slater,^^® Mott,^’^* Stoner and others.

Not only in alloys, but also in compounds the magnetic
susceptibility has been studied in relation to phase rule equihbria.
The present author examined the magnetic properties of
solid solutions of KMn04,-KC104, KCl-NaCl, KBr-KCl and KBr-
NaBr and found that in the system KCIO4—KMn04 suscep-
tibility-concentration curve is a straight line, while the other
systems yield curved graphs. The abrupt change of slope in the
susceptibility-concentration curve has been recently made use of
by Haraldsen and his collaborators, particularly in the study of
such systems in which one compound is diamagnetic, while
another is para- or ferromagnetic. Haraldsen found that the



(33 )
Section II, Chemistry. 81

addition of S to CoS does not bring about any change in the

magnetic susceptibility until the composition CoSj-jg is attained.

At this point, saturation of the mixed crystal series is reached

and a new strongly paramagnetic phase (CoSg) appears, forming

a two-phase system between the composition limits CoSg.ig

CoSg. Similar observations have been made by Haraldsen

and Neuber in the case ofthe system Cr-S in which the consider-

able increase in magnetism takes place at a concentration

corresponding to CrSi.175. This behaviour of Co and Cr is

analogous to that of the ¥e pyrites, which shows a maximum
in magnetization at FeSi-jg.

8. Influence of the Magnetic Field on Homogeneous
AND Heterogeneous Equilibria.

Although not much attention has been bestowed upon the

study of the influence of the magnetic field on the rate of crystal-

lization, electrolysis, conductivity of gases, coefficient of viscosity,

etc. during recent years, investigation of these subjects is sure

to lead to important developments in magneto-chemistry.
Of particular interest is the work of Steacie and Stevens,^^®

who observed that a field of 6,000 gauss had no effect on the

linear crystallization of NagSgOg . 5HgO, whereas a slightly

increased rate was observed with NiSOg . 6HgO. Senftleben and
his fellow-workers have reported a definite diminution of the

thermal conductivity of oxygen in the magnetic field. Because
of the close relationship between diffusion and thermal conduc-

tivity Engelhardt and Sack^®® investigated the effect of the

magnetic field on the coefficient of viscosity of oxygen and
observed definite diminution of it. Similar results have been
reported recently by Trautz and Froschel.^®^ Baha and
Chatterjee '®® have extended these investigations to liquids

and found that liquids with long chain aliphatic molecules, i.e.

acetone and propyl alcohol show diminution, liquids of the

aromatic class, i.e. nitrobenzene, toluene and isoamyl alcohol

show increase, and carbon tetrachloride and cerium nitrate

solutions show no change in the magnetic field.

The magnetic field influences also the course of chemical
reaction. The subject has been critically examined by the author
in the treatise on magneto-chemistry ^®® and from the data then
available the conclusion was drawn that a reaction would bo
accelerated, retarded, or remain unaffected according to whether
the sum of the molecular susceptibilities of the products is

more than, less than or equal to the sum of the molecular sus-

ct^ptibilities of the initial substances.

The influence of the magnetic field on the phenomenon of

adsorption has also been investigated in the author’s labora-

tories.^®^ It has been observed that the difference in adsorption

inside and outside the fields depends on the field strength

6
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applied.'®^ Investigations of this type have already provided

valuable information regarding the mechanism of adsorption.

9. Catalysis and Magnetic Propbbtibs.

It has been observed that a study of the magnetic properties

of the catalysts may yield valuable clues to the theory of

catalysts. Hedvall, Hedin and Persson,^®® while studying the

reaction of 2Ng0-^2N^+02 using Ni as a catalyst, observed that

the rate of decomposition is suddenly increased above the Curie

point, although the X-ray investigations by Nunzio do not

indicate any difference between the lattice structure of Ni above

and below the Curio point. Experiments repeated with samples

having different Curie points also indicated an increase in the

reaction velocity above the corresponding temperature.

An extension of the work by Hedvall and others ^®has shown
that the hydrogenation of carbon monoxide and acetylene by
Ni and the formation of CO2 from CO by Heusler’s alloys is much
accelerated at the Curie points. The changes involved in the

catalysts are also partly structural.

The fact that catalytic activity may have some relation to

the magnetic behaviour, was also confirmed in an extended
investigation by Taylor and Diamond,^®® who found that the spin

isomerization of hydrogen at low temperatures is much more
catalyzed by a paramagnetic surface than by a diamagnetic one.

Even in cases where the bulk of the material is diamagnetic, the

catalytic activity is attributed by them to a paramagnetic
surface. This idea, though rather far fetched, would certainly

require further investigation.

10. Magnbto-oftioal Analysis.

Allison and Murphy’s magneto-optical method of chemical
analysis, which depends on the investigation of the time-lag of
the Faraday effect behind the magnetic field as a function of the
wave-length of the light used, has been the subject of much
controversy during recent years. Recently, Slack has
reported that, although minima were observed, yet he regarded
them as a result of physiological and psychological effects.

Furthermore, with Peoples,'®® he reports that attempts to re-

produce time-lag measurements and chemical analyses have
failed. MaePherson '®® also finds himself in substantial agree-

ment with Slack and others and is unable to confirm sharp
minima characteristic of the substances under investigation.

More evidence ofsimilar nature comes from Jepperson and Bell.'®*

On the other hand Hughes and Goslin '®® seem to have refuted
the criticism by demonstrating the reality and reproducibility

of the minima photographically. They have used this method
for detecting the localization of metals in organs and tissues of
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animals. Furthermore, Wissink and Woodrow have such

confidence in the method that they use it to detect vitamin A,

to the presence of which they attribute the characteristic

minimum given by many animal and vegetable products.

11. Photomagnetio Effect.

It is desirable in this survey to include also an account of

what may be termed the photomagnetio phenomenon. Light

brings about a number of physical, physico-chemical or chemical

changes
;
the magnetic study ofthese effects should be of consider-

able value in explaining the nature of the changes involved by
light. During the last few years attention has been paid to the

magnetic study of photo-phenomena to justify the treatment of

the results under a separate head.

Heaps investigated first the magnetic properties of

illuminated silver chloride and selenium and showed that no
change in the magnetic susceptibility takes place on solarization.

Some preliminary experiments on the magnetic behaviour of

silver halides have been carried out in the author^s laboratories

and it has been shown that a change in magnetic susceptibility

takes place when these substances are exposed to sunlight for

extended periods. Change in the magnetic susceptibility in the

case of the iodide can quantitatively be accounted for satis-

factorily, if it is supposed that the halide decomposes into the

metal and the halogen. The whole subject is at present under
investigation.

Another of the vexed problems of photo-chemistry is tlie

phenomenon of phototfopy. Phototropic substances are known
to undergo a change in colour on exposure to light of a suitable

frequency. This change in colour is completely or partially

reversible when the exposed substances are kept in the dark
for sufficiently long time, heated or recrystallized. Generally
this phenomenon is not accompanied by any change in physical

properties like melting points, crystal structure, etc. Measure-
ments of the magnetic susceptibilities of phototropic anils,

hydrazones, semi-carbazide and anthracene have been carried out
before and after exposing them to sunlight in the author’s labora-

tories.®* The value of the exposed and unexposed samples
was found to be the same, except in the case of anthracene
where the change is due to photo-polymerization.

From the rate of colour development Padoa'®® suggested
the mechanism :

Light

Ag tn; 2A

Dark

for benzaldehyde-phenylhydrazone and salicylidene )3-naphthyl-

amine. But it seems more reasonable, as was pointed out by
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Senier and Shepheard,*®® to assume that light causes a change in

aggregation only and that this change is reversible. If that

is so, no change in the magnetic susceptibility may be expected,

which is in accord with the experimental facts.

Emberson and Dufford have also looked for a photo-

magnetic effect in photovoltaic substan(‘C8 and shown that no
change in magnetic susceptibility takes place on exposure to

light. They suggested that either the magnetic susceptibility'

is not dependent on the number of free cle(;troiis or more probably

the photovoltaic effect does not involve the liberation of free

electrons.

There are, however, a number of cases where exposure to

light has definitely been shown to bring about a change in the

magnetic susceptibility, the effect being more or less explicable

on theoretical grounds. Bhuyan observed that halogen

molecules show an increase in magnetic susceptibility on exposure

to light. Although on theoretical grounds the halogens may be

expected to be adiabatically dissociated into atoms in the ®Pj/2

and *Pi/2 states, both of which ought to be paramagnetic, the

increase in diamagnetic susceptibility observed is probably due
to the large number of excited molecules. This is borne out by
the observation that the change is completely reversed on taking

away the light source.

Bose and Raha have recently extended their earlier work
oil photomagnetism and found that a positive effect is shown b>'

solutions of vanadium ions in differemt valency states and by
crystals of NiS04 . TH^O. This effect decreases in the order of

Ni*‘, Cr"* and Co** and is absent in the solutions of Cr and Ni in

hydrocliloric acid.

In order to (explain their observations Bose and Raha have
assumed a sort of loose chemical combination between the mole-
cules of the solvent and the paramagnetic ion, which breaks down
on exposure to light. They have concluded that, if the orbital

moment is equally quenched in the initial or the final states

as in the case of Cr*” and Ni** in HCl, no photo-magnetic effect

would be observed. The positive effect in the other substances
should be attributed to the quenching of the orbital moment.
A further study of this effect is bound to be of considerable
interest at least from the point ofview of the much vexed question
of the theory of solutions.

Under the head of photo-magnetic phenomena, the pheno-
menon of extinction of fluorescence under the action of the
magnetic field may also be included, which was observed and
studied by Genard in a series of papers. It has been shown
that fluorescence excited in the vapours of Tg, S*, Se2 and Te2
by a suitable frequency is considerably and sometimes entirely
removed by a magnetic field. On close analysis it has been
shown that terms of the same series and quite often the
components of the same multiplet are differently affected

; the
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fluorescence of some lines is reduced, and of others is enhanced.

In the case of iodine, Genard has concluded that probably an
electronic level exists between ^2^+ and ®7ro/i. This is in agree-

ment with Van Vleclji’s theory. Zeeman effect alone cannot

explain this phenomenon. I hope I have succeeded in showing
some of the interesting and fascinating features of this subject.

In concluding this survey, I cannot help hoping that this

liistoric meeting will help us in forging new bonds of personal

magnetism which will lead to further advances in Physics and
Chemistry and to the cementing of the relations between the East

and the West and the old and the new worlds.
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I. Tectonic Features of the Foreland.

Geological work carried out during the last few years has

thrown much light on the structure of North India, a region of

extraordinary tectonic interest, as much on account of the

magnitude and intensity of the crustal deformations, involving

the upwarp of the Himalayan chain and the formation at its

foot of a deep parallel depression, as on the extreme youth of

these world-transforming events. The region of North India

resolves itself tectonically into two broad belts, the plicated

geosyncline of the Himalayas
;
and the northern edge of the

Indian peninsular massif, that has acted as the forela^ and in

the process sagged under the strain of the folding of the northern

orogen. This belt of the passive and inflexible block of

Gondwanaland, which bears clear marks of its complicated

reactions to the great tectonic and erogenic displacements of

Central Asia during late Tertiary and Quaternary times, has

( 91
)
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received less attention, but is hardly of less interest, from the

point of view of structural geology, than the more prominent

and striking Himalayan belt.

In this address I propose to deal with the geological structure

of (1) the North Indian foreland, and (2) of those parts of the

Himalayas that have been investigated in some detail by geo-

logists in India during the last two decades or so, and of their

inter-relation in a common tectonic plan.

The chief units of the foreland concerned in this investigation

are :

—

(1) The Rajputana plateau, prolonged northwards into the
‘ Punjab wedge ’ of the Gondwana foreland ; it is traversed

by the Aravalli range of Algonkian uplift, its tectonic strike

being transverse to the main Himalayan trend. (A. M. Heron.)

(2) The Potwar trough, the north-western branch of the

Indo-Gangetic depression, whose geosynclinal structure is well

exposed, revealing a sequence which epitomises the whole
Tertiary history of North India (E. S. Pinfold, II. N. Wadia,
R. V. Anderson, G. deP. (hotter.)

(3) The Gangetic trough, a synclinorial depression between
Peninsular India and the southern front of the Himalayas, 1,200

miles long and 250 miles broad, of post-Tertiary formation,
and filled up by Pleistocene alluviation. (R. D. Oldham,
8. G. Burrard, E. A. Glennie.)

(4) The Assam plateau and Assam valley
;
thc^ plateau is a

tongue of the Peninsular mainland
;

between it and the
Himalayan foot is the Brahmaputra valley, a ‘ ramp valley *,

filled up by re(;ent alluvium. (C. S. Fox, P. Evans.)

But few j)arts of the Himalayas have been examined in

detail so far for their structural plan. The important work
of Medlicott, Middlemiss and Haydim referred mainly to the
unravelling of the stratigraphic; succession. Of late years the
following areas have received considerable attention as regards
their geotoctonics. Investigation is still proceeding in all these
areas and the views here expressed are by no means final but
more or less tentative

;
they may have to be modified in some;

substantial detail or other by further work :

—

(5) The Hazara-Kashmir syiitaxis, showing the reaction
of the north-western Himalaya against the Punjab wedge.
(D.N. Wadia.)

(6) Areas showing over-thnists and nappe structures in the
Simla Himalaya. (G. E. Pilgrim, W. D. West.)

(7) The superposed nappes of Garhwal Himalaya. (J. B.
Auden.)

(8) The structure of the Eastern Himalaya, Mount Everest
region. (A. M. Heron, L. R. Wager.)
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(9) The syntaxial bend of the Assam Himalaya to a reversed

direction against the granitic plateau of Assam.

1. Eajputana and the Aramlli ran^e.

Detailed field work in Rajputana®»® has thrown light on
the structure and stratigraphy of the northern sector of the

Archaean block of Peninsular India, the Punjab prolongation

of which has played a most important part (the ‘ Punjab wedge ’)

in determining the orogenic trend-lines of north-west India

and, according to Mushketov and other Russian geologists, of

the Pamir and Ferghana region also. Its most important
tectonic feature is the now peneplaned Aravalli range of Archaean
and pre-Cambrian rocks, perhaps the oldest true mountain chain

in the world, representing a synclinorium of post-Torridonian

uplift with a pronounced N.N.E.-S.S.W. strike, in the main
transverse to all the later tectonic trends of Northern India.

The constituent rocks of the Aravalli synclinorium are Archaean

fundamental gneisses, superposed by 3 great systems of Archaean
sediments, separated by important unconformities. The crest of

this greatly compressed basin -fold dives down underneath the

alluvium at Delhi after a N.N.E. course of five hundred miles

from Gujarat. It is constituted of the oldest ofthe post-Archaean
systems—the Delhi system—^whieh again exhibits unconformable
and fault relations to the next succeeding Vindhyan system, of

uncertain Cambrian age. The south-eastern flank of the Aravallis

is delimited by a boundary fault against a massive outcrop of the

Vindhyans, the edge of which is steeply corrugated and pro-

foundly affected by the last Aravallian uplift. Heron believes

the main crust-folding movement of Rajputana to be of Purana,
if not later age, and to have infolded the Delhis into the Archaeans.

The Algonkian (Purana) era in Rajputana was one of igneous

and orogenic activity, localized and more or less confined to the

Aravalli region, so that outside this orogenic belt the rocks,

even though so ancient, are unmetamorphosod.
A north-westerly branch of the Aravallis, striking off from

Delhi and extending to the Salt Range, underneath the alluvium,

is revealed by geodetic observations ; another series of positive

gravity anomalies, indicating an iipwarp, suggests a northward
continuation of the range from Delhi to Saharanpur at the edge
of the Simla Himalaya.

The last uplift of the Aravallis must be of post-Vindhyan
date (? Caledonian), though it is probable that they may have
been rejuvenated at some later periods, before the great Permo-
Carboniferous glaciation, during which the Aravallis were a
centre of giant glaciers radiating to distant parts of India. No
orogenic movement has affected this part of the Indian foreland

since the last Aravallian uplift, and subsequent to that the

Indian Peninsula has played a passive r61e all through the
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vista of geological history. The only tectonic movements
of this region are of the nature of block-faulting and tensional

cracks which, however, have affected the Peninsula on a consider-

able scale during the Hercynian period and produced, besides

a number of long linear fractures, a series of fault-troughs—^the

Gk)ndwana coal-l^aring basins of east India.

2. The Potwar Oeoayndine.

The Punjab foreland, just north of the Salt Range and the

area last described, is a deep structural trough. 26,000 feet

of Tertiary sediments, from the Eocene to Pleistocene in a
conformable sequence, is folded into this synclinal basin Ijdng

between the Salt Range and the skirt of the Hazara Himalaya.
This rock sequence epitomises the whole Tertiary geology of

North-western India.®» The syncline is 70 miles broad
and 160 miles long, tapering out east of the Jhelum into the

Siwalik foot-hill zone. The structural axes in the Potwar region

run generally E.N.E.-W.S.W. The floor of the basin is the

deeply eroded, peneplaned extension of the Rajputana foreland.

Some isolated exposures of its rocks are met with south of the

Salt Range in a chain of hillocks near Sargodha, with a
north-westerly strike. The Potwar basin is regarded as a

north-westerly ramification of the vast Indo-Gangetio trough,

into which it merges to the south-east. The simple structure

of the main part of the fold is replaced at its northern margin
by a series of much plicated isoclines and recumbent folds as

the mountain-foot is approached (Kala Chitta and Margala hills).

Here the strata are tightly packed and faulted, the dominant
structure being isoclinal, all the folds being overthrust from north

to south. To the south of this is a broad belt of open folds,

with their axial planes dipping north and separated by strike-

faults hading in the same direction. The parallel lines ofreversed

faults (boundary-faults) of the Himalaya become recognisable

east of the Jhelum ; trans-Jhelum they disappear in anticlines.

The southern rim of the Potwar basin is the gentle dip-slope

face of the Salt Range with a highly sinuous alignment. In
the opposite southern scarp face of these mountains, rising

steeply above the flat alluvial plains of the Punjab, are laid

bare the Paleozoic and Mesozoic rocks that were deposited on
the foreland during prolonged but shallow marine transgressions

of the old (pre-Tethyan) Himalayan sea during the Dravidian
era and of the Tethys during the Aryan era (the long marine
period of the Himalayas from the TJralian to the Eocene). Both
these systems of deposits were of the epicontinental type. The
southern edge of the Potwar plateau, as revealed in the Salt

Range escarpment, is ofgreat interest in the tectonics ofNorthern

India. It reveals tectonic movement of a momentous nature,

the whole range having slid forward bodily along a plane of
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thrust that must have offered such resistance as to impart a

highly tortuous base-line to this line of abrupt-faced mountains.^®

structurally it is a disrupted monocline, its severed upper limb
overriding and completely obliterating the southern limb. The
Salt Range has lately been studied in detail by E. R. Goo, who
postulates a thrust-plane, along which the bottom rocks of the
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Potwar basin have moved towards the south, and partly to the

east, involving a horizontal tlirust of nearly 20 miles.* Its

further movement was arrested by the resistance of the Sargodha
ridge of the foreland referred to above, which lies buried at no
great depth under the alluvium. The great dent in the alignment
of the mountain at the Indus marks the site of this obstruction.

Tectonic movements in the Salt Range continued into the

Pleistocene in sympathy with the later Himalayan orogenic

operations.

Between the isoclinally folded Kala Chitta hills and the

monoclinally thrust-faulted Salt Range, the Potwar depression

lies without notable compression or faulting. To the south-east

a portion of the fold is covered up by the Punjab alluvium,

another portion merging into the Siwalik belt of Jammu and
Simla. The basin structure so pronounced in Potwar gradually

flattens and wddens into the broad shallow Indo-Gangetic trough.

3. The Indo-Oangetic Trough.

The gentle down-warp structure of this region is now
generally accepted—^a foredeep in front of the crustal buckling

of the Himalaya, and produced as a concomitant of that uplift.^

There is much structural evkhmce for this belief, against the

concept of its being a deep rift-valley or a ramp-valley.^ It is

now regarded as of moderate depth, carrying on its Archaean
floor about 15,000 ft^ot of sub-reccmt river alluvium, overlying

a shelving bank of older fluviatile sediments of the Siwalik

and Murree epochs (Mio-Pliocene). Recently gravity surveys

have been interpreted as indicating a lesser depth for these

lighter (le})osits, aggregating only 6,500 feet,^^ resting on the

denser bed-rock. The depth ofalluvium is at a maximum between
Delhi and the Rajmahal hills and it is shallow in Rajputana and
between the Rajmahal hills and Assam. The floor is probably not
an ev(ui plane, but is (;orrugated by inequalities. An upwarp of

the Archaean rocks in structural prolongation of the Aravalli axis

is r(‘ferred to above. This fact, in conjunction with the observa-

tion
*f

of some traces of an older anomalous transverse strike,

diagonal to the direction of compression of the Himalaya in the

sub-Himalayan belt of Garhwal, suggests that the Palaeozoic

orogeny of India has not interf(*red materially with the Himalayan
orogeny. It has however played a part in modifying the shape

of the Indian trough, producing two festoons on the southern

border west and east of the Delhi wedge, the synclinorium being

narrowest between Delhi and Hardwar. It was Suess who first

regarded the great Indian trough as a ‘ foredeep ’, the Peninsular

A memoir on the Salt Rang© by Mr. E. R. Gee is under prepara-

tion.
+ C. S. Middlemiss : Mem. Oeol. Surv. Ind., Vol. XXIV, p. 183, (1890).

7
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shield sagging in front of the advancing crust-folds. The

boundary between the trough and the Himalayan foot is marked

by lines of parallel reversed faults ^ which, within certain limits

can be interpreted as delimiting the boundary of the Outer
Himalaya at several successive periods of its uplift, from the
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Eocene to the end of the Pliocene. These reversed faults,

designated as the ‘ main boundary faults can be traced from
the Punjab to the Eastern Himalaya, though they cease to be

of the nature of limits of deposition of piedmont sediments

in the Assam region in the East and in the Poonch hills in the

extreme North-West in Kashmir.
Northward of these fracture-lines are the gnuit thrust-planes

along which slices of the mountains have moved to the south,

bringing pre-Tertiary rocks of th(^ inner Himalaya in contact

with the late Tertiari(\s of the foot-hill zone. A number of such

thrusts have been lately mapped in the west and central

Himalaya. The southern limit of the trough shows no structural

peculiarities or features of any impoi tance.

The floor and northern border of the great trough is presum-

ably under mechanical strain due to the progressive downwarping,
with the greatest subsidence in the sector adjoining the mountain

-

border. Combined with this is the severe plication along the

whole northern rim. It is (jonceivable that the alluvium conceals

a zone of similar folding and faulting further south. The
earth(piake belt of India runs along the north margin of the

plains from the Malay arc to the Iranian arc. The seismic

instability of this part of India is well known, it being the site

of the epicentres of the great majority of the known Indian

earthquakes.

4. The Assam Plateau and Assam Valley,

in its composition as well as in geotectonics the Assam
ranges and plateau are a part of the gneissic mainland of the
Peninsula., being its north-easterly promontory, in strike conti-

nuation of the Hazariba-gh and Rajmahal hills. Along with
the gneiss, some patches of a few of the characteristic Peninsular
formations are observed in Assam, e.g. the Dharwars, Lr.

Gondwanas (according to C. S. Fox), the Sylhet trap. Upper
Cretaceous of Tricliinopoly facies and laterite. The intervening

Malda. gap is due to the erosion of the connecting rocks by the
shifting channels of the Ganges and Bralimaputra and to the
filling up of the hollow by comparatively shallow alluvium.
As in the case of the north-west, or Kashmir cape, this tongue
of tlu^ foreland has probably played a large part in moulding
the axial bend of the Eastern Himalaya around it, as we shall

see in the sequel. The post-Archaean rocks of Assam plateau

are unfolded and horizontal, as is so generally the case with
the Peninsular formations

;
though on either side of the plateau,

to the north and south, at a distance of only a few miles, the
Tertiary rocks are plicated, overturned and overthrust, both
in the Himalayan foot-hills and in their strike continuation,

the Patkai and Naga ranges.
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In its geotectonics and in the way in which it has reacted to

the crustal movements on its three sides, the Assam promontory

of the Gondwana horst is of the highest interest to geologists.

According to C. S. Fox and P. Evans, who have carried out
detailed field work in the Assam hills and the plateau eountry,
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the Assam valley, deeply buried under the Brahmaputra
alluvium, is underlaid by the Archaean rocks of Assam, and is

a good example of a ‘ ramp valley ’ that has by pressure and
overfolding been so jammed that its present breadth is only

a small fraction of the original. During this process the central

granite massif of the Shillong plateau, which acted as the pivot

against which the mobile crust moulded itself in a syntaxial bend
of the mountains, has not emerged unaffected. According to

Fox, the Shillong massif, which presents a long gentle slope

towards the Eastern Himalaya, and a stoop scarp face to the

south, is rent by N-S running cross-faults, which have sliced

the plateau into blocks pushing them southwards en echelon.

TT. Stkitcturk of the Himalayas.

We must now turn to consideration of tlui structure of the

Himalayas which rise* abruptly from the* ])lains covering the

foreland. The edge of the plains, however, does not represent

the boundary of the foreland, but as we shall see, a considerable

width of the latter is covered under the sub-montane Tertiary

deposits of the foot-hills (Sub-Himalaya). The outermost of

the thrust-planes discussed in the sequel may be taken to be

the real boundary of the Himalayan geosynclinc with the Gond-
wana coast land,

5. The Hamra-Kmhmir Syntaxia.

The trend-line of the Himalaya is determined by the shape
of the Archeean massif of Gondwanaland which is believed to

have played a passive role against the weaker crustal zone
of the Tethys geosyncline pressing southward. For 1,500 miles,

from Assam to Kashmir, the Himalayan ranges follow one
dominant orogenic strike, at first E.-W., later S.E.-N.W. and
then appear to terminate suddenly at the peak of Nanga Parbat

(26,620), one of the grciatest eminences on the central axis.

This abrupt te^rmination was a puzzle
; topographic surveys

failed to find any line of heights to continue the chain west of the

Indus. Geological survey of the country,^® however, clearly

showed a sharp southward bend of the mountain-strike on
itself, pursuing at first a south and then a south-west course,

through Chilas and North Hazara, instead of pursuing a north-

west course through Chitral. All the geological formations

and the axis of every individual fold follow this sharp hair-pin

bend of the strike as if bent round the pivot of Nanga Parbat.

This inflexion, moreover, is not confined to the central ranges

only, but it affects some 300 miles depth of the mountains
from the Punjab piedmont to the Pamir plateau, which itself

shares the same flexure. On the western side of the syntaxis,

the Himalayan strike sweeps from the prevalent N.E.-S.W.
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to a S.-N. direction in Upper Hazara and continues so to Gilgit

(Latitude 36®N.), then it turns W.-E., the Pamir plateau showing

a distinct equatorial disposition of the fold-lines. To the south

and east of this the main tectonic strike, or ‘ grain ’ of the

mountains in Astor and Deosai quickly takes a N.W.-S.E.

orientation—a direction which gradually changes to a W.-E.
trend in Sikkim and Assam. Suess explained the above pheno-

menon as due to the meeting and conflict of the two opposing

orogcnic systems of the Himalaya and Hindu Kush, both suffering

a deflection and undergoing an acute bend at the line of contact.

Stratigraphic and geotectonic facts, as brought to light in detailed

field work in this area are, however, decisive against two systems

of orography being concerned here, but prove a remarkable

identity and continuity of the Himalayan system on the two
flanks of the syntaxis. Not only do the stratigraphic systems*

of Kashmir pass over into Hazara round the re-entrant, but

the individual fold-systems and their structural relations with

one another are also identical.

Wadia in 1931 suggested that the acute bend is due to the

nioulding of the Himalayan orogeny as it emerged from the

Tethys round a tongue-like projection of Gondwanaland—the

Punjab wedge. On meeting with this obstruction, the northerly

earth-pressures resolved into two components, one acting from
the north-east, the other from the north-wc^st, against the

shoulders of this triangular promontory. Thus it has happened
that the Hazara mountains are in their geological structure

and composition, a replica ofthe Kashmir mountains. Westward
the axial continuation of the Himalayan geosyncline is observable

as far as Campbellpur, beyond which it will be decided by future

field work in the Trano-Afghan frontier.

Tectonically the Kashmir Himalaya consist of three struc-

tural elements :

(1) The tongue of the foreland, its peneplaned surface

being buried under a thick cover of Murree (Miocene) sediments.

(2) A belt of autochthonous, mainly recumbent, folds consist-

ing of rocks ranging in age from Carboniferous to Eocene, thrust

against and over the foreland covered under Murree series

(Murree thrust). Southward over-folding and thrusting, with
a dominant north-east dip, is the prevalent structural tendency
of this region.

(3) The nappe zon>e of inner Himalayan rocks which has
travelled far along a horizontal thrust (Panjal thrust) so as to

lie fitfully sometimes against a wide belt of the autochthone,
at other times almost against the foreland. The Kashmir
nappe is composed mostly of pre-Cambrian sediments (Salkhala
series) with a superjacent series (Dogra Slate), forming the
floor of the Himalayan geosynclinal that has been ridged up
and thrust forward in a nearly horizontal sheet-fold. On this

ancient basement lie synclinal basins containing a more or less
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full sequence of fossiliforous Palaeozoic and Triassic marine

deposits in various parts of Kashmir. The latter are detached

outhers of the Tibetan marine zone, which in the eastern

Himalaya is confined to the north of the ce^ntral Himalayan
axis.

The most important tectonic feature of this region is the

occurnmcc of two great concurrent thrusts on the southern

front of the Himalaya, tlelimiting the autochthonous belt,

which have been traced round the r(‘-entrant from the Hazara
border to Halhousie, a distance of 250 miles. Of these two
thrusts, the inner one (Panjal thrust) is the more significant,

involving large scale horizontal displacemtmts. The outer,

the Murree thrust, shows greater vertical displacement and is

steeper in inclination but has an equal persistt^ncy over the whole

region. In its geological structure, the autochthonous zone

between the two thrusts is composed of a series of inv(Tted

folds of the Eocene (Nummulitic) rocks, enclosing cores of Upper
Carboniferous, Permian (Panjal volcanic series) and Triassic,

closelv plicated and sheared, but with their roots in situ. See

Plate V.
In the najjpe zone to the north are more tlirusts, not easily

recognisable in the crystalline complex which builds the Great

Himalayan range of the centre. These thrusts, however, are

not of wide regional or tectonic significance. As a tectonic

unit, th(^ Great Himalayan range is made up of the roots of the

Kashmir nappe, the principal geanticline within the main
Himalayan geosyncline, consisting of the Archaean and pi’e-

Cambrian sedimentary rocks together with large bodies of
intrusive granites and basic masses. Several periods of granitic

intrusions have been observed, the latest b(*ing post-Creta(;eous,

or still later, connected with the earlier phases of th(i Himalayan
uplift. A subordinate element of the Great Himalaya range
is formed by the southward extensions of the representatives

of the Tibetan belt of marine formations belonging to the

Paheozoic and Mesozoic.

6. The Nappes of the Simla Himalaya,

Detailed mapping and study of the metamorphic gradations
in ancient rock-complexes have led G. E. Pilgrim and W. D.
West to conclude that the rocks of the Simla-Chakrata area,

lying to the north of the Tertiary belt (Outer Himalaya), are
not in the normal position as previous observers had believed,

but have undergone complex inversions and thrustingj^»i^

Four ovorthrusts are noted which have trespassed over the
64 miles broad Upper Tertiary area of Kangra and constricted
it to barely 16 miles at Solon. The thrusts represent flat

reciimbent folds of great amplitude, showing bodily displacement
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from the north towards the autochthonous bolt of the south-west.

The pre-Cambrian (Jutf)gh and Chail series) is piled up on the

Carboniferous and Permian systems (Blaini and Krol series),

the entire sequence being totally unfossiliferous. Evidence of

the superposition of the highly metamorphosed pre-Cambrian

(Jutogh and Chail series), building some of the conspicuous

mountain tops of the area (Klipptm) over the less altered Lower
Palaeozoics and Blaini beds (Upper Carboniferous), is obtained

by a study of relative metamorphism and the structural relations

of thrusts and disc^ordances. The older rocks, now isolated,

were once y)art of a continuous sheet over this area but are now
sej)arated from the roots in the north by the deep valley of the

Sutlej. To the south of the thrust zone, in the foothills, the

olderTertiaries (Nummulitics) are separated from newer Tertiaries

of th(» foot-hills by the series of parallel reversed faults which
have been designated as boundary-faults : (1) separating the

Upper T(Ttiary from the Lower Tertiary, and (2) separating

the Lower Tertiary from pre-Tertiary rocks. This last
* boundary ’ hiult is really an overthrust corresponding with the

Murree thrust of the Kashmir mountains. Medlicott, Oldham
and Middlemiss regarded these faults and thrusts not as disloca-

tions but also as limits of deposition, no Upper Tertiary occurring

north of the outer fault and no Upper or Lower Tertiary occurring

north of the inner fault. Though this conception still holds
true to a large extent the^re are exceptions, here, as in the other
parts of the Himalaya, viz. the occurronc;e of NummuUtic
and later Tertiaries to the north of the inner lino of faulting.

The nappe zone of the Simla region makes a more striking

feature than in Kashmir. It commences some miles north
of Solon and follows a meandering E.S.E. course separating
the Krol (Permo-Carboniferous) belt by the two great thrusts,

Jutogh and Uiri, which correspond with the Panjal thrusts of the
western Himalaya. The outer limit of the Krol belt is the Krol
thrust, corresponding to the Murree thrust of Kashmir. As
shown by West and Auden, the Krol thrust itself is steeply
folded by later disturbances which have plicated the Krol belt.

This Krol belt,^® which tectonically corresponds with the Panjal
range of Kashmir Himalayas, extends along the Outer Himalayas
for 180 miles south-east of Solon in a tightly compressed sequence
of Permo-Carboniferous strata. Near 8olon, Tertiary rooks crop
out as windows from under the Krols.

East of Nahan the Krol thrust transgresses southwards
and overlaps the main boundary fault. Broadly speaking,
the Krol zone of Simla corresponds with the autochthonous
fold-belt of Kashmir, but as with the latter area, the autochthone
is often greatly narrowed and at places obliterated by the
approacli of the nappe-front of the gently inclined over-thrust
slices from the north. Here and there as at Solon, the Krol
zone itself is deformed and thrust forward over the Nummulitics.
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W. I). Went is continuing the field work to the north in

this area and is tracing the continuity of the nappes to the root

zone in the crystalliru' area beyond the bend of the Sutlej. He
has mapped in the Shali-Siitlcj area a ' window ’ exposing

younger rocks by the denudation of th(‘ overlying older rocks.

The sides of the window are formed of the Chail series showing

an epi grade of metamorphism. Within the window then^

occur Upper Pal8B:)zoic, Nummulitic and Miocene rocks, dipping

centrifugally beneath the Chail cover. The base of the Chails

is a plane of meclianical contact and marked dis(?ordance, some
recumbent folds and thrusts l)eing developed in the Tertiary

strata imrnediatc'ly beneath the Shali thrust.

Massive porphyritic granite is intruded on a large scah‘

into the pre-Cambrians. This granite is part of the central

crystalline axis of the Himalaya, as in Kashmir and Hazara. *

7. The Superposed Nappes of the Oarhwal Himalaya,

The tectonics of this part of the Himalaya is discussed in

a recent paper by J. B. Audem.^o Two nappe^s, the Krol and the

Garhwal nappe, arc^ 8uperf)oKed oni^ on the otluT and thrust

forward to the obliteration of th(^ autochthoru' at places.

Middlemiss* and Criesbach’s previous study of this section of

the Himalaya had given, in conformity with the tectonic id(‘.as

prevalent then, a simple interf)rct.ation to the profile across the

Garhwal Himalaya, involving no horizontal displacements ^

Proceeding north-east from the Sub-Himalayan Upper
Tertiary zone (Siwalik and Dagshai), there are encountered,
according to Auden, tin? following well-defined units :

—

(1) The autochthonous fold- belt- comprising a substratum
of Simla Slates folded in with the Eocene, Dagshai and Siwalik

st'rics. Its out(*r boundary is the reversed fault, ‘ the main
boundary fault ’ of Middleniiss.

(2) The Krol nappe, comprising a thick succession of rocks
in the Krol series (probable Permo-Carboniferous) overthrust
upon the Nummulitics and Dagshai of (1). The maximum
thickness of the succession in the Krol nappe is of the order of
20,000 feet. This secjuence is a normal one and there is no
inversion due to recumbent folding.

(3) Tht^ Garhwal napi)c supcirposed on the Krol nappe,
the relations Ixu'ng such that the Nummulitic, Jurassic and
Krol rocks belonging to the underlying Krol nappe, completely
surround the older Palesozoic metamorphosed and schistose

series of rocks of the superincumbent nappe and dip below them
in a centripetal manner. The two major thrusts of the area
are seen in Fig 8. The outer, Krol thrust, is continuous witli

the Giri thrust of the Simla hills and runs south-east beyond
Naini Tal. The inner, Garhwal thrust, is not a continuous
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plane but circumscribes cake-liko masses of older rocks lying

over the Krols in detached ‘ outliers

(4) The Great Himalayan range of crystalline phyllites

and schists made up of metamorphosed elements of the Garhwal
nappe (which had its root in tliis part) together with the phyllites,

paragneisses and schists, and intrusive granite bodies. It marks
roughly the apex of the geanticline within the main geosyncline

of the Himalaya.

(5) The Tibetan zone of fossiliferous sediments ranging

111 age from Cambrian upwards to the Cretaceous is confined

to the north of the last zone in this part of the chain, unlike

Kashmir, where it occurs considerably to the south of the crystal-

line axis as well. The high peaks of the snowy central range

of the Himalaya, generally composed of granitic rocks define

the southern limit of this zone.

8. Eastern Himalaya—Mount Everest Region.

The successive Mount Everest expeditions have brought
forward data from which it is possible to interpret the tectonics

of this region. The stratigraphical work of A. M. Heron,

^

N. E. Odell and later of L. B. Wager enable us to do this.

Both the Tertiary (Siwalik-Nummulitic) zone of the foot-hills

and the autochthonous belt are greatly naiTowed and obliterated

in this part, though the tectonic; relations indicate the same
large-scale inversions and thnists. The Siwaliks are in mechani-
cal contact with the terrestrial and fluviatile Permian Lower
Gondwana beds (autochthonous), which again are overthrust

northwards by the; pre-Cambiian Baling series of Darjeeling.

This thrust bounds the nappe; zone of this area, which has here

transgressed considerably farther southward over the autochthon-
ous tlian in the areas we have considered. A broad stretch

of undifferentiated crystalline and metamorphic complex,
comparable with the Jutoghs and Salkhalas of the western
Himalayas, among which the Balings preponderate, together
with intrusive granite and gneiss, builds the mountain-ranges
intervening between the thrust-zone and Mount Everest group
of high peaks. Detailed field-work in this region may reveal

in this basement complex representatives of the Krol and Blaini,

embedded in the axial depressions of the horizontally reposing
sheet-folds.

Mount Everest and its satellite peaks lie on a culmination
of the Great Himalaya range and are largely composed of meta-
morphosed sediments, originally shales and limestones, now
converted to homfels, finely foliated calc-schists and recrystal-

lized limestones, traversed by muscovite-tourmaline-granite.
Mount Everest marks approximately the southern limit of the
Tibetan fossiliferous sedimentary zone. Altered and crushed
rocks belonging to the latter, rest over the foliated gneissic
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complex of Everest in a prevalent northerly dip, commencing
with metamorphosed Permian series of shales, limestones and
quartzites, containing a brachiopod fauna with some deformed
Productus and Sjjirifer. The actual summit of Mount Everest

(29,002) is composed of a limestone coming below this Permian
series. From these bottom Permo-Carboniferous to Permian
beds there is an ascending series of strata towards the north
encompassing the Triassic and Jurassic system, indicating

a decreasing degree of mechani(;al deformation. In the longi-

tudinal synclinal folds into which these are plicated, Cretaceous
and Eocene strata are recognized by their fossils. A broad
belt of the Mesozoic and Eocene rocks was trave^rsed by Sir H. H.
Hayden and Sir Sven Heden during their travels in southern
Tibet.

The Eocene is the newest stratigraphic system detected

in the Tibetan zone of the Himalaya from Kashmir to Sikkim.
Eocene strata are involved in the earliest system of flexures of

the inner ranges at both these localities, as well as in Hundes,
where they lie to-day at 20,000 ft. altitude.

From the data available we recognize in the chief structure-

zones of the Sikkim Himalaya, eastward prolongation of the

tectonic zones of Garhwal, Simla and Kashmir, though in greatly

varying widths.

9. The Conjectural Syntaxial Bend of the Assam Himala/ya,

This part of the Himalaya, geologi(;ally speaking, is still

a terra incognita as far as its stratigraphy and rocks are concerned.

The tectonics are likewise unknown of the interior parts. Never-

theless the few data that are available from field observations in

the Eastern Himalaya, the Abor and Dafla hills, the Sadiya

Frontier Tract and the Naga hills permit some tentative views

on the strike and alignment of the ranges. The structural

strike of the mountains and the disposition of the fold-axes at

the above-named localities strongly suggest a deep knee-bend of

the Assam Himalaya towards the south, the re-entrant being

in this instance deeper and more acute than is the case with

the north-western syntaxis. The obstructing block in the present

case must be the granite massif of the Assam plateau, connected

underground through the Rajmahal hills with the Peninsular

horst. (See Fig. 9.)

The south flank of the Assam Himalaya shows a general

north or north-westerly dip of the beds, the faults and thrust-

planes also hading in the same direction. On the opposite

flank of the deep hair-pin bend, enclosing the plateau and the

valley of Assam, are the Naga hills, showing south-easterly

dips along with a number of strike-faults and thrust-planes,

all hading towards the same direction. Percy Evans considers

that there is much evident similarity between the disposition of
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the Tertiary strata of the Assam Himalaya and those of the Naga
hills and the age of faulting also, as far as can be ascertained,

is the same. The compression of the tongue of foreland enclosed

and overthrust V)y the two flanks of the syntaxis is enormous,

as if between the two jaws of a vice.

PalsBontological evidence supports the inference that the

Himalayan chain bends southwards and does not continue

on its eastward alignment into Cliina. The Mesozoic flora of

Burma is different from the homotaxial Upper Gondwana
flora of India and is more allied to the flora of China—a quite

distinct palseo-botanical province from India. This separation

of the life-provinces of Gondwanaland and China, lasting from
the Upper Carboniferous to the Cretaceous is a fact well estab-

lished by Halle and Sahni ;
the cause of this separation can

only be attributed to the interposition of the barrier of the

Tethys sea. Again, the Cretaceous system of Burma reveals

no connection, ffiunistic or stratigraphic, with contemporary
deposits of the closely adjacent Assam province (a part of

Gondwanaland), but it shows marked affinities with the

Cretaceous of Sind and Baluchistan—a Tethyan province.

The Tibetan zone of Himalayan stratigraphy, disposed to the
north of the crystalline axis of this mountain chain, extends
into Sind on the west side and to Burma on the east.

nr. The Okographic Trends op North India and their
RELATION TO THE CENTRAL ASIATIC MOUNTAIN-SYSTEMS.

Recent work in Ferghana (E. Turkestan), and in the Pamir
region by the Russian geologists, and in the Himalaya by the
(Geological Survey of India tends to establish a unity of structural

plan and features, disclosing a common cause and origin for all

the great mountain systems of (Central Asia, both of the Hercynian
and of the Alpine age. Fig. 9 is a sketch-diagram showing the
alignment of the principal Asian ranges. It is probable, as

Argand btdieves, that powerful crust, movements of the Tertiary
atid post-Tertiary Alpine orogeny superseded, and in a great
measure altered, the old Altaid trend-lines of Asia

;
the existing

alignment of all the ranges, therefore, which meet in the Pamir
knot, is largely the work of the late Tertiary diastrophism.
The orientation of the Tien Shan-Alai-Kuen Lun system of
radiating chains in the north, that of the Hindu Kush-Karakoram
arc of the middle, and of the deeply reflexed Himalayan arc in the
south, all fuse in the Pamir vortex or knot, a crust segment
possessing unique significance as having an equatorial strike

orientation in the midst of numerous divergent trend-lines
radiating away from it. To the south of the Pcxmirs is the Punjab
wedge, the pivot on which are moulded the Himalayan syntaxis
and the Hindu Kush-Karakoram syntaxis. This N-S line
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of the crust connecting Pamir with Punjab is thus of critical

importance in the orography of Asia and will take a key position

The HJmalayan Qeosyncline and Its relation to adjacent nnountaln-svstem*

(After Burrard & Mushketov).

Fig. 9.

in future work on orogenesis and me<*hanics of crusta] motion
in mountain-building.

The festooning of the Himalayan arc, caused by the reaction

of the more plastic earth-folds pressing against the Indian horst

is of great interest. We have seen the two most prominent
of these in the Punjab and Assam wedges causing acute looping

of the mountain-arcs. An equally abrupt syntaxis of the

mountain-folds wliich belong to the south-eastern flank of the

•Suleiman bifurcation of the main Himalayan axis as it joins

on with the Iranian arc to the west, is seen near Quetta

in Baluchistan. This comparatively minor but most spectacular

re-entrant shows a bundling up of a multitude of normal anti-

clines and synclines of Tertiary, Cretaceous and Jurassic strata

into a closely packed sheaf and forced out of straightness by

8



114 Part II, Presidential Addresses. (24)

two abrupt curves. These curves, involving a bending of the

fold-axes through 120® and 150®, are the result of some crustal

peg arresting the free movement of the fold towards the south,

under pressures acting from the north or north-west.

From these considerations the view is expressed that the

(Ireat Himalaya Range from the gorge of the Brahmaputra
in the east to Nanga Parbat on the Indus in the north-west

denotes the Himalayan protaxis, the axis of original upwarp
of the bottom of the Tethys geosyncline. At both its ends it

has undergone sharp southward deflections owing to the termi-

nation of the obstru(ition offered by the north edge of the

Gondwana block and its projecting angles and capes.

Stratigraphic and tectonic work in the field have provided

no convincing data for fixing with certainty the direction of

cTustal motion and displacements in the North Indian region,

and two contradictory views prevail. The markedly convex

trends of the Malayan, Indo-Burma, Himalayan and Iranian

ranges, away from the centre of Asia give support to the view

whic^h postulates a southward drift or creep of the crust from
middle' Asia towards Gondwanaland. The irregularities, devia-

tions, and convexities are, on this view, ascribed to the resistances

offered by the irregular front of the rigid blocks of Peninsular

India, Arabia and perhaps to a less extent north-east comer
of Africa. The alternative' view does not regard Gondwanaland
as a passive resistant blo(!k only, but as an active agent in pressing

the plastic geosyn(^linal strata of the Tethys basin northwards.

It does not credit a single, united southward movement as

competent to })roduce the convexities of island and mountain
arcs (the Pacific arc facing east and the Himalayan facing

south-west), but regards underthrusting of the o('ean floor

and a positive northward drift of the Indian foreland as a more
probable source of crustal compression. The latter view has
the plausible support of isostasy. For, on a lateral or radial

spreading out of Central Asia, there ought to be a defect of
matter in the Tibet-Mongol region, which on the contrary,
shows a great superficial excess and has the greatest, amount
of land-mass protruding above the mean sea-level of any region
in the world. A northward drift of continental masses, however,
remains to be proved. Measurement of the astronomical latitude
at Dehra Dun and elsewhere in India has been repeated at
different times during the last 100 years

; the results have shown
a few irregular changes, but there is no suggestion of any conti-

nental drift either to the north or to the south.

On the whole the evidence from structures lends support
to the view which postulates tangential pressures from the North.
Suess, J. W. Gregory, Bailey Willis, Mushketov and the Russian
geologists who have worked in the Pamir-Turkestan field, liave all

assumed this as the main direction of earth-pressure in the
post-Tertiary earth-movements of Central Asia and India.
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IV. Gravity Anomalies in the Himalayas.

A volume of data from gravity stations scattered over
various parts of the Himalayas has been collected by the Greodetic

branch of the Survey of India. Their computation has given
results which are at variance with the hypothesis of Isostasy
and the views commonly held about mountain compensation.
These data reveal a large negative anomaly in the Indo-Gangetic
trough area, filled with alluvial deposits, about 18% lighter

than average rock and a large positive anomaly, indicating

excess of matter in the Outer Himalaya
;
while again there is

a negative anomaly in the lofty Depsang plateau of Ladak,
composed of rocks of normal density. Gravity observations

prove that there is a defect of compensation in the outer ranges
of the Sub-Himalaya, i.e. the area is one of overload. This
defec^t increases in amount until, according to Oldham, ‘ at some
50 miles from the edge of the hills it roaches an equivalent to

an overload of about 2,000 feet of rock. In the interior of the
Himalayas, in the central ranges, observations show that at

about 140 miles from the edge of the mountains this overload
has disappeared and compensation is in excess.’ This fact

would indicate that the middle ranges mark a zone of special

uplift and that their underload is due to excessive erosion sub-

sequently. These variations in the balance between topography
and undiirground compensation, according to the same authority,

lend some corroboration .to the theory of support- of mountains
by flotation but seems to suggest the rather over-reaching

coiKjlusion that the growth of the support has been more rapid

than tliat of the range above it !
‘ The primary problem then

becomes, not as to how the Himalayas are supported at their

actual height, but why they are not even loftier
;
in other words,

the problem is carried one stage further back, from the origin

of the range to the origin of its root.’*

Thes(‘ facts arc not easily accounted for by Isostasy, but
perhaps it is possibh* to give a satisfactory explanation

for the obst^rved discrepancies regarding excesses and defects

of mass in the different parts of the mountains on geotectonic

grounds, involving a flexuring of the deeper and denser sub-

crustal layers in the upheaving of the chain. Col. E. A. Glennie

of the Survey of India has suggested a ‘ crustal warp ’ hypothesis

which seems to offer a possibility of explaining these discrepancies.

These crustal warps elevate or depress the denser more basic

layers of the sub-crust, which underlie the more acidic rocks

of the surface, above or below their equilibrium plane. The
theory, liowever, is still in the stage of examination and trial.'^

Geodetic measurements are charting out regions of excesses

or defects of gravity underneath the surface crust in India. From

* R. D. (Ildham : Quart, Joum. Geol, tSoc., London, Vol. LXXII,
p. ix, (1916).
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these observations Burrard^s ‘ Hidden Rang© ’ has emerged as

a fact—a belt of underground excess of gravity traversing the

north boundary of the Peninsula from Orissa to Sind, approxi-

mately parallel to the trend of the Himalaya. This hidden

<*hain or range of density, which runs quite independently of

surface irregularities or geological composition, was first postu-

lated in 1901* by Sir Sidney Burrard from positive and negative

gravity anomalies obtained from deflections of the plumb line

at a number of stations along and to the north and south of the

axis of this feature. The origin of Hiis remarkabh; feature of

underground geology of India has not received any satisfactory

theoretical explanation, though Hollarurs suggestionf that the

excess of density is due to a chain of intrusions of dtuise dunitic*

rocks to the iipp(‘r layers of the crusi; is so far the only plausible

explanation offered. The parallelism of the Hidden Range with

the Himalayan protaxis cannot be entirely ac^cidental and may
have a structural significance, suggesting an upwarp of the

fiima layers, parallel to the downwarj) of the Gangcdic trough.

V. The Aoe of the Tectonics of Northern India.

Evidence of the extrcnu^ youth of Himalayan orogeny

has multiplied of recent years. The tilting and elevation of

the Pleistocene lake and river deposits of the Kashmir valley

(Karewa series) containing fossil plants and vertebrates, to a

height of 5,000-6,000 feet
;
th(‘ dissection of river-terraces contain-

ing post-Tertiary mammalia to a depth of over 3,000 feet and the

overthrusting of the older Himalayan rocks upon Pleistocene

gravel and alluvia of the plains have been noted by the (h*ological

Survey of India and other observers. H. M. Lahiri of the

Geological Survey has observed clear thrust-faults at th(‘ foot

of the Siwalik range of Ambala and Hoshiarpur, Punjab, whereby
the Upper Siwalik boulder-conglomerate is pushed over horizon-

tally bedded Indo-Gangetic alluvium, whose age he considers

cannot be earlier than sub-Recent. De Terra has made during
the last few years valuable observations on Pleistocene orogeny in

the North-West Himalaya and correlated the earth-movements
there to the later phases of glaciation, whidi in terms of the
standard time scale, would be post-Middle Pleistocene.J The
initiation of Himalayan mountain-building took place in (1)
post-Nummulitic, (Oligocene), time at the earliest, since when
the two major phases of upheavals, as revealed by clear strati-

graphic evidence, are (2) the post-Miocene, which plicated the
broad piedmount zone of Murree sediments, and (3) the post-

* Sir S, G. Burrard : Sui-vev ot India, Prof. Paper, No. 6, Dehra Dun
1901.

t Sir Thomas Holland : Presidential Address, Geology Section,
British Association, 1914.

t H. de Terra : Memoir on Pleistocene sequence of India, under
publication.
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Pliocene, continuing late into the Pleistocene, which has uplifted

the Uppermost Siwalik sediments containing Bos, Ehphas,
and some artefacts of prehistoric Man to a steeply inclined or
vertical position in the Punjab foot-hills (Rawalpindi and
Kangra). The main downwarp of the Plains of Punjab,
Bihar and Bengal was (‘oncomitant with (2) and (3) phases
of Himalayan elevation.

In the Salt Range and in th(‘ Assam ranges, two periods

of uplift are recog ized, (1) post-Eoeene or Oligocene, and (2)

Pliocene, which continued till late into the Pleistocene. This
latter diastrophism was probably a sympathetic event
accompanying the final Hinialayan phase. The Assam plateau

has rectuved also an ej)eirogeni(* uplift during late Tertiary.

No Mesozoic or late Palasozoic; tectonic movement of

orogenic description arc; detected in the Indian foreland, though
minor warps, e.g. minor marine transgressions during the

Uialian, Jurassic and Crc^taceous, which penetrated the heart

of the Peninsula, accornpanit'd by block-dislocations have occurred

time and again during the long gc^ological interval. The latest

orography of the Peninsula is assigned to the post-Vindhyan
—pre-Talchir (Uralian) interval which folded the penc^planed

Aravalli synclirjorium into a rejuvenated chain, involving in

its plication a selvage of the horizontally beddc‘d Vindhyans

{? Cambrian) on its east flank.

There was no w(dl-d(‘fint^d (^dedonian cycle of (^arth-deforma-

tion in India, while tin* HcTcynian revolutions inanifc^stc'd them-
selves in initiating the Teth^s and in bringing about wide
changes in land and water distribution, in tensional faults in the

Peninsula, but not in the cr6*ation of foldc'd mountains.

The plan of the great edifice of the Himalayas is discernible

only in the haziest outline yet. We cannot be so bold as to say

that the Himalayas are built on the plan of the Alps, nor even

that their architecture is individual. No doubt several tectonic

features are common and the Alpine-Himalayan axis of (;arth-

folding originated in one common and continuous impulse.

But the pro])ortions are so vastly different, that the very magni-

tude of the earth-waves raised in the case of the Himalayas

gave them a comparatively simpler tectonics, while the smaller

convolutions at the other end of the axis may have more severely

plicated the shallower surface folds ;—the one may be like an

ornately built, delicately chiselled chapel, the other a huge sun-

altar of rough-hewn blocks. Perhaps the old pioneers who
worked before us recognised this fact and I hope those that

follow will not entirely ignore this factor.

Gentlemen, I thank you for your courtesy.
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SECTION OF GEOGRAPHY AND GEODESY

President

:
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Pi idential Address

THE PHYSIOGRAPHY OF RAJPUTANA.

As this is the first meeting of a new section, I am fortunate

in being spared invidious comparison with preceding presidential

addresses, but although there would appear to be a wide choice

of subjects upon which to address you to-day, J am limiti^d by
my experience.

As I have spent most of my working life in Rajputana
I propose to say something about the physical features of that

country, especially of the Aravalli range. A condensed account
of its geology is given in the Transactions of the National

Institute of Sciences of India, Vol. T, No. 2, (1936).

First as to its size and shape. It is roughly a rhomb in

shape, with east-west and north-south diagonals, the former about
640 miles long, the latter about 610. Its area is 130,462 square

miles.

The Aravalli mountains intersect Rajputana from end to

end in a line running north-east and south-west, from Delhi

to the plains of Gujarat, a distance of 430 miles. They are a

true folded mountain range, deeply eroded it is true, but still with

several summits exceeding 4,000 feet in height, and are probably
the oldest folded mountains on the globe which still remain
as a range.

The principal geological interest of Rajputana is in its extra-

ordinarily well developed Precambrian and Archaean succession

of six separate systems or series divided by five mappable erosion

unconformities:—(1) The Banded Gneissic Complex and the

Bundelkhand gneiss, (2) the Aravalli system, (3) the Raialo series,

(4) the Delhi system, (6) the Malani series, (6) the Vindhyan
system. It is impossible to estimate the immense thickness of

sediments involved, but their base must reach very far down
indeed into the Archaean.

Three-fifths of Rajputana lie north-west of the Aravallis and
two-fifths to the south-east.

The north-western division is sandy, poorly watered and
sterile. The eastern part is known in a general way as Marwar,
a word which is supposed to mean ‘ the region of death This,

however, implies an exaggeration, for it is a healthy country with

( 119 )
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large villages and towns, though widely spaced. Its hardy people

emigrate freely to other parts of India as traders and manual
workers, and it supplies large numbers of men to the Army. In

the west it is more nearly a desert, the Thar, a land of

sandhills of the seif type of North Africa, long narrow ridges

running parallel to the south-westerly direction of the prevailing

wind
;
they may be as much as 200 feet in height and 2 miles

in length. The barchan, or transverse, crescentic*, type becomes
more common to the north and east, and there are great areas of

gently undulating country of whale-backs of sand, waves which
appear to be fixed and are thinly dotted with stunted shrubs and
tussocks of grass. The central area, containing the Jurassic

out(*rops of Jaisalmer, Banner, Bap and Pokaran, has fewer

sandhills, and along the north-western foot of the Aravallis is a

more fertile tract called Godwar. watered by short stroanls

draining the steep north-western slope of the Aravallis. These
streams from the Aravallis unite to form the Luni River, which
in floods enters the Kann of Kfichh. Except for the Luni
catchment the rest of western Rajputana is a land of enclosed

drainage where the run-off after thci ran* heavy showers accumu-
lates in innumerable casual depressions amongst the sandhills

;

some of those have been of sufficient permaruuice to give rise fo

deposits of salt and soda. Of these the greatc^st is the well-known
Sambhar Lake, one of the principal sources of salt in India. The
Sambhar Lake covers an area of IK) square miles when full, but it

is very shallow and generally dwindles to a mere central puddle
in the hot weather. It has been found that the average content
of sodium chloride in the upper twelve feet of mud is 5*2 per
cent., giving a content of salt stored in thovse upper layers of at

least fifty million tons. As the average production is less than a

quarter of a million tons per annum, there is no immediate
likelihood of exhaustion. The salt is derived from the Rann of
Kachh, blown up by the south-wesf wind in the hot, dry weather
and washed into these depressions by the first heavy showers of
the monsoon.

The sand of the dunes of Western Rajputana probably
has its origin partly in the Rann of Kachh, ‘driven by the
south-westerly gales which blow ac*ross the d(isert for several
months of the year and unimpeded in its advance by streams
of running water, it has encroached upon the land until no
district is entirely free from it, except those lying immediately at
the foot of the Aravalli range, where the numberless water-
courses descending from the hills, although they contain running
water for only short periods, are able to sweep back the sand
blown into them

La Touche * has noted the presence of fossil foraminifera,

1 T. D. La Touche, Mem. Geol. Surv. Ind., 35, Pt, 1, p. 37, (1902).
2 Ibid.y pp. 39-40.
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derived from the Tertiary rocks of Kachh, to a distance of 600
miles from their origin.

The sand is banked up along the south-western flank of any
rocky ridge facing the plain, that is on the windward side, and in

the lee of any knoll or small ridge forms a tail extending to the
north-east. Between the ro(ik and the sand there is usually a

deep narrow ravine, kept clear by the concentrated drainage from
the rocks.

Where there are gaps in the Aravalli range, as for instance

at the Sambhar Lake and east of Sikar, the dunes extend for

miles over the eastern plain, right up to Jaipur City.

Between the foot of the hills and the Luni the country is

fertile and water lies near the surface, enabling well-irrigation

to be done, but to the westward the cultivation becomes patchy
and poorer as the loam shades oif into the sandy waste (the

Tho/r), while the water-table sinks lower and lower until in

Bikaner it is necessary to go down 350 and 400 feet, and even
then the water is often brackisli.

With a good monsoon, however, which may be reckoned
as 10 or 12 inches, even this arid land is covered with light

vegetation which supports great herds of cattle, goats and camels.

1 quote from Aldous Huxley^'s ‘ Jesting Pilate * his descrip-

tion of the Bikaner landscape :

—

‘ Once in every ten or twenty yards, some grey-green

plant,^ deep-rooted, and too thorny for even camels to eat,

tenaciously and with a kind of desperate vegetable ferocity

struggles for life. And at longer intervals, draining the

moisture of a rood of land, there rise, herti and there, the

little stunted trees * of the desert. From close at hand
the sparseness of their distantly scattered growth is manifest.

But seen in depth down the long perspective of receding

distance, they seem like the in fact remotely scattered stars

of the Milky Way—^numerous and densely packed. Close

at hand the desert is only rarely flocked by shade'
;
but the

further distances seem hedged with a dense dark growth of

trees. The foreground is always (h^sert, but on every

horizon there is the semblance of shadowy forests. The
train rolls on, and the forests remain for ever on the horizon

;

around one is always and only the desert.’

The solid geology of western Bajputana has little elfect

on the topography, for the rocks are deeply covered by alluvium

except where groups of stee]), bare hills vary the monotony.
In the south there are gently folded ancient acid volcanic

lavas and their associated hypabyssal granites, granophyres

and porph>Ties (the Malani series), lying unconformably on
a basement of Archeean rocks (Aravalli schists and pre-Aravalli

1 Calligonum polygonoides, ‘ phog Aerua Innata, ‘bhui

2 Prosopis apicigera, camel-thom, ‘ khejra



122 Part //, Presidential Addresses, w
gneisses), the latter forming hardly any physical feature. Under
the insolation of an arid climate, the lava rocks assume strikingly

jagged outlines with the smooth desert patina covering their

cracked interiors, while the granites are exfoliated and honey-

combed into domes and tors, with perched blocks and boulders

like caimon-balls and sacks. This is especially the case with

the Erinpura granite, post-Delhi but pre-Malani in age, which
around Mount Abu and Erinpura gives rise to a tract of bizarre

detacihed hills separated from the main Aravalli range and
culminating in Guru Sikar, 5,646 feet. To the north, around
Jodhpur, these igneous rocks are overlain by horizontal red

sandstones and cherty limestones attributed to the Vindhyan
system. The excellent richly tinted building stone which they

yield has been utilized to the best advantage in the rose-red

cities of Jodhpur and Bikaner and to the vertically scarped*

flat-topped hills they form is due to the dramatic appearance
of the Jodhpur Fort. Chitor Fort, on the eastern plain of Mewar,
is built on a vsimilar cake, but larger, of Vindhyans.

To the north-west, in Jaisalmer and Bikaner, are extensive

slightly elevated areas of Jurassic and Eocene rocks, largely

limestones, forming rocky plains scored by the wind-blown
sand.

South-eastern Rajputana is morphologically more varied.

Essentially it consists of a gneissic plain, typically irregular,

of Archfisans, which slopes gently eastward from the foot of the
Aravalli range to the plains of Hindustan. Its maximum height

is about 1,900 feet. This is Mewar proper (the stony plains of
Mewar, as Kipling calls it), the heart of Rajputana, where the
Rajput social order of chivalry attained its pim^st development
and persists with but little change to the j)resent day. Though
the soil is thin and stony, it is a fairly well-watered country,
with numerous rivers, mere trickles in the dry season, but the
tributaries of which are impounded in many large storage
reservoirs, facilitated by the ribs of quartz, pegmatite, quartzite

and harder rocks which diversify the gneisses. The drainage
falls into the Banas, which joins the Ohambal and by it finds its

way into the Jumna.
In the north of eastern Rajputana this sloping plain falls

below the level of the Tndo-Gangetic alluvium, but the covering
of alluvium does not appear to be particularly thick, and many
hills and ridges of quartz-veins, pegmatite and quartzite give
clues to the continuation of the gneissic plain below the alluvium.

The great watershed of India, dividing the drainage to
the Bay of Bengal from that to the Arabian Sea, passes along
the axis of the Aravalli range from the Sambhar Lake southwards
as far as Udaipur City. From there, however, it leaves the
range and runs south-eastward over the plain.

The tributaries of the Mahi river, which ultimately reach
the Arabian Sea, have eroded the plain to the south of the
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watershed to a much greater extent than have the northward-
flowing streams to the Bay of Bengal. This is due to the fact

that the length of the rivers from their headwaters here to the

sea is about eight to ten times the distance to the Bay of Bengal
than it is to the Arabian Sea. The gradient of the latter is

accordingly steeper and their erosive power is greater. To the

south of the watershed therefore the country is not a plain as

to the north, but is a mass of hummocky country, deeply and
intricately dissected, known as the Bagar and comprising the
" Hilly Tracts ’ ofMewar and the States of Banswara and Dungar-
pur. It is the land par excellence of the Bhils, who like to build

their scattered huts upon hillocks and bum the scrub jungle

for cultivation in the rains. In the valleys the soil is rich in the

small patches where it occurs.

In the extreme south-east of Rajputana is the Pathar
{' stony ’) or Uparmal (meaning ‘ higher plateau *). This is

the western lobe of the Vindhyan plateau of Central India, and
consists of horizontal sandstones and shales faulted against the

gneisses of the Mewar plain by the Great Boundary Fault of

Rajputana. As usual in the Vindhyans, it is a triple plateau of

three concentric scarps formed by the outcrops of three strong

sandstones with intervening shales. It is a wide, stony upland,

with occasional tracts of deep black soil in the circumferential

valleys, and transport is peculiarly difficult on account of the

three seldom-broken scarps. Adjoining the Great Boundary
Fault to the west is a most interesting area of strangely unaltered

Archseans, from which the transition can be traced westward
from shales, through slates, phyllites, mica-schists to composite
gneisses. The basaltic lavas of the Deccan trap flooded over

this land up to the base of the Vindhyan scarp. They are now
being denuded, laying bare the old land surface over which they
flowed, showing that the old pre-trap surface was much the

same in relief as that of the present day. To the south the

Deccan trap is continuous with that of Malwa, the fertile plateau

of Central India.

On the other side of the Great Boundary Fault from the

area of unaltered Archeeans, the Vindhyans themselves are

thrown into folds and faulted along lines parallel to the Great

Boundary Fault for a short distance in to the south-east of it,

by compression acting from the north-west. This is a striking

departure from the almost universally flat lie of the Vindhyans
over the great area in which they are developed, and shows that

in Rajputana tectonic movements persisted to a geologically

much later date than elsewhere than in the extraordinarily

stable Indian peninsula and affected the uppermost Vindhyans.

In his paper ‘ On the Age of the Aravalli Range ’, Sir L. L.

Permor,^ considering the range as a horsf, has advanced

1 Ree, Qeol, Surv, Ind,, 62, pp. 403-404, (1930).
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three possibilities with regard to the age at which this

horsi was produced. His first two alternatives I think

unlikely, as they postulate that the Vindhyan rocks of western

Rajputana were deposited in continuity with those of eastern

Rajputana and Central India. (He indeed himself rejects

the first of these two alternatives, from other reasons.)

Now all over Central India and eastern Rajputana, a length

of 600 miles, the Vindhyans maintain a remarkable uniformity

in their sub-divisions, and are from 4,000 to 10,000 feet in thick-

ness. The Vindhyans of western Rajputana, 100 miles away,
are only some 300 feet in thickness, and their sub-divisions are

unrecognizably different. It would be unlikely for the Vindhyans
to remain constant in their intricate sub-divisions over a length

of 600 miles, and then in 100 miles to change their succession

entirely and to diminish to a tenth of their thickness, arid I

acHJordingly believe that the Aravalli range was in existence

throughout the period of deposition of the Vindhyans and
separated them into two unconnected areas of accumulation.

Fermor has pointed out (p. 405) that if this is the case special

shore-line conditions should be present in the Vindhyans on
both sides of the range. This is so in the ease of the Vindhyans
on the western side of the range,—^gritty and pebbly sandstones,

and coarse conglomerates,—but they arc absent on the eastern

side, the Vindhyans being as fine-grained as usual. This may
however bo explained by the fact that the Vindhyans lu^e

are truncated by the Great Boundary Fault, and may have
been deposited far to the west towards the foot of the range,

their former extension having been denuded away on the up-
thrown side of the fault. I shall return to the question of the
age of the Aravalli range later, but I may state h(*re that I

favour Ferrnor’s third alternative, that t he range is pre-Vindhyan
in its period of uplift.

In spite of its name, the Aravalli range is composed mainly
of rocks of the Delhi system, the massive quartzites of which
are responsible for nearly all the prominent ridges which run
along the strike. The Delhi system litjs unconformably upon
the Aravalli system, and is developed in a geosyncline, with the
much softer Aravallis exposed upon the flanks. The Aravallis
are mostly phyllites, with inconstant quartzites, which, when
sufficiently thick and continuous, participate with the Delhi
quartzites in the building up of the mountains. Besides
quartzites, dominant constituents of the Delhi system are impure
limestones, usually altered to calc-gneisses, which, being very
hard, form elevated plains or high valleys between the quartzite
ridges. Unexpectedly, as they are younger than the Aravallis,

the grade of metamorphism and the amount of igneous intrusion
in the Delhis are much higher than in the Aravallis. This is

explained by the fact that the Delhis in the synclinorium have
been more deeply folded into the crust than the Aravallis on
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the flanks, so that they have reached a lower zone of greater

temperature and pressure and more intense igneous intrusion.

In plan, the synclinorium of Delhis appears like a double
fan. Where the handles of the two fans meet it is about four

miles wide, and it is believed to be here a simple syncline. This
comparatively narrow width is maintained for about forty

miles along its length, and then at either end it spreads out into

the two fans, by the appearance of additional folds, by a thick-

ening of some of the formations and by deeper folding bringing

in higher beds in the central core.

Tn the northern fan erosion has been more effective than in

the southern, and little more than the quartzite ridges of the

Delhis remain, the softer upper rocks, phyllites and limestones,

being worn away in the synclinal valleys and largely concealed

by alluvium. Tht‘ folds are isoclines, the axial planes of which
dip towards the north-west, and they pitch to the north-east.

That is to say, the older rocks are exposed to the south-west,

the base of the Delhi system being exposed in bays or festoons

upon them, and if one passes along the fold-axes towards th(^

north-east one finds successively younger beds coming in.

All along the Aravalli range, if one considers a cross-

section of the range at right angles to the strike at any point,

one finds that the degree of metamorphism and amount of

igneous intrusion increases in a direction from south-east to

north-west. So for example in this northern fan of the range,

the same generalization holds with regard to the folding. In
the furthest east, in the Biana hills, ^ the beds dip at 10®-20°

and are little altered. Igneous intrusives are absent. As one
passes north-westward the folding steepens to the Jura type,

pegmatites and quartz-veins appear, and shales become phyllites.

Further north-west still the isoclinal folding I have mentioned
sets in and large bosses of intrusive granite appear, with abundant
earlier and smaller bodies of basic rock, and a great development
of pegmatite in the softer rocks.

The basement beds of the Delhis in this portion of the

synclinorium show great thicknesses of conglomerates, occasional

tuffs and effusive lavas, and unconformities and overlaps,

betokening shore-line conditions and the oscillations of level

which take place on a land margin. This land area, corres-

ponding with much of the present Jaipur State, was apparently

occupied by the oldest gneisses, and the Delhis were deposited

in a sinking tract to its north and east.

The synclinorium narrows from the Sambhar Lake south-

wards and is seen to consist of two synclines of the Delhis, with a

long narrow tongue of pre-Aravalli gneiss between them. An
important thrust-fault runs along the north-west of this medial

1 Rec. OeoL Surv, Ind., 48, pt. 4, pp. 187-193, (1917).
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tongue and ultimately brings the two symclines together. This

thrust-fault reaches the plain in the neighbourhood of Desuri, but
for most of its length it runs within the range and cannot be
identified with Sir L. L. Fermor’s postulated ‘ western boundary
fault somewhere to the west of the western foot of the Aravalli

range

The north-western of the two synclines becomes obliterated

to the south-west by the intrusion on a large scale of basic and
granitic igneous rocks. The south-eastern, as I have mentioned,
is more or less a simple syncline for some 40 miles along its length,

but south of Desuri it fans out into numerous folds, forming
narrow valleys and long bold ridges developed by the quartzites

and mica-schists of the lower portion of the Delhis, while much
dissected plateaus mark the less complicated structure of the
limestones, calc-schists and calc-gneisses of the upper Delhis.

Whtire the folds disappear under the alluvium of Gujarat
the rocks are comparatively unaltered on the eastern fiank

of the synclinorium, and there is no igneous intrusion. The
western fiank, however, is saturated with granite and pegmatite
intrusions and in the south they invad(i the central (;ore and
replace large areas of the sedimentaries.

I have mentioned the strong quartzites of the Delhis,
which give rise to prominent ridges by th(^ mapping of which
the structure is apparent. When one looks at these grouped
ridg(‘s from some distance away, one is at once struck by their
wal I -like a])pearance and their long level tops . This was remarked
on by the first observer in the region, J. B. Fraser, in 1824.
This has nothing to do with stratification, unlike the case of the
Vindhyan plateaus built up of horizontal sandstones, for in
the Delhis the rocks are usually steeply dipping, or even vertical.
When the range is considered as a whole, it is clear that those
level summits form remnants of a greatly dissected peneplane.
Hardly a single peak projects above their general local level,
with the exception of the mountain mass of Abu, which however
lies apart to the west of the main range, and is entirely composed
of granite. It may still have been mountains rising above the
peneplane when the latter had been denuded to a level, or it
may be a special elevation.

In the heart of the range, north-west of Udaipur City, the
level of the peneplane reaches 4,000 feet above sea-level, falling
gradually to the north-east and the south-west along the axis
of the range.

Ill the Alwar hills it lies at a height of 1,800 to 2,200 feet,
and to the north, in its last extension in the hills south of Delhi]
it falls to 1 ,000 feet above sea-level, only two or three hundred
feet above the level of the plains.

^ Op. cit,, 62, p. 402, (1930).
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It was thought by Middlemiss ^ and myself * to be traceable

down to the floor on which were deposited the Ahmednagar
sandstones, a local plant-bearing formation of Wealden, Lower
Cretaceous, age, at the southern end of the Aravalli range.

Marine transgressions laid down also the Jurassic and Eocene beds
of Kachh and western Rajputana, and the Cretaceous Bagh
beds. It has since been found, however, that the peneplane
does not slope gradually down to the base of the Ahmednagar
sandstone, but ends about 400 feet above it. The peneplane
is thus older than the Lower Cretaceous by a space of time
during which 400 feet of quartzites were eroded, but would
still probably be Mesozoic.

Sir L. L. Fermor, in his paper * which I have quoted above,
argues that the Aravalli tract should be regarded as a horst,

bounded on the east by a fault of some 5,000 feet maximum
uplift, i.e. the Great Boundary Fault of Rajputana, and on the
west by a hypothetical or suggested fault of the same order of

magnitude, though not necessarily of the same amount
; he

admits the absence of any observations proving the existence

of such a fault. This has not been detected, and if it occurs

close in to the western foot of the range I do not think it could

have been missed, if existent, for since he wrote the paper
Dr. Coulson, Dr. Ghosh and I have been over the country in

which we might have expected to find it. If, on the other

hand, it runs far to the west of the foot of the range, for instance

to the west of the Abu mass, it could easily be missed in the

wide stretches of alluvium. Alternatively, if a western boundary
fault cannot be found, he suggests a tilt.

Earlier in this address I have pointed out the probability

that the eastern and western Vindhyans were deposited in

separate basins, and that the Aravalli range was still the barrier

separating them.
As I have just said, I prefer Fermor ’s third alternative

—

that the Aravalli range was upfolded in pre-Vindhyan times,

and the Vindhyans were derived in part from its denudation.

At the close of the Vindhyan period this range was still in exis-

tence, separating the two Vindhyan areas. We do not know
whether it continued to rise pari passu with the deposition

of the Vindhyans. From the existence of the Great Boundary
Fault and the folding of the Vindhyans, up to the you^est,
along it, we arc certain that at some time after the deposition of

the latest Vindhyans we know of, compressive stresses came
into action again. How long after this I shall try to indicate,

but we do not require to assume the pre-Talchir rejuvenation

which Fermor suggests.

1 Mem. Oeol. Surv. Imi., 44, pt. 1, p. 90.

2 Op. cit., 45, pt. 1, p. 8.

8 Rec. Oeol. Surv. Ind., 62, pt. 4, pp. 402-403. (1930).
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Two dramatic cases of superimposed drainage are given by

the two principal rivers of Rajputana. Between Rampura and

Kotah the (Tiarnbal (nits straight through the three Vindhyan
scarps, without regard to structure, though its tributaries occupy

strike valleys excavated in shales at the foot of the sandstone

scarps. The Banas at Rajmahal, wandering through the plains

of Jaipur, breaches a great isolated flat-topped ridge of Delhi

fpiartzites in a pictures(]ue gorge, swinging through a right

angle before entering it, instead of proceeding on an uninterrupted

course round the end of the ridge. The case of the Chambal
might be one of ‘ cut-back and capture but one cannot .believe

that of the Banas, where the selection of the only ridge in the

neighbourhood for its attack is outside the range of probability.

One can only infer that in the case of the Banas its course across

the ridge was in existence before the Mesozoic peneplane was
warped, and out down vertically as the plane arched. Tn the ease

of the Chambal it is ])ossible that its direction was established

when Deccan trap covered the area up to the outer scarp, and

that the Deccan trap surface determined the direction of flow.

The range aj)peais to have been peneplaned during the

Mesozoic, at some time not very much earlier than th(j (Waceous.
This may well have been the first peneplanation since the range

arose in pre-Vindhyan times. The peneplane has since been

warped in such a way that its cemtral portion in Udaipur is

now some 4,000 feet above sea-level, its north-eastern end near

Delhi about 1,000 feet and its sou tli -western end in Gujarat

about 1,000 feet above sea-level. Now land cannot be worn
completely down to sea-level, for its base-level of erosion must
always be determined by the final gradient of the streams
eroding it, below which they cease to operate. This we may try

to estimate, for the Aravalli range, by considering the present

level of the plains, whicjh will give us values close enough for our
purpose, as the plains of Tn(iia have very nearly reached the
stage at which their rivers can no longer eat them away. We
may take this as about fi50 feet at Delhi, 500 to 700 feet in western
Rajputana, west of the centre of the range, and 700 feet on the
Gujarat margin.

On these assumptions the uplift of the range, since pene-
planation, has been some 300 to 400 feet at its ends, and 3,500 feet

as a maximum in the centre.

The maximum figure given for the displacement of the
Great Boundary Fault, 5,000 feet, is therefore not far different

from the maximum warping of the Mesozoic peneplane, and the
throw of the fault is believed to decrease from about the centre
of its arc where the maximum occurs, towards either end. Near
Ohitor, in fact, the upthrow changes from the western side to the
eastern.

The suggestion is now made that the elevation of the pene-
plane, or the Mesozoic rejuvenation of the Aravalli range, and
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the production of the Great Boundary Fault, may be closely

connected and contemporaneous. 1 1 wiU be seen that the western
lobe of the eastern Vindhyans would act as a ram or wedge,
which by thrusting under the Aravalli tract from pressure
acting from the north-west might tilt it along its eastern side,

lifting it from a hinge-line to the west, thus rendering it no longer
necessary to suppose a fault along the western side of the range.

It seems somewhat startling to ascribe a late Mesozoic
age to a structure which has hitherto been tacitly supposed
to be very ancient, but in the closing paragraphs of the paper
which I have quoted, Fermor sounds a note of caution in ascribing

to present features of India a too great antiquity. We know,
of course, of the great faults of post-Gondwana time which have
let down the coalfields into the gneisses and preserved them,
and Dr. Fox ^ has found that the throw of the post-Deccan-trap
fault of the Gawilgarh hills, north of Ellichpur, is at least

1,800 feet and might be as much as 4,000 feet.

In the case of the Great Boundary Fault of Rajputana,
we can place an upper limit to its age, for it runs below the Deccan
trap, which lies undisturbed upon it, and it is thus pre-Tertiary.

The straight steep western coast of India has been supposed
to be a cut-back fault-scarp, the hypothetical fault running
at some unknown distance out at sea. This fault, if it does
occur, must be later in age than the Deccan traps, as they
constitute the supposed fault-scarp. Lt.-Col. R. B. Seymour
Sewell * has recently made the interesting suggestion that the
great submarine ridge which extends due south from the west
coast of India, and on which are situated the Laccadive, Maidive
and Chagos archipelagoes of coral-atolls, is a continuation of
the Aravalli range. It is possible that this submarine ridge was
submerged by its foundering on the downthrow side of the hypo-
thetical West Coast fault after the pouring out of the Deccan
traps, and therefore at a later date than the rejuvenation of the

Aravalli range by compression and faulting acting before the
time of the Deccan trap.

On these assumptions the Aravalli range was peneplaned
in the Mesozoic, re-elevated before the beginning of the Tertiary,

and the southern prolongation of it, now under the sea, was let

down in the Tertiary, after the accumulation of the Deccan traps,

A second possible peneplane, but one about the reality

of which I am not nearly so certain, is represented by an erosion

surface on the softer rocks, phyllites, schists, gneisses and some
of the granite areas. This is best develoi>ed on the plains to the

east of the Aravalli range, but forms the floor of the broad
strike-valleys within the range. Rising above it we have not only

1 iJec. Qeol. Surv, Ind., 62, pt. 4, p. 409, (1930).
2 Mem. Vol. IX, No. 7, pp. 439-442, (1936).
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the great even-topped ridges of Delhi quartzite, topped by the

Mesozoic peneplane, but many residual resistant masses, due
to the harder epidiorites and granites, quartz-reefs, minor
quartzites, limestones and such less easily eroded rocks. For
considerable areas it may be covered with superficial deposits
of no great depth, through which the streams cut down to rock.

Its margins dip under the alluvium of the Indo-Gangetic plain
and Gujarat. It is not so much a continuous plane as a series

of planes, at slightly differing levels, falling in steps ifrom the
centre of the range to the plains bounding it. The heights
of these planes are determined partly by the character of the rocks
of which they are composed, and partly by the extent to which
erosion has been retarded in certain of the higher valleys by
rock-barriers impeding the drainage and hindering the cutting-

down action of the streams. As an instance of the effect of the
nature of the rocks on the levels of adjacent parts of this plane,
I may mention that the upper portion of the Delhis, above the
strong Alwar quartzites, consists of three types of rock, exposed
in the heart of the range (1) limestones and calc-gneisses with
normally few intrusives, (2) flaggy calc-schists with numerous
small pegmatites, (3) mica-schists riddled with small and large
pegmatites. These three divisions are intrinsically different
in their lithological character and, in consequence, in their
behaviour under denudation, the calc-gneisses and limestones
being the most resistant and the mica-schists least, and in addition
they are weakened by the pegmatite intrusions in them. As a
result a set of three stepped planes is developed from them,
that on the calc-gneisses and limestones being the highest,
forming long narrow plateaus along the range, flanked by shelves
cut out in the calc-schists, and bounded by more depressed belts
along the mica-schists. Koughly speaking, there may be differ-
ences of some fifty or even a hundred feet between the three
planes taken at any cross-section, and the modem stream system
has deeply incised them all.

If this penoplanation is really a unit, and not a fortuitous
effect resulting from the even erosion of foliated rocks which,
looked at broadly, are mostly fairly homogeneous, it may perhaps
represent the Tertiary peneplane which has been detected in
other parts of India, e,g, by Dr. J. A. Dunn in Chota Nagpur.

There is yet a third peneplane, of Pleistocene or Sub-recent
age, that of the bhangar, or older alluvium of the Indo-Gangetic
plains. At Agra on the Jumna the level of this is about 170 feet
and the tributaries of the Jumna cut into it to a depth of 90 feet.
The older alluvium is a yellow clay, somewhat cemented by
carbonate of lime, which forms the familiar concretions known as
kankar, so extensively used all over the plains of India as road
metal and a source of lime. It approximates to loess in character
and is the combined product of river flood and wind action.
Kankar is a Hindustani word meaning ‘ gravel
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As it has a certain amount of consistency under rainfall,

when eroded it stands up with steep slopes, and gives rise to the

narrow belt of ‘ bad-lands ’ which fringes most of the rivers.

This is not well seen at Agra, but where the road and railway

cross the Chambal river south of Dholpur, on the way to Gwalior,

the fretted sculpturing is impressive, in a maze of tortuous

ravines, the topography of which is well displayed on the one-inch

map.
To the south, in the centre of Rajputana, where it meets

the peneplane or ‘ pseudo-peneplane ’ of Tertiary age which

I have just mentioned, the alluvial peneplane rises to about

1,400 feet, and on the western side of the Aravalli range it lies

at about 1 ,000 feet. Near the mountains the level of the alluvium

rises somewhat rapidly, but this is due to the heaping-up of

wind-blown sand in a ramp . The sand-hills of western Rajputana
are accumulated on this peneplane, out on the desert away from
the hills.

I have put these notes together to attract attention to

various points in the tectonics of Rajputana. The structure

was evolved first by the intense folding of the ancient Aravalli

range, and, more recently, geologically speaking, by faulting

and more gentle warping movements which may have initiated

the fissure-eruptions of the Deccan traps. As my years in

India are numbered, I leave it to my geographical and geological

colleagues to test my suggestions in the larger field of the structure

of the Indian peninsula as a whole, and, speaking both in a
figurative and a Wegenerian sense, its repercussions on the

tectonics of the Himalaya.
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Ladies and Gentlemen,

We are celebrating the Silver Jubilee of our Indian Science

(>)ngrefl8 in the presence of a galaxy of scientists from abroad.

1 am deeply sensible of the honour that has been done to me by
the invitation to preside over the Section of Botany at this

historic session.

F(istive occasions often have a sad touch about them, and
today we meet under the shadow of the death of two great men :

Lord Rutherford, who was originally chosen to preside over us

and Sir Jagadis ('handra Bose, the first amongst, us to light

the torch of science in this country. Let us honour their memory
by standing in silence for a moment.

Introduction.

About 12 years ago, when I had the honour of presiding

over the Geology section, T said that fossil plants represent

the debt that botany owes to geology.®® And I then made an
attempt to show how far we botanists can repay that debt by
the study of fossil plants as an aid to geology. This morning
I propose to take up the same theme. It was not till after

the Great War that the study of fossil plants was revived in

India, through a branch of the Cambridge school inspired

by that doyen of palaoobotanists, Professor Sir Alb(u*t Seward.^®**

This revival wo may date from our Calcutta meeting of 1921
and it is gratifying to feel that in the meantime the field of

palHeobotany has become a happy meeting ground for botanists
and geologists in this (*ountry.

I think that for the purpose of my address this is a parti-

cularly auspicious occasion. For wo are meeting again in

Calcutta, where this Congress was born, and Cahnitta is the homo
of our Gkiological Survey, under whose auspices were laid the
foundations of palaeobotany in India. With its large resources
the Geological Survey has continued to add to the scientific

treasures of the Indian Museum, and to guard with jealous
care the many irreplaceable type-specimens placed in its charge,
whi(jh are so indispensable to future generations of students.

The work of the last seventeen years on Indian fossil plants
has marked an advance both from the botanical and the geological
point of view.
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To the botanist, recent explorations in the field, and even a

^ - revision ofthe old collections in museums, both
o ica aspe ^ India and abroad, have revealed new forms

of plant life, some of them of great interest, or have extended
his knowledge of species hitherto obscure. While the strata hold
endless promise offuture discoveries, intensive work in the labora-

tory is helping towards a richer appreciation of what we already

possessed. I&owing by experience that trivial points in the

structure of plant-remains often yield valuable clues to identity,

the palaBobotanist has cultivate an eye for detail such as a
Sherlock Holmes might envy. A minute comparison of detached

fragments has thus enabled him to correlate them as parts of

one and the same plant, and even to attempt a reconstruction

of the plant as it probably appeared in life. The investigation

of fossil cuticles and spores, often retrieved from specimens

once abandoned as useless, has revised his ideas concerning

the affinities of plants long known under misleading names. In
clays and shales previously thought to be sterile the microscope

has revealed a wealth of life in the form of pollen grains and
other resistant parts of plants, which are often highly character-

istic of genera and species. Lastly, the comprehensive revision

of a whole group of plants has thrown light upon its distribu-

tion in Time and Space, its range in structure, its affinities and
evolutionary tendencies, its reactions to a changing geological

background.
I think I have said enough at least to indicate the scope ofthe

recent work on Indian fossil plants so far as it concerns the student

of botany. We may now refer briefly to the way in which this

work has impinged upon the domain of geology.

To the geologist this work has not only been helpful in

L tackling problems of stratigraphical correla-
Goolopoal aspect

questions

of palseogeography, past climates and even earth movements,
both of the vertical and of the horizontal type. At the same
time it has had its importance in connexion with economic
enquiries.

Sometimes, as wo shall see, the palseobotanist has arrived

at conclusions regarding the ages of strata which were at variance

with those long held by geologists, but which have ultimately

been supported by a variety of independent data. In other

cases the palseobotanist, working solely on his own evidence,

has visualized certain features in the geography of the past,

or has explained the geographical relations of extinct floras by
postulating certain tectonic movements, and his views have
found welcome confirmation in the light of geological facts.

To attempt on this occasion anything like a detailed review
of the recent work is out of the question. All we can hope to

do in the brief time at our disposal is to follow up a few selected
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lines of advance. Incidentally we shall see that the botanical

and the geological points of view are sometimes so intricately

mixed up that a separate treatment is neither easy nor profitable.

Early Palaeozoic Floras.

From a cursory review of our fossil fioras which I under-

took in 1921, prior to a detailed study, it

Possible^oove^ appeared that an important gap in our

India!
^ ^ knowledge lay in the earliest plant bearing

strata. This gap still remains, for we have

no evidence from this country of that primitive race of land

plants, the Psilophytales, which had an almost worldwide

distribution during the Devonian period. But the position

seems to have become rather more hopeful of late. Recent

geological work in Kashmir and Hazara has shown that land

conditions prevailed in this area during the Siluro-Devonian

period, when the Psilophytales flourished in many parts of

the world. We may therefore look forward to the discovery

of this ancient flora in any brackish or fresh water deposits

of this age that may be exposed in this region. Such a hope
is justified by the recent discovery of this group in the

Silurian rocks of Australia on the one side and of N.W.
Europe on the other. Only a couple of years ago Prof. Halle

described some Psilophytales from the Devonian of China.

In the Ordovician and Silurian shales of Spiti (in the N.W.
Himalayas) traces of plants were found a little over thirty years

ago, but although several of them have the repeatedly forked

habit of the Psilophytales, no sign of vascular tissues or of the

large terminal sporangia with cutinized spores characteristic

of this group has so far been discovered. A critical examination

of the plant-bearing shales may yet reveal the existence of this

ubiquitous group of plants in the Himalayan region.

In their uniform simplicity these ancient vascular plants

almost touch the Thallophyte level, and we all know that they
were at first actually taken for algae. Their almost cosmopolitan
distribution in such early rocks may seem to lend support to the
idea that they arose simultaneously from aquatic ancestors in

many far scattered parts of the world
;
but I think that such a

view probably underrates the enormous period of time which
these plants had at their disposal for dispersal through space.

Although generally referred to a single phylum they are more
probably a plexus of groups containing the roots of several lines

of evolution. Evidently the origin of those two mysterious
substances, lignin and cutin, which still distinguish vascular
plants from their probable ancestors, the AlgSB, is to be sought
further back in the geological record than we had ever imagined.
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The Po Sbeibs of Spiti.

The value of fossil plants as an index of geological age has

been strikingly demonstrated in a recent
Basal part. Lower revision of a small flora from Spiti.*® The

plants occ^ only in the J^rt of the

fossils. Po Senes of strata, known as the Thabo stage.

They include Rhacopteris and other plants

characteristic of a period when a uniform type of vegetation ap-

pears to have flourished in the northern and southern hemispheres.

Professor Zeiller of Paris had long ago compared this flora with

Lower Carboniferous species from Europe on the one side and
Australia on the other. But prominent geologists in India,

Middlemiss, Hayden, Holland and others, classed the whole of the

Po Series, including the plant-beds, as Middle Carboniferous.^ I

had myself accepted this view of the Geological Survey,

till in 1929 Professor Gothan insisted that the plants definitely

indicate a Lower Carboniferous age. Since then independent
grounds have been advanced in support of the same con-

clusion.^®-

The Glossopteeis Floea.

Towards the end of the Carboniferous period an extensive

glaciation in the southern hemisphere killed out most of the

older vegetation, while the contemporary northern flora, familiar

to us in the Coal Measures of Europe and North America, appears

to have flourished in a tropical climate. In the wake of the

climatic revolution in the south there appeared an almost entirely

new type of vegetation, which is known as the Olosaopteris

flora, after its predominant genus.

The relatively small number of species in this flora, the

scarcity of arboreous forms, and the presence of sharply marked
growth rings in the few trees that are known, are all facts

which support the idea of a relatively cold temperate climate

though in the later stages (Barakar, Damuda) the climate must
have been sufficiently warm to maintain a vegetation rich enough
to yield thick seams of coal. In contrast, the northern coal-

measure flora was much richer in species, and it included many
arboreous forms, with poorly marked or no growth -rings. An
interesting fact about the northern Lower Permian flora is the

apparent abundance of tree-ferns {PsaronivSy Zygopteris, Aatero^

chlcena, Tuhicaulia, Ghrarrmatopteria) which often possess a felt of
adventitious aerial roots ®®'^

;
and the fact that among these

roots we frequently meet with evidence of rich epiphytic growths
(especially of zygopterids upon Paaroniua trunks) ** reminds one
of the tropical rain forests of the present day.

The Oloaaopteria flora has been discovered in such far

scattered countries as India, Australia, South Africa, South
America and Antarctica. Yet it is so uniform in its general
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character and at the same time so distinct from nearly all the

northern floras of the time, that it must have been evolved on a

distinct continent. There is ample evidence that at this period

of the earth’s history a great mediterranean ocean, the Tethys,

separated the northern botanical provinces from a southern

continent, of which India formed an integral part, its northern

coast roughly following the trend-line of the present Himalayan
Range. To this hypothetical southern continent geologists

have given the name Gondwana Land.
It was in India that the first traces of the Olossopteris flora

were discovered, now well over a hundred years ago
;
and it

was here that the idea of a distinct southern continent first arose.

Since then volumes have been written about Gondwana Land
and its flora but it still intrigues us with its problems ofgeography

and climate, and the distribution, afiinities and geological rela-

tions of its flora. It siill remains the centre of interest in Indian

palseobotany.

Relation with the Carboniferous Ice Age.

A much debated question is the exact relation of the Gond-
wana flora to the Ice Age from whi(di it emerged. All the new
geological data that have come to hand from Kashmir, the Salt

Range and Central India are consistent with the old view (which
fits in with tli(^ palaeobotanical facts) that India was under ice

during the Upper Carboniferous and in any case not later than
the Lower Permian.*^® As regards the relations of the flora to the

climate, we have long suspected that in India, as in South Africa,

the Olossopteris flora had already come in before the land was
free of ice and that it even includes some hardy remnants of
the pre-glacial vegetation.®® It is difficult to visualize the
extent to which such a widespread glacdation must have affected

the pre-existing flora, but it can hardly have destroyed all

traces of life over the whole of Gondwana Land. Nor was the
whole of this enormous area under ice at one and the same time.
Even in intensely glaciated regions today there are localized

asylums with microclimates of their own, the importance of

which in the survival of species through a glacial period has to
be recognized

There is nothing inherently improbable in the idea that
tlu^ early phases of the Olossopteris flora overlapped with the
latter end of the glaciation. Even today a rich vegetation
(though sometimes only an ephemeral one) is known to flourish

in many parts of the world in the vicinity of glaciers and ice

sheets. We see this in parts of Greenland,^®®’ in Norway,*^
Novaya Zemlya,'®® New Zealand,*®® Alaska,** Chile** and,
nearer homo, in the Himalayas.

("oming after a great Ice Age, the Olossopteris flora was
bound to be very distinct from the contemporary floras of the
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northern hemisphere, and also from the pre-glacial vegetation

in the south. But the source of origin of so many entirely new
forms of life, both plants and animals, remains a mystery. They
seem to appear simultaneously over the whole of Gondwana
Land : in South America, South Africa, Australia, and Antarc-
tica

;
also in India. They could scarcely have come from any

other part of the world, there was hardly any country left for

them to come from : unless it was some remote parts of the

Antarctic continent itself, most of which is still beyond the reach

of geological investigation. The only conclusion is that these

new forms of life, which are so characteristic of Gondwana Land,
must be essentially an indigenous product, that is, of southern

origin. They appear to have evolved rapidly from the meagre
flora and fauna which had survived the Ice Age. It would
almost seem that exposure to the rigours of the climate had
quickened the pace of evolution, as if by inducing saltations on
a large scale : a sort of natural vernalisation, affecting not only

the individual life-cycle, but the rate of evolution of species,

possibly through aberrations in the nuclear cycle. A palseo-

botanist has perhaps no right to indulge in speculations in cyto-

physiology, but I am advised that the idea is not quite an absurd
one. The only alternative would seem to be the spontaneous
origin of a number of entirely new and independent lines of

evolution.^*® One must admit that this idea of occasional

snaps in the life-lines of the organic world seems almost forced

upon us by great palseontological breaks such as that at the base

of the Gondwanas. Bui it appears that during recent years

considerable progress has been made in our knowledge of the

effect of the environment upon the structure of the nucleus.

While the extinction of individual lines of descent must bo

acc(^pted as a settled fact, it may be that the climatic revolution,

from which the Glossopteris flora l^inerged, itself supplies the clue

to the apparently sudden arrival of so many new forms of life.

The Glossopteris flora must have had its roots somewhere
in the past, and as I suggested several years ago,*® at least

some of the lines of descent can be traced back into the pro-

glacial flora.

In connexion with the climatic relations of the Glossopteris

flora a discovery of unusual interest has been made within the

last few weeks at Kathwai, in the Salt Range. At a level only

about 20-25 feet above the glacial bed, Mr. E. R. Gee had col-

lected, a couple of years ago, a small flora including Glossopteris^

Gangamopteris and other Lower Gondwana plants. Until

recently we had thought this to be the earliest known Gondwana
flora in India. By macerating bits of the carbonaceous shale

Miss Virkki of Lucknow obtained, among other things, a great

variety of spores, some simple, others provided with wings. In all

at least two dozen species of spores were recognized, and a fact

of special interest was that some of them (figs. I, 2) recjalled a
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two-winged pollen grain, Pityosporites antarctici^s, which Professor

Seward had described in 1914 from a remote part ofGondwana
Land, within a few degrees of the South Pole. Although badly

preserved and more than once called into question this solitary

Antarctic pollen grain has recently acquired a new interest.

At first taken for a microspore of a pine or podocarp, it is now
regarded as more probably belonging to Ohssopteris,^^^ a genus

which is known from two localities in Antarctica. Similar spores

have recently been found in association with Olossopteris in South

Africa, and within the last few days Miss Virkki has discovered

hundreds of 2-winged spores (figs. 3, 4) in a piece of shale from
New South Wales crowded with leaves of O. Brotoniana}^^

So we now know spores of the same general tyi>e from such far

scrattered parts of Gondwana Land as India, Australia, Africa

and Antarctica. The age of the Antarctic pollen grain is not,

definitely known : it may be much younger than the Salt Range
spores

;
but the resemblance is noteworthy.

Kathwai was evidently worthy of a special visit, to see

if a still earlier flora than that discovered by Mr. Gee could

not be found, and Miss Virkki’s trouble was amply rewarded.

From two new horizons only about 1^ feet and 4J feet above the

boulder bed, in the sam(‘ geological section that Mr. Gee had
examined, she obtained a further lot of spores, and some of these

are identical with those associated with Olossopteris and Oani^a-

mopteris higher up in the section.

As a caution it must be stated that the exact height of

these now horizons above the glacial bed is still somewhat in

doubt : Mr. Wadia tells me that the basal zone above which the

IJ feet were measured is not the original boulder bed, but a

resorted deposit of glacial debris overlying the true Talchir

horizon. He adds, however, that the difference in age between
the original moraine and the re^iorted deposit cannot have been
considerable.

Now, the time interval represented by the overlying IJ
foot of sediments must have been so short that the lowermost of

the spore-bearing horizons may be taken to be approximately of

the same geological ago as the glacial bed. And if some of the
winged spores really belonged to Olossopteris or Oangamopteris,
a possibility which, as we have seen, is well worth considering,

it would mean that here, in the Salt Range, at least, the Olosso-

pteris flora was practically contemporaneous with the Carboni-
ferous Ice Age. To prove that the flora actually co-existed

with the ice it only remains to demonstrate these spores within
the glacial matrix itself, and I think the facts at hand fully justify

the expectation that this will be done. An investigation of the
spore content of the glacial matrix, not only in the Salt Range
but in other parts of Gondwana Land, is thus full of interesting

})08Hibilities.

Another interesting fact is that among these forerunners of
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the Glosaopterie flora at Kathwai were also a large number of

winged se^s or fruits, referable to the genus Samaropsis, whose
parent plants are still unknown. Whether some of these spores

and seeds actually belong to Glossopterids is still an open question,

but the fact that a large proportion ofthem are winged is perhaps
not altogether without significance : they were the flying har-

bingers of a new flora which probably invaded India before the
land was free of ice.

It is only fair to say, however, that there is another way
of looking at these facts. Dr. C. S. Fox,^®» who has made a
careful study of the Lower Gondwanas, believes that in India

the Olossopteris flora came in long after the ice had disappeared :

even if plant remains were to be found preserved within the

boulder bed they would not indicate contemporaneity with the

ice, because according to him these materials were old moraines,

re-sorted and deposited by streams long after the glaciation had
passed away.

I confess it is not easy to share this view. In Kashmir,
where we witness the same sort of association of modern forests

and glaciers, probably most of the moraines in which the trees

are rooted have undergone re-sorting since they were first de-

posited by the receding glaciers of the Pleistocene. The time
interval between the modern flora and the end of the Pleistocene

is relatively so small that a similar difference in age would
scarcely count in the geological time scale of the Permo-Carboni-
ferous : after all, we have scarcely yet emerged from the Pleis-

tocene Ice Age, even in India 1

Quite apart from these climatic questions, intensive work
on the spore content of rocks has its importance in other direc-

tions. To the palseobotanist, spores are often of great diagnostic

value, and a single tiny fragment of shale may reveal a dozen
species of a flora hitherto unsuspected. Although the parent
plants of these spores may be unknown, and they may not all

belong to a local flora, they all have the same value to the geo-

logist who is interested in the correlation of strata in scattered

parts of the world, or of seams within a single coalfield. In
fact, the ease with which spores travel across space should make
them particularly useful as zone fossils. Quite recently Dr.
Erdtman has published an interesting account of a varied
flora of spores recovered from the atmosphere over the
Atlantic Ocean. He also refers to other literature on the

subject of spore dispersal. The recent works of Naumova®*
and Luber®®, presented before the last Geological Congress at

Moscow, are significant in this connexion. The microscopic

investigation of Indian coals is still almost a virgin field, but
its possibilities in Indian economic geology are evident from the

recent work of Dr. A. K. Banerji.^

Modern mycologists in Europe, America and India are

familiar with the way in which the spores of fungi travel for
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hundreds of miles with the prevailing winds and carry plant

disease to distant regions. We therefore need not be sceptic if a

palsBobotanist were to claim that two given fragments of rock

from distant parts of the world are of the same geological age if

they both show the same kinds of well-defined spore forms.

Botanical affinities of the Qhssopterids,

We may now briefly consider some purely botanical aspects

of the Olossopteris flora. If I may anticipate what I am going

to say, recent work in India and elsewhere seems to bring this

flora into the foreground of that old question, the origin of the

flowering plants. We are still ignorant of the affinities of those

large, simple, net-veined leaves, referred to Olossopteris^ Gangamo-
pteris and other genera, which formed the most distinctive*

feature of this widespread flora. We have long suspected that

Olossopteris was not a fern but a seed-plant. Professor Walton
has sliown that its rhizome contains bordered tracheids of the
gymnosperm type. On the other hand the fact that the epider-

mis of O. angustifolia resembled that of angiosperms suggests

an examination of other species in which the cuticilo is preserved.

Do the Glossopterids after all belong to that ancient southern

stock from which the flowering plants are supposed to have arisen ?

They were certainly a virile race, for they not only dominated
the southeni flora but spread far and wide into the northern
continent of Angara Land, where Zalessky and others

have recognized several typos of leaves recalling familiar

Gondwana forms. Harris has refern^d to Olossopteris a broad
net-veined leaf from the Bhaetic of Greenland, and a similar leaf

from the Mesozoic of China has been figured by Gothan and Sze
under the name Anthrophyopsis. Then there is the widespread
Jurassic plant SagenojiieriSj formerly taken for a fern but now
known to belong to a totally different group, the Caytoniales,

possibly intermediate in position between the gymnosperms and
angiosperms.

Sagenopteris, by the way, or leaves strongly recalling Sogervo-

pteris, have quite recently been recognized in our Bajmahal
flora by Mr. Jacob of Lucknow. If these leaves really belong
to the same genus as those from the Jurassic of Yorkshire, this

is the first discovery of Caytoniales in India. In the same flora

Mr. A. B. Bao has found a large number of 2-winged pollen

grains, and some of these again may possibly belong to Cayton-
ialos, though this is still an open question. The spores are of
at least two different kinds

;
one kind is contained in pollen sacs

of the coniferous type, but others were found scattered in the
rock matrix and their affinities are still unknown.

Now, the fact that both Sagenopteris and Olossopteris are
(jlosely associated with those peculiar double-wing^ pollen
grains of the Pityosporites type, seems to lend significance to the



(11 )
Section F, Botany. 143

outward resemblance between these net-veiued leaves, both
of which, moreover, recall those of dicotyledons. At the same
time we must exercise caution before accepting any real

affinity between these two genera till we know more about their

reproductive organs.

My object in mentioning these facts here is by no means to

suggest that Oloaaopteris gives the clue to the origin of angios-

perms, but only to show how this question tends to got pushed
further and further back in the geological scale. Not so long

ago, the earliest undoubted angiosperms known to us were from
the Lower Cretaceous rocks

;
but structurally they were already

so highly evolved that it was obvious the group must have had
an origin long before the Cretaceous. Various discoveries before

and since have suggested that angiosperms already existed in

the Jurassic period. It is true that the Caytoniales, once
claimed as true angiosperms, now appear in a different Jight.®*»

But we at least seem to have here, in this Jurassic group, an
inkling of one of the ways in which the closed ovary may have
originated And if Sagenopteris was related to Glossopteris,

which is pre-eminently a Palaeozoic genus now generally regarded
as a Pteridosperm, we can imagine the trend line of evolution

traced back into one of the earliest groups of seed plants

that we know.
I confess I do not yet see my own way clear. In dealing

with such highly theoretical questions caution is necessary at

every step. For, if jmlaDobotany teaches us one thing more
forcibly than any other, it is the wisdom of the open mind.
Latterly some of us have been more impressed than ever with the
older theory that the angiosperms arose from the Bennettitales

or some closely allied group.®^’ But of this we shall have more
to say at a later stage.

Botanists have long been familiar with the anatomy of many
members ofthe coal-measure floras ofEurope and North America,
preserved in coal-balls. In the contemporary Lower Gondwana
flora, almost the only known petrifactions belong to the artificial

genus Dadoxylon. A sideritic block from the Parhelia Colliery

in Bengal recently described by Mr. H. S. Rao®® shows the
nearest approach to a coal-ball yet discovered in Gondwana Land.
It raises hopes of further discoveries which may yield data

concerning the anatomy of some of the characteristic members of

this flora.

Relation with the Palceozoic Angara flora.

About 14 years ago several large petrified trees were un-

earthed near Asansol they all seem to belong to one species,

D, Zalesahyi,^^ which shows a few interesting points of resem-

blance with the Siberian form Meaopitya Tchihatcheffli. This
resemblance of a Gondwana plant with a member of the northern
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flora is not an isolated fact. In the Palaeozoic flora of Siberia

the existence of a gondwana element has long been suspected.

Altlioiigh the occurnmce of Olossopteris and Oangamopteris

has been disputed *, and the gondwana affinities of the northern

flora may have b(»en over-estimated, some degree of affinity

is generally admitted, and it demands explanation because

the barrier of the Tethys sea separated the two botanical

provinces. In order to explain this affinity palseobotanists

have long believed that some means of communication for

land plants must have existed across the sea. Among others,

Professor Zalessky^®* insisted that either the marine barrier

was bridged over by an isthmus or a dense archipologo must
have served as stepping stones for Gondwana plants migrating

to the north. This supposition, it must be noted, was made 20

years ago, solely as an inference from the palaeobotanical facts.’

Since t&n the independent field work of Mr. Wadia in Kashmir
and of Professor Mushketov f north of the Pamir plateau has

proved that during Late Palaeozoic times there was actually

a series of land pat(dies dotted over the Tethys sea in this region.

These islands may well have served as a memns of intermigration

between the two floras.'^*

Field work by members of the Geological Survey of India in

Kashmir on the one side and in N.E. Assam on the other has help-

ed to define somewhat more precisely than before the northern

coastline of the old Gondwana continent. Recent work has shown
that the edge of Gondwana Land in this region, roughly parallel

to the main Himalayan arc, was upheaved with the late Tertiary

mountain building movements. Near Gulmarg in Kashmir, the

highly tilted Oangamopteris beds, exposed at an altitude of about
13,600 feet, are probably the most elevated Gondwana plant beds

known . The fact that Kashmir lay on the main route of migration

between the Gondwana and Angara continents invests the flora of

this region with special interest : and this flora, as suggested

several years ago,®® shows a somewhat closer affinity with the

Siberian flora than does that of the peninsular Gondwanas.

Relation with theories of continental drift.

Let us now turn to another aspect of palseobotany as an aid

to geology: I mean the relation of palasobotany to certain theories

of earth movements, particularly large horizontal movements

* Qiiite recently Professor Zalessky has described further specimens
from Russia which he definitely assigns to these two genera.KM), I6i

I I wish to record my sincere thanks to Professor D. Mushketov for
an interesting letter (14th January, 1937) in which (in reply to an
enquiry) he drew my attention to his work of 1928 in Eastern Ferghana.
Between the meridians of 70° and 75°E. he found evidence of many
isolated dome-like elevations, only 10 to 50 miles apart, which would
presumably suffice to account for the suggested xnigration.



(13) Section V, Botany. 145

of the continental type. Not very long ago geologists favoured
the idea that a great portion of the old Gondwana continent was
lost in the sea through the foundering of extensive land bridges.

This idea is by no means obsolete now, but it no longer seems to
have the same hold as it did even ten years ago. Data from
several directions seem to be converging to the bold hypothesis,

wit!) whi(;h the name of Alfred Wegener is more closely associated

than any other, that India and the southern land blocks were
onc‘e directly conne(‘ted together, and have since drifted apart,

somewhat like the fragments of a disrupted iceberg. This view
does not necessarily preclude the idea that the marginal portions

of some of these continents may have been lost through block

faulting.

A bird’s-eye view of the four great Permocarboniferous
floras does indeed seem to support the drift theory on common-
sense grounds. Thus the familiar Coal Measure
flora of Europe and North America lies sundt^red by the North
Atlantic Ociean. The Giganfopteris flora of China and Western
North America seems as if it was split in two by the Pacific.

The GJossopieris flora lies in far scattered lands in the southern
hemisplu^re

;
but curiously enough, its Indian section seems to

have bee4i pushed far up into the north, and is dovetailed in a most
puzzling manner with the Gigantopteris flora of China, which has
very little in (jommon with it. Lastly, in Kashmir the Olosso-

pttris flora n^aches to within a few degrees of the Angara flora

in Pussia, which is also on the whole distinct from it, although

at the same time it shows some undoubted Gondwana affinities.

I would hardly be justified, even if 1 had the time, to venture
upon a discussioji of Wegener’s theory except in so far as it

concerns the geographical position of India. The late Professor

Wegener was mainly concenied with movements which involved

a drifting apart of continental blocks. I shall deal briefly with
what may be regarded as a complementary counterpart of

Wegener’s theory : a drifting together of continents once far

separated by the ocean
According to Wegener India during the time ofthe Gondwana

glaciation lay far to the south, next to Madagascar, wedged
in between Africa on the one side and Australia on the other.

Since then it is sup]>osed to have drifted to its present position

north of the Equator, so as to bring the Gondwanas to within

a few degrees south of the Angara flora. We have just seen,

too, that between these two floras there are some elements in

common ; and these appear to have crossed the ocean barrier

by means of an archipelago, of which geological evidence exists.

At first sight, therefore, the relations between the two botanical

provinces seem to be easily and satisfactorily explained.

The matter is, however, not quite a simple one. Professor

Halle has raised the pertinent objection that if during the

Permian period India lay near Madagascar, while Siberia was near

10
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the Permian equator,the distance between the two regions would

probably have been too great to bo easily explained by migration

across an archipelago, particularly as the two floras would in that

case have been in such different climatic zones that effective

migration is difficult to imagine. These difficulties are no doubt

serious if they are based upon correct premises. But we are not

bound to accept the details of Wegener’s reconstruction of

Pangaea. Towards the end of the Permian, when the disruption

was well on the way, the distance between the two floras may have

been much shorter than during the glaciation.

Another objection, and one that at first appeared a more
serious one, is based on the work of geologists and oceano-

graphers who have investigated the Arabian Sea and the

structure of its coastline. The recent John Murray Expedition,

led by Colonel Sewell,^®® found evidence which, it was suspected,

might go to prove that this sea covers a foundered land-bridge

once connecting India with Arabia and Somaliland. The simple

coastline of the Arabian Sea coast, among other facts, no doubt
suggests block faulting on a large scale ; and the idea of a
sunken land-bridge seemed at first to be supported by the

fact that specimens of basaltic rock had been dredged up
from the bottom of the sea. But Dr. Wiseman reports

that at least some of these samples of basalt from the
Carlsberg Ridge differ chemically from the Deccan traps and
from other plateau basalts :

‘ there is strong evidence that they
are of submarine origin and do not represent sunken remnants
of any former land area *.

The true value of the accumulated data has still to be
assessed. At the same time, as we shall see presently, the
history of the Arabian Sea, a.8 revealed by these investigations,

contains nothing that is inconsistent with Wegener’s main idea

of the northward drift of India. The faulting just referred to

was probably due to forces connected with the Late Tertiary

movements that resulted in the uplift of the Himalayas. It

therefore does not come into the evidence concerning the much
earlier history of Gondwana Land. It probably indicates that
a mu (ill larger block than merely the Indian peninsula was
involved in the northward drift. Nor is it necessary to assume
with Wegener that India originally lay quite so far south as
Madagascar.

The net result is that you cannot get away altogether from
the idea of continental drift, although you may have to couple
it locally with the idea of the submergence of large tracts of
land through faulting.

But with all this we cannot claim that the problem of the
southern element in the Siberian flora is settled. The final

solution lies in the lap of the future. Professor Jongmans is

even prepared to believe that the gondwanoid forms in the
Siberian flora arose independently in the northern continent.
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But parallel evolution on such a large scale scarcely seems
credible.

Professor Halle is probably right that the Gondwana affini-

ties oftho Angara flora arc not so close as was originally claimed.

Some day, let us hope in the near future, a critical comparison

of the two floras will show these affinities at their true value.

But, in any case, even Professor Halle does not deny that the

resemblances are there and that they demand explanation. At
the present moment the only explanation seems to be that some
means of communication across the Tethys must have enabled

the two floras to intermigrate. The Gondwana flora of Kashmir
which probably lay across this route of migration thus acquires a
special importance from our present point of view. The migration

theory at least has the merit that it was in the field long before

Mushkotov and Wadia brought forward geological facts in

support, of it. Tho Late Palaeozoic archipelago across the Tethys,

between India and Siberia, which Zalessky postulated in

1918, may thc'refore well be claimed as a geological prophesy

based on purely palaeobotanical grounds.
I should now like to place before you another instance in

which speculations based solely on palaeobotanical grounds have
found confirmation at the hands of geologists and have thrown
light upon phenomena of tectonics, palseogeography and ancient
climates.

Already in 1927 Professor Halle had noticed the peculiar

geographical relations between the Qlossopteris flora of India
and the Far Eastern Oigantopteris flora which extends as far

south as Sumatra, like a wedge driven into Gondwana Land
from th(i north. Ho acutely remarked that this ‘ abnoimal
north-south direction of the boundary line between the two
floral regions may be found to bo in some way connected
with the tectonic features And he added that ‘ in the first

place one might think of a connection between the eastern part

of the Himalayan geosynclino and the sea in tho region of the
present Bay of Bengal Kow, on a variety of grounds which
we need not repeat here, the Olossopteris flora is generally regarded
as a cold temperate flora, while the Gigantopteris flora, like

the closely allied coal measure flora of Europe, is believed to have
flourish 0(1 in a moist tropical climate. We know of no other

two other floras, living or extinct, which are floristically and
climatically so distinct, and yet lie thus side by side on the

map : crossing the same latitudes along a north -south front of

well nigh two thousand miles. East of the Sumatra wedge the

trend of the boundary between thc^ two floras is still obscure :

if the reported occurrence of Glossopteris in N.W. Borneo is

confirmed the boundary here turns sharply to the N.E. between
Borneo and Siam

;
if not, it either sweeps eastwards

generally following the line of the Malayan arc, and possibly

extending as far as New Guinea ; or, as Professor Jongmans
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(1937, p. 361) * lias recently suggested, it crosses Borneo in a

S.W.-N.E. direction.^®®

These peculiar geographical relations first came into full

evidence when it was discovered that the essentially northern

Oigantopteris flora extended as far south as Central Sumatra,

just across the present Equator, as if cutting the Glossopteris

province of Indo-Australia into two.

Here, then was a plantgeographical problem of the first

magnitude. Whether this southern Oigantopteris salient was a

broad sweeping arc or a sharp wedge, there was no doubt of a

most unusual (lovctailing of the two floras which was difficult

to reconcile^ with the sharp contrasts between them. The palseo-

botanist saw no possibles explanation of the phenomenon unless

he made a series of large geological assumptions. These assump-^

tions were, firstly, that the two land areas on which these very

disiinct floras were (wolved were originally far apart, with a

barrier between them elfective enough to prevent any large

intiTiningling of land plants : and such a barrier could only be

a. wide oc^ean ; secondly, that the two provinces then lay in very

different climatic zoik^s of the globe : in other words, that the

ocean barrier ran more, or less in an east-west direction
,
unlike the

present north-south boundary between the two regions
;
thirdly,

that the two land masses drifted towards each other, respectively

to the north and south, so as to narrow down the intervening

barrier ; fourthly, that owing to resistan(‘o offered by the sharp

promontory of Gondwana Land in N.E. Assam, the free Far
Eastern limb of the Oigantopteris province assumed a flanking

movement round that angle
;
fifthly, that there may be a struc-

tural geological continuity ofthe mountain ranges round the

Assam salient, that is, a syntaxial angle essentially of the same
sort, as Mr. Wadia had already shown to exist round the N.W.
})romontory in Kashmir.

It was only natural to relate the latter phases of these

horizontal movements with the vortical movements which
resulted in the formation of the mountain ranges of northern
India and Burma, roughly marking the old Gondwana coastline

in this region. And if these upheavals resulted from one and the

same series of orogenies forces, even though at slightly different

times in India and Burma, it was rational to define the Himalayas
so as to include not only the two limbs of the re-entrant angle

in Kashmir, but the whole series offestoon -like loops of moiintains

* Professor Jongmans (1937, fig. 2) reproduces in a revised form a
map which 1 had published in 1935 ; but as 1 then suggested the exact
position of the boundary in this region must depend upon more definite

data. I am not aware, for example, that the S.E. portion of Borneo,
which Professor Jongmans definitely includes in Gondwanaland, has
yielded evidence of a Olossopteris flora or other data pointing to
Gondwana conditions.
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from our N.W. Frontier, possibly even Baluchistan as far as the
Malay Archipelago.^®*

In connection with the suggested flanking movement of the
Gigantopteris province round the pivot of the Assam promontory,
the fan-like radiating drainage of S.E. Asia, with so many large

rivers bunched together opposite the N.E. corner of Assam,
appeared to assume a peculiar significance. It seemed as if

this movement at least fitted in better with that ingenious
modification of Wegener’s drift theory, namely Gutenberg’s
idea of continental spreading.^®’ Indeed, according to Professor

Kenneth Mason most of the rivers in that difficult region of deep
gorges are probably true strike rivers, and Mr. Evans’s recent

geological work has shown that this is a region of intense com-
pression

;
also that there is an actual geological continuity in

the mountains round the Assam angle, such as we had already

postulated.

It is difficult on this occasion to dwell longer on this fasci-

nating subj(^ct, which is of interest alike to the botanist, the

geologist and the geographer. Suffice it to say that to those

palsoobotanists who had something to do with the elaboration

of these ideas it is a matter of some considerable satisfaction

that on the whole their views have been found to fit in with the

geological evidence. That some of these ideas had already

occurred to geologists, notably to Mons. Fromaget,^®» Director

of the Geological Survey of Indo-China, only enhances the value

of the independent palaeobotanical evidence. It turned out,

indeed, that some nrominent geologists, Kropolkin and Gregory,

Ting and Grabau,^^® as well as that well known botanical explorer,

Capt. Kingdon Ward, had advocated views opposed to those

suggested by the palfcobotanicral facts. But the eviden(;e

subsequently adduced by Mr. Wadia,^^^ Mr. Evans and oi hers

has strongly upheld our conclusions.

Capt. Ward finds that the modern flora of the E. Himalay as

is continued eastwards from Assam into the mountains of China
,

whereas the flora of the Arakan Yoma is different. This fact,

among others, has led him to conclude that the Himalayas are

continued eastwards across (^hina, almost as far as the Pacific

coast. But in the region of (^bina where the supposed eastward

continuation of the Himalayas would lie there is no evidence of

any marine sediments of the Himalayan type. That region was a

land area inhabited by the Gigantopteris flora. It is not sur-

prising that the modern flora of the longitudinal range of moun-
tains in Burma is different from that of the Assam Himalayas,

for these lie on a different latitude and are subject to different

meteorological influences.

If the history of this part of the earth’s surface has been

as I have just outlined, it will be clear that at least those parts

of Burma lying east of the Arakan Yoma have no geological

affinity with India. They have been brought into their present
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position in comparatively recent times by horizontal forces

which were ultimately responsible for the uplift of the Arakan

Yoma.

Decline of the Glossopteris flora.

Parsora stage. During the Permo-Triassic transition the

Olossopteris flora suffered a decline, and in the Parsora beds

in Rewdh (Central India), which some geologists still prefer to

class as the Middle Gondwanas,’*^ a flora of a considerably

younger aspect than that of the typical Lower Gondwanas has

been collected. The main features of this flora are, firstly, the

absence of most of the characteristic members of the Olossopteris

flora, although at least a few of them, notably Noeggerathiopsis

Hislopi, still survive, and secondly the abundance of forked leaves

of the Dicroidium type. This is a widespread southern genufe

whic'h in other parts of Gondwana Land is regarded as marking
the Triassic period.

The age of the Parsora beds has been much disputed. In

1917 Dr. Cotter (dassed them as Rhaetic, and in 1921 I accepted

this correlation.’® In 1926 I was inclined to regard the flora

as older, and provisionally referred it to the Upper Trias.®® In

1932 Professor Seward, who examined a further collect on from
the same region, suggested that the flora was still older, at least

as old as the Lower Trias and more probably Late Permian.*®®

While palseobotanical opinion during the past two decades has
thus tended to place the Parsora beds lower and lower in the

geological scale, Dr. Fox,*® in his recent important work on the

Gondwana System, has placed them as high as the Jurassic ;

he regards them as only slightly older than the Rajmahal series.

The whole question is still open, because some recent collec-

tions added by Mr. N. K. N, Aiyengar and by Mr. S. D. Saksena
still await examination. Dr. Fox is probably right that in Dr.
Cotter’s list of this flora, which I had accepted on his authority,

species from two distinct horizons were mixed up. But even
after allowing for this, and considering only the specimens
from Parsora, Chicharia and other northern localities which
Dr. Fox assigns to the Upper Gondwana, the flora appears to
mo to be distinctly older than the Jurassic.

Mesozoic Floras.

We have already seen that Eastern Burma was probably
not a part of Gondwana Land. This being the case, it is to be
expected that the fossil floras of that region would be more akin
to those of the Far East than to those of India. From the
Loi-an series of beds in the Southern Shan States, adjoining China,
a Rhaetic or Jurassic flora chiefly comprising of ferns and conifers
has been collected. Only the conifers ®®' ®® have yet been examined,
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and these on the whole seem to be allied to Chinese forms rather
than to members ofthe Gondwana flora.

But we are now entering upon an era when the regional

contrasts between floras were again breaking down. Indeed
the flora of the Jurassic period includes so many species which
apparently had a worldwide distribution that the problem is

how this fact is to be explained if the earth was divided then,
as it is now, into distinct climatic zones. The same question
applies to the ‘ cosmopolitan * floras of the Devonian and early

Carboniferous periods. The Jurassic flora of Graham Land, far

away in the southern hemisphere, on the edge of Antarctica,

seems to be more nearly allied to that of our Bajmahal Hills

in Behar than to any other known flora of that age
;
and the

Rajmahal flora in turn includes a number of species closely

resembling Jurassic plants from England and Scotland. A
small flora from Afghan-Turkistan, now being described by
Mr. Sitholey,**® includes some forms allied to Jurassic plants

from Angaraland, and others recalling species form the Upper
Gondwanas.

Whether any theory of continental drift will ever help to

solve this problem of ‘ (iosmopolitan ’ floras it is too early yet

to say. Perhaps some day we shall have enough data to be able

to correlate at least the major climatic oscillations in geological

time with large geographical changes possibly due to drifts

connected with a shifting of the earth’s axis. This may give the

clue to some of the anomalies of the distribution of extinct

floras which puzzle us today. But such an attempt here would
lead us too far into speculation.

The flora of the Rajmahal Series.

I shall now devote a few words to the progress made in

recent years in our knowledge of the Indian Jurassic floras,

particularly that of the Rajmahal Hills. This was the first

Indian flora to be described in any detail, and it is a classical

flora because it has served as a basis for botanical comparisons

and geological correlation for many allied floras in other

parts of the world. It is therefore important to define as

precisely as possible the structure and affinities of the plants,

as well as the geological age of the plant-bearing beds, which are

exposed in numerous places scattered over an area of nearly

4,000 square miles.

Silicifled plants from the Rajmahal Hills.

Until recent years our knowledge of this flora, like that of

most others of the same age, was practically confined to leaf

impressions, and no fresh collections had b^n reported since

Feistmantel described the flora over half century ago. Latterly
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the Rajmahal Hills have received a good deal of attention.®®*^®’

02, 108, 117-110, 187, 188 Many new plant-bearing localities have been

found and large collections have been added.®® An event of special

importance to palseobotanists is the discovery of several localities

which have yielded abundant silicified remains. This has already

enabled us to study the anatomy of familiar members of the

Rajmahal flora siic^h as Tceniopteris, Ptilophyllum, Williamsonia

and others. Tt has liolpod us at least partly to meet two of the

main difficulties with which the student of fossil plants has to

contend, namely, the fragmentary nature of the material ^nd the

fact that it too often consists only of impressions, whi(;h are

notoriously unreliable as guides to affinity. These petrifactions,

moreover, have made it possible to recognize, as parts of one and
the same plant, leaves, stems, flowers and other detaclunl orgaris

which have long been under distinct generic names.
As one instance I may mention the leaf impressions to which

McClelland, I think in the very first annual report of the Geological

Survey of India, as long ago as 1850, gave the name Taeniopteris

spatulala. In the midrib of these leaves, now available in the

petrified state, a series of mesarch bundles of the modern C^ca-
dean type were noticed a few years ago (fig. 5).®® A detailed

investigation of the material was entnisted to Mr. A. R.
Rao,®®’ ®® and his study of the epidermis opens up the question

whether this plant, originally taken for a fern, was a true cycad,

or on(5 of the Bennettitales. In the same rocks occur a number
of short shoots covered with rhomboid leaf scars, on which a
horizontal row of 6 to 8 vascular bundles are marked. These
shoots were previously mistaken for cones, but are now under
suspicion as the parent axes on which the Tceniopteris loaves were
attached. Similar shoots, now discovered in the petrified state,

reveal a ring of five tangentially flattened bundles round a central

pith ;
these bundles give oft’ multiple leaf-traces such ns might

well have supplied the expanded leaf base of a Toeniopieris.

What is more, Mr. 13. P. Srivastava has discovered in the
same rocks a number of larger stems, referred by him to a new
genus Pentoxylon

; and these also generally contain five tangen-
tially flattened primary steles round a pith. In these thicker
stems each primary stole has secondary wof)d all round, but this

wood shows an unusual mode of development. It is enormously
developed on the side turned towards the pith so that as the
stem grows in age the five stoles tend to grow mostly on their

inner sides.

On the evidence before us we thus have strong grounds for

the belief that the leaves, which have been known to palseo-

botanists for almost ninety years under the name Taeniopteris

spatulata, were leaves of the deciduous type, borne upon short
cylindrical shoots, and that these in turn were the younger
branches of Pentoxylon stems. Now the wood of Pentoxylon,
curiously enough, is of the compact, coniferous type, with narrow
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medullary rays and bordered pits, so that if the correlations here

suggested are well founded, we have an interesting combination

of cycadean and coniferous features. At the same time the

structure of the wood and the mode of branching of the steles

recalls that seen in the problematical genus Rhexoxylon which

is known from two distant regions, South Africa and Antarctica.

These facts will show how the discovery of these petrifactions

has affected the original notions concerning the affinities of one

ofthe first species of fossil plants over described from this country.

The true affinities can only be discussed when the reproductive

organs are discovered, and it may well be that some seed bearing

cones (Conitea Pascoei Sahni Carnoconites Srivastava

which in places occur yjlentifully in association with the leaves,

were the fructifications of Pentoxylon. It is not impossible that

this interesting typi^ will turn out to be a representative of an
entirely new and synthetic group of plants combining cycadean,

Bennettitalean, coniferous and other features. I must not

further speculate upon the results of this work, in which Mr. Rao
and Mr. Srivastava arc still engaged at Lucknow, but enough
has been said to show the far-reaching implications of the

discovery of these petrifactions.

Let us consider one more examj)le of a similar kind. Several

years ago Professor Seward showed that the Bennettitalean

leaves long known as PtilophyUum of. cufchense, previously only

found detached, were borne uj)on stems of the tyj)e to which he
had given the name Bucklandia indica. He surmised that the

flowers of this plant were probably of the Williamsonia type,

of whi(^h several species were already known from the Jurassic

rocks of India though none of them had been found attached.

Now, among the petrifa(;tions recently discovered was a William-

sonia flower borne upon the tip of a short vegetative axis, and
this axis agrees with Bucklandia indica in the anatomy of the

wood and leaf bases. These facts have provided the main data
for a reconstruction of what is now the most completely known
of all Williamsonias, Williamsonia Sewardiana.^^ This flower,

by the way, very closely rcvsembles a species from the Jurassic

of Scotland, described by Professor Seward as W. scotica, so that
we have here a striking link between two geographically far

separated floras.

A fragment of petrified wood, found long ago at an unknown
spot in the Rajmahal Hills, has turned out to be a fossil of more
than ordinary interest. It has been given the name Homoxylon
rajmahalense The interest of this fossil lies in its anatomical
resemblance with the wood of some fossil cycads on the one side

and with that of some modem dicotyledons, referred to the
primitive group of the Magnoliales, on the other. It thus seems
to lend support to the idea that at least one line of angiosperms
was derived from some gyranospermous group related to the
Bennettitales.



154 Part II, Presidential Addresses, (22)

Homoxylm was at first taken for a piece of conifer wood,

because it was a homogeneous wood devoid of true vessels, the

chief woody elements Mng tracheids. But the structure of the

medullary rays was different, and the sculpturing ofthe secondary

wood showed a range of variation, from the scalariform to the

round bordered type, which was unknown in the conifers

These features were to be found only in two circles of affinity :

firstly, in the Jurassic group ofthe Bennettitales which is strongly

represented in our Rajmahal flora
;
and, secondly, in the living

homoxylous genera Drimys, Zygogynum, Trochodendron and
Tervtrac.entron,^^^ which also have a primitive floral organization,

recalling that of the Bennettitales. Soon afterwards a fossil

wood Teiracentrmites, came to light from the mesozoic of

Greenland and this, as the name implies, resembles the modem
Tetracentron,^^ Whether Homoxylon was the wood of a primitive

angiosperm or whether, as Dr. K. M. Gupta has suggested, it

belonged after all to one of the Bennettitales—and this is a

possibility always to be kept in mind—the theoretical interest

of this solitary fragment of wood is obvious.

There is, of course, no suggestion of anything like a direct

connexion between the modern Magnoliaceae and the Bennettitales

as we know them today. All that is implied is that in its descent

the modem group seems more nearly related to the Bonnetti-

talean line than to any oi-her. Because latterly the structure of

the epidermis has risen into prominence in phylogenetic studies,

Mr. H. S. Rao®* undertook at my suggestion to examine the

epidermis of modem Magnolialos and particularly that of the

homoxylous genera, and, as you will loam from himself today,

although the Magnoliales as a whoh^ seem to bo a mixed group
from the epidermal stand-point, all the homoxylous genera

examined (Trochodendron, Tetracentron and Drimys) constantly

show the same type of storaatal structure as that cliaracteristic

of the Bennettitales. On the whole, therefore, the evidence
does not contradict the idea of a common origin for at least

the homoxylous Magnoliales and the Bennettitales.

Among other Rijmahal petrifactions is a slender stem,
(Lycoxylon indicum Srivastava containing a stele with 16
protoxylems placed at the ends of woody plates, exactly as in a
modern Lycojjodium. This may be the petrified form of Lyco-
podites gracilis, the surface impression of a shoot first described
about 75 years ago. The silicified stems and petioles of several

ferns have been discovered. One or two of these are attached
to pinnae, so it should be possible to correlate the anatomy with
species known from impressions.

Among impressions newly discovered perhaps the most
interesting is Bajmahalia paradoxa, a concave plate of
rhomboid form bearing a mosaic pattern of scars, some rounded,
others polygonal—suggesting that it is probably a new type of
Bennettitalean flower. Some of the other fructifications recently
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discovered in the Kajmahal Hills are Onthexdendron^ probably
one of the Araucarineae ; Nipaniostrohus A. R. Rao,®® a conifer

having ovules with peculiar curved micropyles
;
Mascuhstrohua

rajmahalenais,’^^ a male cone containing two-winged pollen

grains of the type familiar in pines and podocarps
;
Sahriatrohus,

a new genus of entirely unknown affinity, found by Mr. Jacob
in association with the SagenopteriaAike leaves already mentioned;

and hundreds of seeds, probably of Nilaaonia.

Time does not permit anything like an adequate summary
of this work, which is still being carried on by Messrs. Srivastava,

Gupta, A. R. Rao, Jacob and others. But enough hi s been said

to indicate the significance of the results, achieved and expected,

from an intensive examination of this rich flora, the only known
Jurassic flora that has yielded so much information about its

anatomy.

Age of the Indian Upper Oondwana fioraa.

Before leaving the Rajmahal flora I should like to draw
your attention to certain doubts that have recently arisen

concerning the ages of our Upper Gondwana floras. The plant-

bearing bods are exposed in far scattered areas. Apart from the

Rajmahal Hills in Behar, they occur in Cutch and Kathiawar,

in the (Central Provinces, and in a string of outliers along the

oast coast, from Orissa as far as Ceylon.^®®’ A few fossil

plants of Upper Gondwana age occur also in the north, near

Shekli Budin in the N.W. Frontier Province.

With the exception of the Rajmahal, none of these floras

have yet been critically examined since they were first described,

well over half a century ago. In their general composition, with

a preponderance of ferns, cycads and conifers, and with not a

single species (characteristic of the Cretaceous, they all strike

(Uie, so far as we know them at present, as good Jurassic floras.

At the same time we cannot yet say whether the sequence in which
the Rajmahal, Kota, Jabalpur and Umia stages are generally

placeil by geologists is fully supported by the plant evidence.

The Rajmahal flora was originally placed by Feistmantel in

the Iiias, but in 1913 Professor Halle gave reasons for regarding

it as Middle Jurassic;. About eleven years ago Dr. du Toit

suggested that the base of the Rajmahal series may possibly

extend into the Rhaetic or even into the Keuper. On the other

hand Dr. L. F. Spath,^®® on the evidence of some cephalopods

in the Upper Gondwanas ofthe Madras coast, has not only assigned

these beds to the Lower Cretac3ous but concludes that all the

Upper Gondwana beds of India are at least as young as the

Lower Cretaceous.

If we are to take the plant-fossils as a guide, then at least

so far as the Rajmahal flora is concerned, there does not seem
to be much to say for the Cretaceous view. A species of Proto-
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cyaihea, rooently described from the Sakrigali beds by Mr. Jacob,**

may at first seem to indicate that here the series passes up into

the (Cretaceous. It is true this genus was not so far known in

the Jurassic
;
but it is only a form genus, based upon casts of the

stems of tree-ferns. All it indicates is the occurrence of Cyathea-

ceous ferns with a large multiple leaf-trace. Leaf impressions

referable to this family are already know7i in the Jurassic. Mr.

Jacob’s species, moreover, being new to science,cannot by itself

serve as an index of geological age, and it is associated with typical

Rajmahal species of cycads and (*onifers : Ptihjphyllurn acuti-

folium, Nilssonia Morrisiana, Brachyphyllum expansnm, and
other forms.

This is all that the plants have to offer in support of Dr.

Spath’s view, and you will agree this is not worth much. A
point (^ould perhaps be made for an Upper Jurassic age if we
knew definitely that Wllliamfionm scoiica, with which the Raj-

mahal form W. Sewardlana is closely allied, is definitely an Upper
Jurassic species, but at pn^sent even this is unccirtain. On the

other hand, if the Rajmahal stems known as Pentoxylon have any
real affinity with the genus Rhf^xoxylon, whicJi again is uncertain,

we may have some remote indication in favour of Dr. du Toit’s

view that the Rajmahal series may extend back into the Trias,

T am not competent to express an opinion on the nature of

Dr. Spath’s evidenc e from the Madras Ammonites, and how far

it is justifiable to apply that evidence to other areas. But if that

evidence is conclusive and if it must also apply to th(^ Rajmahal
beds, then here, at least, is a real bone of contention betw(Hm
the pala'obotanist and the j)alaeozoologist. We were so long

accustomed to look upon the Rajmahal flora as Jurassic that we
had nearly forgotten there was any other viewpoint but the

palaeobotanical. But 1 am one of those who believe that between
the testimony of fossil plants and the testimony of fossil animals
there is, and there ought to be, no real conflict. Nor do J believe

that where the field relations of the beds are clear they should
ever contradict the fossil evidence. Apparent contradictions

there are many, as we shall se(i in our joint discussion on the
subject this afternoon. But these contradictions, 1 venture
to think, are nearly all of our own making. They are born of
errors due to a lack of data or to our own imperfect understanding
of the data.

As regards the floras of tin* Kota, Jabalpur and Umia stages,

which are much less known, it would be rash to express definite

views till our revision of these floras is finished. The Umia
plant-beds were originally classed as Jurassic, and the flora did
not seem to contradict this view. But some years ago we were
told that these freshwater deposits are interstratified with
marine fossiliferous beds homotaxial with the Wealden. If this

is an established fact we must look for a Lower Cretaceous
element in the flora. At the present moment no undoubted
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Lower Cretaceous forms are known from these beds but some
recent collections have not yet been examined.

A Wealden flora in India,

Quite recently Dr. Heron and Mr. P. N. Mukerjee have dis-

covered what T believe is the only land flora in India definitely

known to be of Cretaceous age. This comes from the Himmat-
nagar sandstone in the Idar State in Western Rajpiitana. In

this small collection it was interesting to find two widespread

genera of xerophytic ferns, Matonidium and Weichselia, showing
for the first time the extension of the Wealdtm flora into India.^^i

The Matonidium is a new species closely related to M. Goeppertiy

which is more c*ommon in the Wealden rocks than in the Jurassic.

The other germs is represented by the well known form W,
reticulata, a leading species of the Wealden flora. In the Nubian
sandstone of Egypt this fern is associated with some undoubted
dicotyledons. It would be interesting to look for the remains
of flowering plants in the Himmatnagar sandstone, and for

Weirkselia in the Uniia beds. It would bo interesting also to

know if the Barrner sandstone in Kajputana, in which angio-

sperms are known to occur, is of the same age as the Himmat-
nagar beds. The floras of the Bagh beds, and ofthe Lameta beds,

which underlie the great Tertiary volcanic series in the Deccan,
are still entirely unknown.

Cretaceous marine algce from Southern India.

In the marine limestones of the Niniyur group in the Trichi-

nopoly district Professor L. Rama Rao of Bangalore discovered
an algal flora of great, interest, a descrijition of which we owe to
Professor Julius Pia. The plants have been referred to several

existing families of sea weeds. The majority of the species

being new to science the flora by itselfdoes not throw much light

upon the age of the limestones, but on the whole the evidence
at hand suggests that these plants flourished in a transgression

of the sea towards the close of the Cretaceous period.

Tertiary Floras,

Tertiary (and ? posUTertiary) algce.

8o far as we know tliis is the first record of algal remains
from the Cretaceous rocks of India. But in the early Tertiary

beds, dept)sited along the shores of the great Nummulitic sea,

we have evidence of marine or brackish-water algsB from a number
of scattered localities. From the Ecoene of Sind Professor

Walton described a Triploporella, a member of the modem
family Dasycladacese. From the Nummultic beds of Cherra-

punji in Assam the late Professor H. C. Das-Gupta® assigned
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to Lithothamnium some algae associated with diatoms and Fora-

minifera. The reference to the modem genus should be regarded

as provisional. He also mentions the occurrence of similar algae

in Navanagar, Porbunder and elsewhere in Western India, in

rocks apparently of much younger ages. A further collection

from Assam, recently sent me by the Director of the Geological

Survey, seems to include a calcareous algal flora comparable in

importance with that discovered by Professor Rama Rao in

Southern India. Fossil algae have also been found in strata of

debatable age in Waziristan and in the Kohat district on the

N.W. Frontier.

Characeous fruits, often loosely described under the modem
gemis Chara, but more safely assigned to Oyrogonites, were first

reported from Tertiary beds in the Deccan just over a hundred
years ago,®^» * but they have never been adequately described. In

recent years they have been collected in several new localities,

notably near Sausar in the Chhindwara district,®® and again in

the Rajahmundry area.®® In the latter district (near Pungadi
and Dudukur) the Mysore geologists Narayana Rao and Sripada

Rao have discovered several genera of marine algae, including

Acicularia, Neomeris and, strangely enough, a Holosporelh^^

apparently identical with an Upper Triassic species from the

Burrno-Siamese border.

Evidently, the algal remains of the Indian strata offer a

vast field of research, of which only the fringe has yet been

touched. It is not improbable that their investigation will

yield results of importance both to the botanist and the strati-

graphical geologist.

The flora of the Deccan Intertrappean Series,

During the times when these algae flourished in the estuarine^

and coastal waters of the Deccan, the peninsula witnessed an
era of unprecedented volcanic activity. Lavas of a fluid type
welled up from fissures in the earth and overflowed the land,

while rains ofvolcanic ash repeatedly overwhelmed the vegetation.

An observant traveller landing at Bombay, who crosses the

Western Ghats by the Great Indian Peninsular railway, cannot
fail to notice the low, flat-topped hills which dominate the land-

scape as far as Nagpur and beyond. These terraces represent

the weathered surfaces of these lava flows or ‘ traps ’ at different

levels in a great basaltic series, aggregating several thousand feet

in thickness. Here and there, between the traps, are preserved

lenticlos of freshwater sediments, occasionally mixed with beds
of volcanic ash. These so-called Intertrappean deposits appear
to have been mostly laid down in small temporary lakes which
must have been formed at intervals by the damming up of streams

by intermittent outbursts of lava ;
and they contain a most

valuable record of the floras and faunas of those times.
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The Intertrappean flora is indeed one of unique interest,

because nearly all the major groups of the plant Idngdom are

represented, and the plants are mostly silicified, their structure

being often exquisitely preserved. It is therefore worth while

to devote a few words to an account of this important flora, and
of the way in which it has influenced the views of geologists

concerning the age of the Deccan lavas.

Interest in the geology and palaeontology of the Deccan
dates back through well over a hundred years.

+• ‘^8^' It is associated with the names of some of the

of earliest geologists who worked in this country :

Malcolmson,^^ Hi'^.lop and Hunter, Carter *

and others. Of the large collection of fossils that we owe
to the labours of these pioneers, the animals have been

described, but the plant remains were never adequately

examini'd. For over 70 years they were forgotten, scattered

in various museums in India and abroad. Many of these

historic specimens, alas, can no longer be traced and are

apparently lost to science. The long years of oblivion suffered

by these collections were particularly unfortunate, because

the clear and direct evidence of the age of the Deccan Traps,

which this flora provides, was temporarily lost sight of. This
evidence was in their time appreciated by Malcolmson, Hislop

and others, who compared the flora in a general way with that of

the London Clay, already known from Bowerbank’s work.*

Down to 1871 Thomas Oldham®* also upheld the view that the

Traps were of early Tertiary age. But soon afterwards serious

doubts arose among geologists as to the wisdom of relying upon
fossil plants in fixing the ages of strata. A prolonged and bitter

controversy over the ages of the Gondwana floras resulted in a
serious setback to the recognition of palseobotany as an aid to

stratigraphical geology. For the time being, at any rate, fossil

plants were at a discount, not only here but in Europe.
In India the effect of this opposition was particularly severe ;

the foremost Indian geologists of the day, includmg such influen-

tial men as W. T. Blanford, H. B. Meolicott and the Oldhams,
had given the verdict that the evidence of plant-remains was
untrustworthy : the palseobotanical witness had to stand down.

it was during this period that the question of the age of

the Deccan Traps was reviewed, more than once. The animal
evidence, at first thought to support a Tertiary age, now appeared
to give no lead in the matter. And the plants, of course, were
not to be trusted. There remained only the indirect evidence,

firstly, of the underlying Lameta beds whose exact relations with

the Traps, by the way, are still unknown
;
and, secondly, of

conditions in other areas, like the West Coast at Surat and
Broach and even further afield, in Sind and Baluchistan. Rely-

ing upon these data for what they were worth, W. T. Blanford
(see under 5) cast his opinion in favour ofthe view that the Deccan
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lavaH were of Cretaceous age, not Tertiary as the plants had
suggested. Whether it was that this indirect evidence was

really decisive or whether the Gondwana controversy had turned

him against the plants, the fact remains that the Cretaceous

view i)r(> vailed. Blanford certainly had not much respect for

plant-remains. But his judgment in most debated questions

was reputed to be so sound that 1 reckon this was one of the few

matters in whit^h he erred. Thirty years ago Sir Arthur Smith
Woodward reiterated the old view, this time on the basis of

some fish remains from beds then believtKl to be Lametas but

which quite probably were Intortrappeans. But the verdict

had been given, and Blanford’s view held almost undisputed

sway until—shall wo say, the plants came into the evidence

once more. This haj^pened in January 1934, when a prelimi-

nary account of the lieccan flora was placed before this section*

at the Bombay session of tlie Congress.®®* ®®*

Enquiries made during the previous seven or eight years had
already led to the recovery of many of the old specimens from

various museums both in India and elsewhere. At the same time,

fresh collections had been added from a number of new localities

by members of the Geological Survey, by Professors Rode,
Agharkar and Parija, by Mr. Shukla of Nagpur and by others.

Of the new dis(;overies tlui most important from the point of view
of geological age was Professor Rode’s find of an undoubted
Nipadites, a genus of palm fruits eminently characteristic

of the Eoceiu? (fig. 9). Its value lay in the fact that although

Hislop ®®’ ® had mentioned this genus among his large collec-

tion of fruits and seeds, the original specimens had never been
described and were no longer traceable.

The detailed investigation of this ac^cumulatod material,

now being described at Lucknow, will take some time but, as

explained, our preliminary survey had already made it clear some
years ago that a flora which included Nipadite^, the familiar

water-fern Azolla, and, especially, an overwhelming proportion

of palms, could not have flourished in Cretaceous times : it was
undoubtedly a younger flora.

But this was by no m(5ans all. Soon after the first reaction

of scepticism was over, fresh evidence from a number of different
sources converged in support of a Tertiary age. Messrs. Narayana
Rao and Sripada Rao of Mysore announced that in the basal

Intertrappeans near Rajahmundry they had discovered the re-

mains of the sea-weed Acicularia, essentially a Tertiary genus, as

well as several species of stoneworts which they identified with well

known Tertiary forms from Europe. Professor L. Rama Rao
of Bangalore reviewed the question as a geologist and on the whole
favoured the view that ‘ the Tertiary era had already dawned
when the first lavas of the Deccan were poured out From the
animal side, too, the evidence became reassuring. Professor
J. H. Bonnema ofGroningen, who kindly examined some ostracod
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remains at my request, was of the opinion that although their

testimony was not decisive, they were more probably Tertiary

than Cretaceous. The most encouraging results have accrued

from Dr. Hora’s examination of the fish-remains,*^ which not
only confirmed the plant evidence as to the age, but also

supported the idea, suggested by the occurrence of Nipadites,

and at first received with scepticism by Mr. Crookshank,
that at least in some parts of the Central Provinces estuarine

conditions must have prevailed. Lastly, Professor V. S. Dubey
of Benares wrote that his estimates of the helium content, at

least of the basalts in Western India, also indicated a Tertiary

age ; although, of course, the traps round Nagpur, Chhindwara
and Rajahmundry should also be estimated before the evidence

from radioactivity can be said to prove that the whole of the

Trap series is of post-Cretaceous age. The reason for this

caution is that it was from these areas that the fossil evidence
was derived, and it is here that the earliest traps arc said to bo
exposed.

Taken as a whole, the evidence was distinctly in favour of

the conclusion based upon the plant remains.^*

Happily, the controversy is now almost laid at rest. Last
year, when this question was discussed at our Hyderabad session,

we had the gratification to find that some geologists took the
lead in upholding the view which had so long remained in the
background. In short, we discovered on that occasion, as we
hasre done before and since, that there really is no conflict between
the testimony ofthe rocks and that ofthe plants or of the animals.

I have gone into the history of this question in some detail

—

in greater detail, perhaps, than is appropriate to an address—^but

I thouglit that no review of palacobotany in India would be
complete without a reference to the way in which the study of

plant-remains has come into its own. But of this we shall hear
more at tiie discussion on plant and animal fossils which is to

come off this afternoon.

Of individual plants of botanical interest in the Deccan
flora the number is too large to justify more

tills
than a cursory reference. At least in some
JocaJities the flora is largely an aquatic one,

and, as stated, local estuarine conditions are indicated by the

occurrence ofNipadites, a fruit closely resembling that ofthe stem-

less palm Nipafruitcana which is common in the Sunderbans and
other tropical estuaries at the present day. Other palm fruits

include one with a trilocular ovary and three large seeds, the

fibrous fruit-coat being traversed by longitudinal canals which
must have aided dispersal in water.®®» Some of the algae,

as we have seen, were brackish-water or even marine forms.

Other aquatic plants are represented by abundant fruits of

Charophyta, angiosperm stems with large air-channels and
poorly developed wood, shreds of aerenchymatous tissue in the

11
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process of decay, associated with fungal mycelia as well as

filamentous aquatic algae apparently covered with minute
unicellular epiphytes. Specially interesting, and very common
at Sausar, is an AzolUi whose mega- and microsporocarps,

and many free-lying massulae with their anchor-tipped glochidia,

are perfectly preserved
;
fragments of leaves and stems, as well

as roots covered with root-sheaths, within which a row of papillae

apparently represent young root hairs, (^an be matched with the

corresponding organs of some living species of this water-fem.

The name Enigvnocarpon has been given to a multilocular fruit

(fig. 14) of unknown affinity;'^®’ it has eight radial septa

springing from an axile jdacenta ;
the thick carpel wall consists of

spongy tissue well adapted for dispersal by water
;
the dehiscence

is (;1early marked as loculicidal ;
the numerous anatropous ovules

contain a dicotyledonous embryo. Two species of cardamoms*
were found (one is shown in figs. 6, 7), and a strange kind of longi-

tudinally ribbed seed has been given tlie name Sausarospermwm}^^
Viracarpon is a cylindrical aggregate fruit with six-seeded

partial fruits crowded round the axis. Two new genera of seed

bearing cones,®® Takliostrohus and Indostrobus, as well as a new
species referred to Pityostrohus^^ show that the conifers were not

unrepresented. Dicotyledons are also to be found. But by
far the commonest plant-remains in this prolific flora are the

petrified stems of palms, sometimes with their sheathing leaf

bases attached, and often with a mantle of adventitious roots

still preserved round the base of the trunk.

Unfortunately, these fragments of palm stems are never
found in organic connexion with flowers or fruits, or evcui with
the distal parts of leaves, wiiich might give some clue to their

systematic position in the family, for there must be many genera

and several tribes of this family reprcisent enl among the hundreds
of specimens collected. In the absence of satisfactory criteria

for a natural classification palflpobotanists have) been forced to
group all species of petrified palm wood into the single artificial

genus Palmoxylon. Of this genus we have now been able to
put together, in the course of the last 17 years’ work, no less

than 45 Indian species, ®'^> where only three were known
before, including one from Ceylon.

The variety of structure shown by these Palmoxyla is

bewildering. A highly artificial classification, based upon
variable features of the anatomy, such as the distribution and
form of the fibrovascular bimdles, has been adopted, and the
danger of creating spurious species is enhanced by the fact that
these characters vary in different parts of the same stem.

Obviously, in describing these Indian Palmoxyla it was
important to compare the anatomy of modem species of palms,
with a view to discover, if possible, some more constant and
reliable criteria of affinity. There was always the hope that
in this way we might be able to link up at least some of the fossil
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species with modern genera whose place in the family was estab-

lished on the safer ground of floral structure. The task was
a laborious one, because the tissues of the palm stem are

notoriously difficult to deal with. But in the hands of Mr. K. N.
Kaul of Lucknow, who has evolved his own technique of pre-

paring the sections by grinding, these difficulties have been
largely overcome. And what is much more important to the
palaiobotanist, he has acitually discovered a criterion, or rather

a set of criteria, which run without any large degree of variation

through entire genera. This, of course, is the essence of a natural

classification : constancy through groups of generic rank, with
variations marking species within the genus. Mr. Kaul will

expound his results before you himself this morning, but I may
briefly state the main point he has made. The chief basis of

his anatomical classification is the ground tissue.^® Relying
upon this basis he has been able to show that the fossil species

which I had named Palmoxylon coronatum is anatomically a
Borassus^ that my Palmoxylon mathuri is a Bactris and that my
Palmoxylon sundaram is a Cocos. The work is not yet complete,

but it will be agreed that the back of the problem is broken.

We should now be in a position to refer at least the best preserved

of our Palmoxyla to natural genera of palms.

Other Tertiary floras.

1 do not propose to detain you long over the other Tertiary

floras, of which the remains we find preserved in numerous
places, scattered far and wide in the country .*» ^4, 25. 27, 84, 85, 97,

126, 126 j have elsewhere given an indication of the wealth of

this material, and of its great interest in connection with the geo-

graphical distribution ofmodem floras.

Apart from the Deccan IntertrapjX'an series, by far the
most important of our Tertiary plant-bearing strata are those

of the Siwalik System and its equivalents. These are exposed
along the foot of the great mountain belt stretching from Sind
in the west to as far as Burma in the oast, and they correspond in

age to the Miocene and Pliocene of Europe. These extensive

formations have yielded a rich flora of modem aspect : leaf

impressions of angiosperms
;
petrified wood both of dicotyledons

and palms
;
fruits and seeds. Several of our Palmoxyla come

from the Pegu and Irrawady series of Burma, which are believed

to cover the period from the Oligocene to the Pliocene
; both these

sseies contain a great profusion of silicified wood, evidently

derived from rich forests not unlike those of modern Burma.

The Pliocene upheaval of the Himalayas.

About half an hour back I was trying to show how the study
of fossil plants has helped us to visualize horizontal earth move-
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ments of large magnitude. Before closing this address I should

like to refer briefly to another aspect of geology on which recent

pateobotanical work in India has thrown light. I mean vertical

movements ofthe earth’s crust, leading to the formation of moun-
tain ranges. We have already seen that the chain of mountain
arcs from Baluchistan to the Malay Archipelago replaced a former

line of weakness in the earth’s crust ;
and like the seams of a

patched up garment it is a raised line. Let us see how the study
of fossil floras helps us to understand this most recent of all seams
in the earth’s crust.

From a revision of the Indian fossil conifers,®^’ ®® undertaken

about ten years ago, the striking fact emerged
Its relation with In the Tertiary flora of northern India

Burma tht^re was no trace whatever of

India. fuis group of plants. Conners, as we all

know, cover vast areas in the Himalayas today.

But even the younger strata of the Siwalik System, which, the

geologists tell us, were deposited during the Pliocene, have yielded

no trace of conifers. The first evidence of this group appears in

the overlying Pleistocene beds in which the characteristic winged
pollen of Abietinese has been recognized. The advent of the

coniferous flora of the Himalayas must therefore be placed at

a date towards the end of the Pliocene or even later. Now the

great majority of Himalayan conifers, the deodar, the spruce,

the silver fir, yew, juniper and others are plants of cold or cold

temperate climates. It is therefore a plausible idea that the

coniferous invasion of India was postponed till the elevation of

the Himalayas had providcni a climate suitable for the growth of

these alpine and sub-alpine plants. And this idea fits in generally

with the findings of geologists : the Pliocene was a ix'.riod of

marked orogenic upheaval in the Himalayas, though the final

upheavals did not come till the Pleistocene.

Pleistocene Floras.

The Karewas of Kashmir.

Let us now follow up the (^lue a little furthei* and see what
the Pleistocene flora has to tell. Perhaps the most fascinating

of Pleistocene floras is that of the Karewas of Kashmir,^®® to

which Godwin Austen drew attention over 70 years ago. Some
of these Karewa beds are richly fossiliforous lake deposits contain-

ing a varied assemblage of forest trees and shrubs as well as

aquatic plants, frequently associated with fish bones and fresh-

water shells. They must have been laid down in a vast body
of water, possibly a series of connected lakes, covering an area
much greater than th(‘, pnjsent valley of Kashmir. In the valley

the beds lie horizontally, as they were originally laid down.
But the same strata have been traced in a (continuous series
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up the slopes of the mountains on either side and hero they lie

tilted towards the valley at angles up to 30 or 40 degrees, the

dip gradually decreasing as we approach the valley. Isolated

K^ewa patches have been found on the N.E. slopcis of the Pir

Panjal range even at altitudes of 13,000 feet or more.

The Hirmlayan uplift siime the advent, of Man.

Within the thickness of over a thousand feet of these strata

there are three or four glacial horizons, corresponding to those

in the Pleistocene of Europe. The fossiliferoiis horizons represent

only the mild interglacial periods. What is more, at least in

one of these interglacial bods, not far from Srinagar, Dr. de Terra

has recently found stone implements, apparently marking the

arrival of Palaeolithic! man,^^ and in a slightly higher layer at

the same spot were discovered pieces of charcoal, and the clay

figure of an ox. It is evident that we are now rapidly getting

down to our own timers. And who knows but that our present

civilization may after all bt! only an interglaciial episode within
the Pleistoceiu'

!

But 1 find I am digressing. T must talk about the plant
fossils and their connexion with the Himalayan uplift. In a
(!olloc*tion ofKarewa fossils from near Baramula my late colleague

Dr. S. K. Mukerji (st'c rec'ognized the heaves of a large number
of modern ^;peci(!s, while i)r. Wodehouse and Dr. S. 0. Varma
have identified the pollen grains of several conifers and dicoty-

ledons. To mention oidy a few of these plants, we have the
pine, deodar, spru(!e and silver fir

;
also the oak, willow, poplar,

l>ox and rhododendron, as w(!ll as aquatic plants such as the water
nut {Trapa), Vallisneria and stoneworts. As for the water
plants, th(! same sjiecies still flourish in the lakes and streams of
the valley of Kashmir, into which also the leaves of trees from
higluT altitudes are still being washed down.

The geological interest of these aquatic species lies in the
fixet that while in the valley, which is only a little over 5,000
f(!et above sea-level, they live in a mild climate, their fossil

remains hav(! been found in the Karewa beds at altitudes where
they could not possibly exist today. At Bota Pathri near
Gulmarg 1 have collectc^d fossil fruits of T'rapa from a height

of 9,500 feet, where snow lies for the greater part of the year

(figs. 10, 11). The only conclusion is that the Pir Panjal

Range has been upheaved through several thousand feet since

the time when these! plants lived in the great Pleistocene lake of

Kashmir.
This conclusion is by no means new. Godwin Austen had

already acutely suggested that a great part of the Himalayan
uplift had probably taken place since the advent of Man. Indeed
the suggestion might even be ventured that Palaeolithic Man
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may have been able to migrate freely between India and China

by the direct route across the region of the Himalayas which at

that time may not have been high enough to form an effective

barrier.

The Relation between PALiEOBOTANV and Archeology

The fact that some of these recent palaBolithic finds in

northern India are geologically datable provides a valuable link

between the time scales of the palaeobotanist on the one side

and of the archaeologist on the other. And one might perhaps

with advantage venture a plea for a closer co-operation between
workers in these two fields. For instance, a visit to the pre-

historic mounds at Harappa last year brought to light some
charcoal of the wood of a conifer, showing that already at that^

early date (at least 2,500 B.C.) our people were in touch with the

forest wealth of the Himalayas, possibly through the medium of

the river Ravi. In the Khokrakot mound at Rohtak, in the

Jumna valley,^®® which is now being excavated, some terra-cottas,

after chemical treatment like fossil incrustations, have revealed

the cuticles of paddy husk. In some of these (cuticles the form of

the cells and the distribution of the stomata can be made out
;
and

the form of the spikelet is also clearly impressed upon the clay,

with which the husk was mixed. Some of these impressions bear

a remarkable likeness to Oryza saliva var. plena, which is distin-

guished by the pn'sence of more than one grain of rice in each
spikelet (figs 12,13). If the date of these terra-cottas can be fixed

archseologically, it may show that this interesting variety of rice

was already known to the Yaiidheya tribes in the rich province of

Bahudhanaka, just about 2,000 years ago.

Investigations on these lines promise much towards an
elucidation of the origin of many of our cultivatful plants. For,
according to the latest resewches of Professor Vavilov (whom
we are particularly sorry not to find amongst us today) it would
seem that it is in this country that this debated problem is most
likely to find solution.

Conclusion.

Ladies and Gentlemen,

In the brief course of this hour we have seen a passing

show of our fossil floras, from the earliest down to the most
recent. We have seen that the study of these floras is not only
interesting in itself, or to the botanist alone

;
but that through

this study the botanist has been able to repay at least a part
of the debt that he owed to the geologist. We have seen, too,

that a critical study of archaeological plant-remains is likely to

yield data of value to the historian. With the inevitable speciali-
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zation of our age continually threatening to divide us, it is no small

gain to Science in India that the brief period of seventeen years

that we have just reviewed has brought about an era of under-

standing and co-operation between us, with still higher promise

for the future. For the true aim of all Science is to unite, not

to separate.

But if I were to tell you what it is that has impressed me
most, amongst the individual results achieved through this

concerted work between scientists in different fields, then I

would say that it is the realization of the great instability of our

earth. Entire continents are drifting. Whole mountains are up-

heaving : almost before our very eyes. For have we any reason

to believe that these movements came to a stop with the arrival

of our own species upon the earth ? It is true we have at presont-

no moans, in India, of measuring the progress either of the hori-

zontal or of the vertical movements that have led to the birth

of our unbelievably youthful Himalayas. But with the advent
of the wireless the technique of recording the position of points

on the earth’s surface, particularly of their meridia, has become
so perfec^t, that it should be possible for a man, within the brief

span of his active life, to detect any drift movements, well

bf^yond the range of experimental error. We may therefore

hope that accurate readings of longitudes will some day yield

direct proof that the distance l)etween, say, Western Baluchistan

and Eastern Burma is steadily diminishing. For the present,

howeyer, the absence of critically placed recording stations

is a practical difficulty in the way.
As for the vertical movement of the Himalayas, we have

seen that recent work in India in which, I am glad to be able

to say, palaeobotany has had its share, shows beyond doubt that

this uplift is largely a matter of the human epoch
109

,
no Indeed all the most recent investigations go to show that

these mountains, far from being an inert mass, are more like a
living, moving, responding organism.

But, after all, is there anything in this fleeting world of
ours that is really at absolute rest ?
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Explanation of Plate.

Fia. 1. Pityosporites sp. Lower Gondwana (Talehir stage) of Kathwai^

Salt Range, Punjab; horizon IJ ft. above the Talehir

Boulder Bed. X 380.

Fig. 2. Pityosporites sp. Locality and horizon as above, x 380.

Fig. 3. Pityosporites sp. Newcastle Coal Measures, (Permocarbonif.)

Newcastle, N.S.W. From a piece of shale crowded with

Qlossopteris hrowniana Bgt. X 400.

Fig. 4. Pityosporites sewardi Virk. Locality and horizon as above

:

from the same piece of shale. X 400.

Fig. 5. Tomiopteris spatulata MeCl. Rajmahal stage (Jurassic) ; Loo.

Nipania, Rajmahal Hills. Transv. sec. of petiole (diagram-

matic). cpx centripetal xylem, cfx centrifugal xylom, px

protoxylem, ph phloem. X ca, 35.

Fig. 6 . Amomomrpiim affine sp. nov. Deccan Tntertrappean series

(Eocene). Loo. unknown. ^Hunter and Hislop Coll., Brit.

Mus. Impressions of two fossil fruits. Nat. size.

Fig. 7. Amomocarpum afftnc sp. nov. A plasticine cast of the same

specimen. Nat. size.

Fig. 8. Elcttaria Cardamormim Mat. & White, a living speinmen for

comparison. Nat. size.

Fig. 9. Nipa (Nipadites) Hindi (Rode) Salmi, Deccan Intortrappean

series (Eocene) of Mohgaon Kalan, Chhindwara Disl., C.P.

Traasv. sec. of drupe. Nat. size. (Coll. K.P. Rode.)

Figs. 10, 11. Trapa sp. Upper Karewa senes (PlinstociuK^) near Bota

Pathri, Pir Panjal Rangt?, Ka.shmir, alt. m. 9,500 ft.

Fruit, nat size. 10a, spine with barbs, x 4J. (Coll. B.

Sahni.)

Fig. 12 Oryza safiva. Impression of spikolet on baked pottery,

showing form of palesc and epidermal cells. The actual

impression is concave, but it appears convi'x in the photo-

graph. Surface find from the Khokrakot mound, Rohtak,

Jiunna valley, x 4*3. (Coll. B. Salmi.)

Fig. 13. Oryza sativa var. plena. Modern, for comparison with the

fossil impres.sion in fig. 12. x 4*3.

Fig. 14. Enigmocarpon Parijai gen. & sp. n. Deccan Intortrappean

series (Eocene) of Mohgaon Kalan, Chhindwara Dist. C.P.

Transv. sec. of 8-loc. fruit, with thick spongy wall

;

dehiscence loculicidal. x 2.

Figs. 1-4 after Miss Virkki ; the rest are original.







SECTION OF ZOOLOGY

President

:

—G. Matthai, M.A., Sc.D., F.L.S., F.R.S.E., F.N.I.,

I.E.S.

Presidential Address ^

ZOOLOGY AND ITS ADVANCEMENT IN INDIA

At the outset I have to express my thanks to the authorities

of the Indian Science Congress Association for asking me to

preside over the Section of Zoology at its Silver Jubilee Session.

This is an honour renewed—since 1920 when I was called upon
to act as Chairman of the Section of Zoology and Ethnography
in the unavoidable absence of the sectional President of that

year and again in 1923 when the tenth Indian Science Congress

met at Lucknow—^to the School of Zoology in the Panjab
University, that has contributed not a little to the progress of

zoological knowledge in India, and has sent its sons during the
past 25 years to fill eminent places in this country for advancing
zoological research and directing the organization necessary for

the promotion of that research in all its aspects.

For this reason, and because we are this week celebrating

the Silver Jubilee of the Indian Science Congress that has

consistently given stimulus and encouragement to zoological

research in all parts of this country, I have thought it fit to

address you on the subject of Zoology and its Advancement in

India.

When the Indian Science Congress was founded in 1914,

there seemed to have been only four centres where zoological

research was being carried on, namely, Madras, Calcutta, Lahore
and Allahabad. To-day there are organized Departments of

Zoology in several University centres in India. Considering

the toancial difficulties in this country the progress that

zoological research and organization has made has been most
gratifying. While in 1914 there were barely half a dozen Indian

zoologists engaged in research work, there is to-day a band of

well-trained devoted research-workers in this country, with not

a mean record of published contributions towards the advance-

ment of zoological knowledge.

1 The information contained in this address has been collected from
publiidied papers and from zoological colleagues in India.

( 177 )

12



178 Part II, Presidential Addresses. (2 )

Judging from the printed proceedings of the first three

sessions of the Indian Science Congress held at Madras, Calcutta

and Lucknow, no presidential addresses seemed to have been

delivered when the Action of Zoology met in succession under the

chairmanship respectively of the late Dr. J. R. Henderson, the

late Dr. N. Annandale, F.R.S. and Dr. W. N. F. Woodland.
At the fourth session held at Bangalore in 1917 Sir Ramunni
Menon, the President of our Section, then designated as the

Section of Zoology and Ethnography, in opening the proceedings
‘ disavowed any intention of giving an introductory address

'

and the few remarks that he made filled but one paragraph.

The printed proceedings of the fifth Indian Science Congress

held at Lahore in 1918 contained the record of the first

presidential address delivered before the Section of Zoology and
^

Ethnography on a special branch of Zoology, viz.. Ichthyology.
*

In the presidential addresses that followed the themes selected

were general, historical, ecological or on special groups or special

problems. Of the three eminent zoologists who were called to

fill the office of General President of the Indian Science Congress,

the late Sir A. G. Bourne, P.R.S. at the fourth Session held at

Bangalore in 1917 dealt with science in general in his presidential

address. The late Dr. N. Annandale, at the eleventh session

held at Bangalore in 1924, and Lt.-Col. Seymour Sewell, F.R.S.

,

at the fourteenth session held at Lahore, in 1927, spoke on
Evolution, the former from the ecological point of view and the
latter from the standpoint of Experimental Zoology.

In his presidential address before the Section of Zoology of

the eighth Indian Science Congress held at Calcutta, in 1921,

Dr. F. H. Gravely dealt with the history of Zoology in India

and Ceylon since 1659. It is not, therefore, necessary to traverse

the ground already covered in that address. We shall confiTie

our attention to what has been accomplished since the founda-
tion of the Indian Science Congress in 1914, more particularly

since 1921. At the tenth Indian Science Congress held at
Lucknow, in 1923, I ventured to address the Section of Zoology
on ‘ Oceanographical Investigation with special reference to the
Indian Ocean summarizing the history of the various methods
in oceanographical research and of the attempts at exploration
of the Indian seas. This was followed up at the twentieth
session held at Patna, in 1933, by Prof. R. Gopala Aiyar in his
presidential address before the Section of Zoology on ‘ Some
aspects of Marine Biological Research ’.

The investigation of the Indian Ocean with a view to a
proper understanding of its Marine Biology was conducted,
sinc?e the first meeting of the Indian Science Congress, mainly by
the R.I.M.S. ‘ Investigator * (till 1926) and the John Murray
Expedition (1933-1934) under the direction of Lt.-Col. Seymour
Sewell. Previously the ‘ Sea-lark ’ Expedition had surveyed the
Western Indian Ocean, south of the Maldives, more particularly
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the islands of the Chagos Archipelago and the Mascarene legion

(during 1906-1906 and 1908-1909). The work of the ‘ Sea-lark
*

Expedition was mainly concerned with problems relating to coral

reefs and atolls and their Biology, and was a continuation of a
previous study of the Maldives and Laccadives. Deep-sea
exploration was not part of its programme. The R.I.M.S.
‘ Investigator ’ concentrated its work in the Andaman Sea and
the Bay of Bengal. The recent work of the John Murray
Expedition was in the region of the Arabian Sea, not covered by
the ‘ Sea-lark ’ Expedition, to the north of the Chagos
Archipelago and the Mascarene region, extending to the south
and south-east as far as the Seychelles, Maldives and the Chagos
Archipelago, and to the west as far as the south-east coast of
Arabia and the East African Coast, north to the Gulf ofAden and
the entrance to the Red Sea and as far as the Gulf of Oman
opening into the Persian Gulf. The study of the Deep-sea
Biology of this region was assisted by physical, chemical, hydro-
graphic and topographic investigations. The Survey of India
collaborated with the John Murray Expedition in the cruise down
the Maldives for making pendulum observations with a view to
determining the nature of the foundations on which the Maldives
and Laccadives are situated.

^ The faunistic evidence, particularly Mammalian, appears to

be against the probability of a previous land connection of the
Andamans and Nicobars with the mainland. It also appears
that the Andaman Sea was at one time like a comparatively
shallow brackish water lake into which flowed the rivers of
Southern Burma, and consists at present of a large basin of sea-

water extending down to 2,000 fathoms and two much smaller

basins to the north-west with a maximum depth of 1,000 fathoms,
and that the Andaman-Nicobar Ridge is connected to the north
with the Arakan Range of Upper Burma and to the south with
Sumatra and Java, the islands themselves being the highest

peaks of a mountain, belonging to the Alpine-Himalayan system,
which subsided beneath the surface of the sea, leaving channels
connecting the Andaman Sea to the Bay of Bengal. There
appears to be also evidence of a comparatively recent upheaval
which seems to have been due more to the corresponding fall

of sea-level than to actual subsidence of land, a process that

appears to have been general in the tropical seas. Around these

islands are flourishing coral reefs which extend much more on
the west than on the east side, as is generally the case with
coral growth in the Pacific and Indian Oceans. The coral banks
to the west of the Andamans probably constitute a barrier reef

extending from Lat. 13®40' N. down to Lat. 10®26'N., of a total

1 Vide * Geographic and Oceanographic research in Indian Waters \
by R. B. Seymour Sewell, C.I.E., Sc.D., F.R.S., Parts I-VIII in Memoira
of the Asiatic Society of Bengal, 1925-1936.
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length of about two hundred miles with a channel, 40 fathoms

deep, intervening between the reef and the coast, and with sea-

ward steep of 250 to 300 fathoms, there being more regular sub-

marine contours on the north and east of the Andaman Sea than

on the west. It appears also that the constitution of the bottom-

deposits of the Andaman Sea and the Bay of Bengal is due more
to the chemical and physical conditions of the upper layers of

the sea-water than to the calcium carbonate dissolving more
rapidly from the deposits.

The work of the R.I.M.S. ‘ Investigator ’ has extended our

knowledge in regard to variation—^seasonal as well as daily—^in

the air temperature over the open waters of the Indian seas, to

the east (Andaman Sea and Bay of Bengal) and west (Gulf of

Manaar and the Laccadive Sea) of the Indian Peninsula, in the

time of occurrence of the diurnal maximum temperature, in th^

wind force, in the humidity of the atmosphere, and in the amount
of rainfall.

A study of the temperature of the coastal water of the

Andaman Sea indicated that there was a yearly double-oscilla-

tion in the surface temperature of the sea similar to that of the

air temperature, that the daily range of temperature and the

time of occurrence of the maximum temperature of the surface

water was subject respectively to seasonal and monthly varia-

tion, that in the case of the air-temperature there was correlation

between the mean temperature, average daily range of tempera-

ture and the time of occurrence of maximum temperature, that

the temperature relationship between the surface water and the

air was liable to variation. There was also evidence indicative

of a correlation between the rise and fall of the tide and of the

salinity and density of the surface water, of seasonal variation

and periodic oscillations in salinity and density (the former
manifesting itself in a yearly double-oscillation) and finally of

the existence of a binodal ‘ seiche ’ in each of the two axes of the

Bay of Bengal as shown by the salinity of the surface water
fluctuating periodically.

Somewhat analogous results were obtained by a study of the
surface water of the open Indian seas with regard to variations

in temperature, there being a double-oscillation in the seasonal

variation and in the mean daily range of temperature com-
parable to those of the air, and with regard to correlation between
the monthly mean and the maximum daily range of temperature,
with certain differences in the different regions of the Indian
seas. It was also seen that, as in the case of the supernatant
air, so in the surface water of the open sea, average temperature
variations, daily range of temperature and the onset of maximum
temperature were correlated. The relationship between the
temperature of the sea-surface and that of the air varied in the
oourse of the year and over the Indian seas, the temperature
difference depending mainly on variation in the wind-force in
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the Indian seas generally. The salinity of the surface water is

subject to daily double-oscillation, which undergoes seasonal

alteration as, during monsoon months, dilution takes place b}^

rain-water or by an increased volume of water flowing into the

sea from the larger rivers. It was also found that there was a
daily, in addition to a yearly, double-oscillation in the wind-
force in the open Indian seas, causing the deeper water to rise

up and be mixed with the surface water. Such a vertical move-
ment of water would influence the correlation in the tempera-
ture of the sea and the air, and would modify the salinity and
density of the surface water.

In the Indian Ocean, as in other great oceans, there is always
a vertical circulation of the layers of water, caused largely by
differences in temperature and salinity. It has been shown that

in the Indian Ocean, more particularly in the Laccadive Sea and
the Bay of Bengal, there are at least four more or less horizontal

layers of water, with different temperatures at different depths,

extending from the bottom Antarctic drift to the surface water
that is constantly being diluted by the out-flow of river-water :

(1) an uppermost surface layer characterized by high tempera-
ture and low salinity which flows towards the north-east or

towards the south-west according to the monsoons, (2) a layer

of water from the polar region, 600-700 fathoms deep, flowing

mainly towards the north, (3) a layer of low salinity, between
700-1,100 fathoms flowing towards the south, (4) the lowermost
layer, which is the Antarctic bottom drift, with a northerly

direction. The iso-thermal lines show a rise from the Maidive
archipelago to the Andaman and Nicobar islands. With regard

to the iso-halines in the Indian seas, it has been noted that in

the Laccadive Sea, north of the equator, water of over 36’0

salinity exists in Long. 74®-79®E. down to a depth varying from
328 fathoms in Long, 74° 45'E. to 1 ,094 fathoms in Long. 76°47'E

.

In the Bay of Bengal, water of the same salinity occurs in

Long. 88°E. from 109-219 fathoms, in Long. 96°-97° E. at a
depth of 820 fathoms, the salinity decreasing to 34*8-34*7 at

lower levels.

The average temperature of the sea-water varies slightly

from 28°*31C. at the surface to 26°’75C. at a depth of 25 fathoms.

Lower down the temperature of the sea-water falls rapidly to

over 3°C. in each 25 fathoms, thus at a depth of 125 fathoms the

average temperature is about 13°C. A discontinuity zone is

thus postulated at depths with a fall of temperature of over

3°C. in an interval of 25 fathoms.

Of the equatorial surface currents in the Indian Ocean the

north equatorial current flows from the Andaman Sea towards

the Somali coast, whilst the contra-equatorial current to the

south between Lat. 2°-5°S. flows in the opposite direction

extending down to a great depth. The north equatorial current

is, however, neutralized by the south-west monsoon. The
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Antarctic Bottom drift divides in the Indian Ocean into three

branches, the western-most branch flows up to the east of

Madagascar, the eastern-most moves north, north-west towards

the east coast of South India, becoming sub-divided by
Carf)enter’s Eidge, one of the subdivisions flowing between

Carpenter’s Eidge and the Andaman-Nicobar-Eidge up to

Lat. 12®N., whilst the other sub-branch divides again to pass

respectively into the Laccadive Sea and into the Bay of Bengal

up to Lat. 9®N.

A reversal of seasons is noticeable in the Indian seas at a

depth of about 100 fathoms, comparable to the phenomenon
that takes place in the temperate seas, November to January
being the summer months and the seasonal range of temperature

about 3®-5C. Temperature records seem to show that in the

Bay of Bengal, from 104 to 2,200 fathoms, there is a double-*

oscillation in the temperature of the deeper waters, which in

the Andaman Sea is delayed by about a month. In the Andaman
Sea the temperature below 800 fathoms is influenced by the

presence of the volcanic range that runs through it.

The Laccadive and Maidive Archipelagoes which are

situated on two plateaux whose depth vary from 1,000 to 1,200

fathoms from north to south, merges at the 1,300 fathom
line into a common base connected with Peninsular India to the

north, and has a depth of water of over 2,000 fathoms on each

side of its southern end. The continental shelf off the west coast

of India has a depth of about 100 fathoms, and at one time per-

haps formed part of the Indian Peninsula, subsequently sinking

beneath the sea by actual subsidence or by rise in the sea level,

as evidenced by the faulting along the coast : or may be the

result of the deposition of eroded material from the land surface

as indicated by certain differences in the different regions. Coral

growth occurs off the coast of Ceylon on the comparatively narrow
continental shelf. The floor of the Laccadive Sea is said to have
considerably subsided in tertiary times. According to Sewell,
‘ All the evidence that we have been considering seems to

indicate that originally between India and Africa lay a con-

necting mass or series of masses of land forming either a portion
of a large continent, namely Gondwanaland, or at a possibly

later stage a narrow connecting isthmus, part of the supposed
xjontinent of Lemuria, that finally underwent subsidence and
was drowned beneath the Indian Ocean, leaving only the topmost
peaks as islands. One cannot, however, ignore the suggestion
put forward by Wegener in his work on the origin of Continents
and Oceans that India and Africa were at one time part of the
same land mass and that they have gradually drifted apart

’

(pp. 436-37). According to the same author, ' A study of the
contours of the Laccadive and Maidive regions and of the
soundings that have been taken on the two sides, shows clearly
that the basis on which these coral reefs and atolls are perched
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is a magnificent mountain range that at the present day rises

at its southern end from a depth of over 2,000 fathoms and that,

if we include the Chagos region, extends through a distance

from north to south of nearly 1,500 miles. This great mountain
chain runs in a nearly north and south direction and as one
would expect in a range of this magnitude, exhibits at certain

points along its length breaks in its continuity, some of greater

extent than others, that are quite comparable to the various

passes that one finds in mountain ranges on land. As a result of

these breaks, the islands now marking the topmost peaks are

divided into geographical groups, each of which is still further

subdivided into a series of banks and plateaux ’ (p. 437). This

mountain system is said to have been continuous at one time
with the oldest mountain range in India, namely the Aravalli

Mountains. The Laccadive-Maldive Ridge was subject to sub-

aerial erosion owing to exposure to the south-west monsoon. As
the ridge sank beneath the sea level, marine erosion would
transform the ridge into a number of plateaux. These changes

apparently took place at the close of the tertiary epoch, and
corals began to grow on the eroded plateaux when the glacial

epoch terminated. Analogous changes took place in the Bay of

Bengal, resulting in the formation of the Andaman Sea bounded
to the east by a mountain range which, unlike the Maldive-

Laccadive Ridge, was not entirely sunk beneath the sea surface.

According to Sewell, the available evidence is * in favour of the

view that the general conformation of the basis on which the

present-day atolls and reefs of these Archipelagoes are situated

is the result of sub-aerial and marine erosion on a gradually but
continually sinking mountain range ’ (p. 444), whilst Stanley
Gardiner had previously accounted for the present condition ofthe

Maldives to submarine erosion extending to a depth of about
200 fathoms brought about by the action of currents, and not
due to recent subsidence of land. According to the latter

author it was hardly likely that the islands on atolls were formed
by the action of wind and waves in piling up sand and coral

detritus, but resulted from a slight fall in the sea-level that

occurred comparatively recently (about 4,000 years ago). Along
the coast and islands ofthe Indian seas, evidence is forthcoming of
a comparatively recent fall in sea-level (16-20 feet), such as

exposed masses of dead coral (as in the Mergui Archipelago),

elevated sea beach (east coast of India), raised coral beaches,

(Andaman and Nicobar Islands), broad flats (Ceylon), raised

coral reefs (South India, near Pamban), raised beaches (south-

west coast of India). Similar changes in sea-level have also been

taking place in the Chagos Archipelago and the Mascarene
region.

In areas of coral growth the building up of the reefs and
atolls is assisted by the corals themselves and by Nullipores, as

well as by coral debris subsequently consolidate into * conglo-
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merate rocks ’ and various kinds oflimestone. The deterioration

of the reefs is caused by the erosive action of currents and waves

and boring organisms such as sipunculids, holothurians, algse and
sponges, by changes in the normal temperature and salinity of

the sea-water. Studies on coral reefs have shown that condi-

tions vary in different regions, necessitating the investigation of

atolls and reefs with special reference to local conditions. Reef-

forming corals cannot grow at a depth greater than 25 to 30

fathoms owing to insufficiency of sunlight in the deeper layers of

the sea. In the estuarine region of the Indian seas such as the

mouth of the Ganges (Bay of Bengal), and of the Indus (Arabian

Sea) reef-forming corals do not occur owing to adverse condi-

tions resulting from the deposition of mud and silt and perhaps

also to dilution of the sea-water. In studying coral-reef forma-

tions in the Indian seas it is necessary to bear in mind ther

temperature factor in the deposition of calcium carbonate by the

rapid evaporation of sea-water, which assists in consolidating

coral debris into coral conglomerate, the importance of

encrusting Nullipores such as Lithophyllum
^
Lithothamnion in

reef-formation, particularly of the outer part of the reef, the

value of surface currents in the open seas bringing food material,

and of waves in assisting the formation of Nullipores. In the

Maldives and Laccadives both sides of the atolls get the benefit of

surface currents and waves owing to the north-east and south-

west monsoons occurring at difterenf times of the year. Hence
coral growth on botli sides of these atolls does not present much
difference. In the case of any gradual subsidence of land or

rise of the sea-level reef corals, by their continuous growth, will

be able to keep the reef surface at the level of the sea. If the
change should take place suddenly the reefs will become sub-

merged coral banks. Such submerged coral banks are found in

the western region of the Indian seas, particularly in the Chagos
Archipelago, the Great Chagos Bank being a well-known instance
of a submerged atoll with raised margin 6~10 fathoms deep,
the central lagoon being 45-46 fathoms deep. One of the
reasons (Stanley Gardiner 1930, p. 8), why the submerged coral
banks at a depth of more than 10 fathoms are unable to raise

themselves up to the sea-level, is because the corals and cal-

cartjous algas are killed by the deposition of amorphous carbonate
of lime precipitated from the supersaturated sea-water by
chemical action of their chlorophyll on carbon dioxide, neither
the movement of waves and currents nor the ciliary action of
the coral polyps being sufficiently effective at such depths to
remove the calcareous deposit. When the seaward edge of the
outer reef of atolls is fully exposed to the action of waves, parti-
cularly during the monsoon seasons, there is rich growth of
Lithophyllum protecting the exposed seaward edge against the
continuous action of waves that prevent the growth of reef
corals as seems to be the case in the Maidive atolls. The islands
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on the reef flat of some of the atolls of the Laccadives and
Maldives may have been formed by the action of waves in piling

up coral debris on the reef-flat, or by elevation of the coral-reefs

consequent on a fall of the sea-level, the raised reefs subsequently
becoming divided by erosion and by the formation of deep
channels as in certain parts of Minikoi atoll, the Laccadive
Archipelago and in the North Malos Bank in the Maldives
(Stanley Gardiner 1903, pp. 34-36, 149 and 171).

Precipitation of calcium carbonate may take place in various
ways, when fresh water from the land supersaturated with lime
meets the salt water of the sea, such action taking place between
tide levels (Stanley Gardiner 1930, p. 16 and 1931, p. 43), by
the action of denitrifying bacteria (Drew 1914), by the action
of decomposing organic matter, by the photosynthetic action of
algae and by evaporation consequent on rising temperature.

The seaward side of the islands in the Laccadives and
Maldives is being continually eroded by the action (solvent and
mechanical) of waves, particularly in the case of those atolls

that lie in the direction of the south-west monsoon. In Diego
Garcia situated to the south of the equator, erosion has taken
place only where the entrance channels pass into the lagoon, since

this island is not aflfected by the south-west monsoon. Com-
parative absence of erosion on the east and south-east sides of

the Laccadive and Maidive atolls probably account for the
presence of numerous atolls on those sides. The eroded debris

and sand from the seaward face of the atolls is driven over into

the lagoon and is deposited on the lagoon floor. This material

as it accumulates on the lagoon side begins at a certain stage to

undergo erosion. Erosion taking place on both sides would
ultimately wipe out the island. It seems to be a common
occurrence that coral reefs on the lagoon or seaward sides have a

vertical steep. There is abundant coral growth on the inner

side of lagoon reefs in the Indian seas, the reef itself sloping to a

depth of 1-2 fathoms, then dropping down to a steep which may
get undercut by various agencies such as solution, erosion, des-

truction by boring organisms. The undercutting is perhaps due
to certain factors, in the deeper parts of the reefs, that inhibit or

retard coral growth, such as lack of sunlight, higher temperature

of the sea-water that in high tide flows over the reef-flat down to

the lagoon bottom, this water, while deficient in oxygen and food

contents, carries products of erosion to the bottom of the lagoon.

In the case of atolls lying north to south the upper part of the

steep will overshadow the lower region for part of the day, thus

adversely affecting coral-growth in the deeper parts. Since the

deposition of sand and mud on the upper part of an atoll will be

adverse to coral-growth the reef-flat may become discontinuous.

In the coral reefs and atolls in the Indian seas where erosion is

taking place there are indications of coral destruction on the

reef-surface, ultimately resulting in the breaking up of the reefs, a
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good example of which is the Horsburg Atoll of the Laccadives

in which Stanley Gardiner noticed in 1903 (pp. 307-380) dis-

appearance of land on the south and west sides whilst on the

north and east sides erosion was actively taking place. Large

quantities of d6bris resulting from the destruction of land has

settled on the upper part of the lagoon reef. With the complete

disappearance of land on the south and west sides, deposition of

silt will no longer take place, and reef building corals could grow
on the north and east sides, thus assisting in the formation of a

steep. In the larger lagoons the greater part of the bottom is

hard, sediment (consisting of reef detritus, skeletal remains of

pelagic organisms, and calcium carbonate precipitated from the

sea-water) occurring on the floor of the smaller lagoons. In the

lagoons both destructive and constructive processes are at work,

if the former is more active the lagoon will widen, if the latter

process is more rapid the reef will extend into the lagoon and
may ultimately displace it. In the Indian Ocean there are

several instances of lagoons tending to become shallow towards

the windward side (the prevailing winds being mainly the south-

west and north-east monsoons). The detritus from the windward
reefs tends to get evenly deposited on the lagoon floor by the

action ofwaves and currents, but occasionally may get aggregated

on the lee-ward side of the reefs.

With regard to the channels that connect lagoons with the

open sea, the deeper ones were probably present from the com-
mencement of the formation of the coral bank, as coral-growth

from such depths was impossible, whilst the shallow channels

perhaps had a secondary origin by the deposition of detritus

killing c'oral -growth.
^ Our knowledge of the topography of the western region

of the Indian seas has been extended by the recent John Murray
Expedition. The Gulf of Aden is 900 to 1,400 fathoms deep,
the depth changing abruptly and the central region being
characterized by the presence of ridges alternating with troughs.
The contours at the western end run from east to west, whilst at

the eastern end and in the middle they are from north-east to

south-west. The south-westward ridge from Ras Fartak, about
120 miles long, has on it a depth of 700 to 800 fathoms, its eastern
side suddenly dropping to over 2,000 fathoms

;
depth of over

2,700 fathoms (12,0(K) ft.) has been determined by two
soundings towards its north end, the greatest depth so far

recorded for the Gulf and the Arabian Sea. A gully runs by
the side of this ridge. There is no evidence of the ridge in the
centre of the Gulf having any connection with the mainland. In
the Arabian Sea and the entrance to the Persian Gulf, between

1 Vide ‘Scientific Reports of the John Murray Expedition *, Vol. I,

Kob. 2-6, 1936 and 1986, and ‘Nature*, 1933 (Vol. 131, pp. 640 and 641),
1934 (Vol. 133, pp. 86-89, 669-672; Vol. 134, pp. 686-688).
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Khorya Morya Islands and Bas al Hadd, the decrease in depth
is rapid between the 1,000 fathom and 500 fathom lines.

The decrease to the 250 fathom line is more gradual, then
steep to 60 fathoms. There was no evidence of corals in a
bottom sample taken from the San Carlos Banks. The Murray
Ridge discovered by the expedition ‘ appears to be the con-

tinuation of one of a series of banks that run in a south-westerly

direction from Karachi, possibly a submerged connection of the
Pab Mountains. It differs, however, in one respect, in that while

it appears to be steep to, and uneven on its summit, the others

appear to be more in the nature of shelving banks. In longitude

64®E. three separate banks appear. The northern one rises from
1,730 to 964 fathoms and falls to 2,000 fathoms on its southern
side, from which the second ridge rises to 790 fathoms. The
third bank rises to 413 fathoms, and is probably separated

from the second by a depth of about 1,200 fathoms
The gully of 2,000 fathoms that separates the two northern banks
is similar to the one that lies on the eastern side of Murray Ridge.

It is the existence of these gullies that make it probable that they
are connected, and that the Murray Ridge is a continuation of the
northern bank * (Farquharson, p. 50). The Ridge appears to be
continued to the south in Lat. 16°N. and Long. 60°E. and ulti-

mately connected with the Carlsberg Ridge in the Indian Ocean.
The Makran Basin has a depth of 1,750 to 1,830 fathoms to the
north of the line from Ras al Had to the Murray Ridge, has a
smooth bottom and bounded on the north (60 miles from the

mainland) ‘ by a barrier that usually rises between 400 and 500
fathoms from the general depth ’ (Farquharson, p. 51). Between
the barrier and the Makran coast there are ridges and valleys

more or less parallel to the coast, the depth of the valleys exceed-

ing that of the barrier by 200 or 300 fathoms. The south-eastern

boundary of the Makran Basin is formed by banks that extend
from Karachi.

The Carlsberg Ridge divides the western region of the Indian
Ocean into north-eastern and south-western halves, and was so

named by Dr. Johannes Schmidt who crossed it on the ‘ Dana
The direction of the Ridge is to the south-east from Socotra

continued south from the Equator and then south towards the

Chagos Archipelago as far perhaps as the island of Rodriguez.

The Ridge itself appears to be double. The north-eastern

basin of the Indian Ocean lying between the Maldives and
Laccadives on the east, the bank extending south-west from
Karachi on the north, and the Chagos Archipelago on the south

is about 2,400 fathoms deep, being continuous through the channel

between the Chagos Archipelago and Addu Atoll, with the deep
waters to the south-east. The south-western basin is about

2,700 fathoms deep to the north, and appears to be divided

towards the south by a plateau less than 1,000 fathoms deep,

connecting Mauritius with the Seychelles through Cargados
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Carajos, Nazareth Bank and Saya de Maha Bank, and having a

possible extension to the north. There appears to be a common
ridge above the 1,300 fathom line on which the Maldives,

Minikoi and the Laccadives are situated, Minikoi itself being

part of the Laccadives, as suggested by irregularities in slope

and contour, rather than of the Maldives. King Fuad Bank is

probably a submerged atoll with a distinct rim about 40 feet

high and a level floor 130 fathoms deep. There is a basin of

water with a depth of 1,500-1,640 fathoms between the 1,000

fathom line off the mainland and the upper part of the Maldives,

which does not appear to be connected with the deep waters to

the south-east.

As a result of the work of No. 14 Party, Survey of India,

in collaboration with the John Murray Expedition, for four weeks
in March and April, 1934, Lt.-Col. E. A. Glennie reported ak

follows :

—

* The large negative anomalies in the Maldives are remark-

able ; these increase towards the central meridian of the

Archipelago. Precisely the opposite is the case at Minikoi, for

the crustal warp anomaly is positive on land and reduces to zero

at the sea station to the west, thus indicating a tectonic condi-

tion under the Laccadives apparently opposite to that under the

Maldives.

From the gravity and deflection observations on the west
coast of India it is known that a positive area flanks the coast

as far south as Mangalore
;
if this is extended to Minikoi it is

significant that a line drawn from Minikoi to Mangalore will

skirt the southern margin of Kalpeni and Androth Islands,

Ellicalpeni Bank and other shallow soundings . It seems therefore

a plausible deduction that the great positive upwarp off the
Bombay coast runs south under the Laccadives to Minikoi,

while the flanking depression of the crust on its east side con-

tinues out to sea south of Mangalore to the line of the Maldives,

where a continental fragment of the crust has been crushed in

the downwarp or submerged ’ (p. 96).

In his account of Addu Atoll, Sewell noted the changes that
have taken place after the visits by Stanley Gardiner and Forster
Cooper in 1900 and of Agassiz in 1902 with reference to the reef-

platform, the outer reef, the islands of the reef-platform, the
lagoon reef and the lagoon. It was not possible to ascertain

definitely the relative part played by the two factors viz., the
summit of the mountain on which the atoU has been formed and
the varying growth rate of the reef, in determining the shape
of the atoll. The north-eastern horn of the atoll is probably due
to the submarine contours tending to extend to the east and
north-east. There are coral heads on the south-west side of the
atoll brought up by heavy waves during the south-west monsoon
which has greater effect on the atoll in spite of its situation below
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the Equator than the north-east monsoon, which also probably
accounts for the absence of coral blocks on the east side of the

atoll. The islands on the west side of the reef-platform occur
near its inner margin and are greater in size than the islands on
its eastern side. There is also considerable difference between
the east and west sides of the lagoon reef. The lagoon floor is

poor in regard to coral-growth, due perhaps to the adverse effect

of sulphuretted hydrogen which is comparatively abundant on
the lagoon floor.

Horsburgh or Goifureehendu Atoll is markedly different

from Addu Atoll, as the former is affected by both the south-

west and north-east monsoons, being situated in about Lat. 4°

51' N., Long. 72® 55' E. On the north and north-east sides of

this atoll occurs a row of islands, external to which is the outer

reef-flat or boat-channel and to the inside is the lagoon reef-

flat. A similar distinction into three concentric zones cannot
be made out elsewhere in the atoU as the land has completely
disappeared from that part of the reef owing perhaps to the

action of the south-west monsoon, that blows heavily on the

south and west sides of the atoU. The lagoon floor appears to

be basin-shaped, not flat, being deeper in the centre (23 fathoms)
than at the circumference, the floor thus sloping upwards from
the lagoon centre.

' Begarding the reefs of the Western Indian Ocean, it has
been recently pointed out that the Mascarene Region, situated

farther from the Equator, differs from the Chagos Archipelago in

regard to conditions of reef-growth, changes adverse to reef-

growth taking place at a much faster rate than in the latter.

The Chagos Archipelago seems to have remained unchanged for

a comparatively long period of time after the change of sea-level

resulted in the appearance of land as in coral reefs generally.

With the subsequent seaward growth of the reefs on a ‘ talus

slope ' a corresponding extension of land also took place. No
land is seen on the ‘ lagoon shoals ’ owing to submergence,
except when Lithothamnioness are present on the bank assisting

in the formation of a reef. Reef-forming organisms have not
brought about any change in the depth or extent of the lagoon,

as their growth is restricted. The banks are to be regarded as

having been formed by submergence of land and not as reefs

actually growing up. The Chagos Archipelago is separated from
the Maldives by a depth of over 2,000 fathoms, the Archipelago

itself being situated on a southward extension of the Maldive-

Laccadive Ridge to 4® S., with a narrow trough probably inter-

1 Vide * The Beefs of the Western Indian Ooean—I Chagos Archi-

pelago ; n The Masoarene Region *, and ‘ Concluding Remarks on the

distribution of the land and marine fauna, with a list of the water tem-
perature observations *, by J. Stanley Gardiner, F.R.S., in Transactions

of the Linnean Society of London, Vol. XIX, Part 4, 1936.
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vening between the Carlsberg Ridge and the Chagos Archipelago.

Within the 1,000 fathom line the Archipelago extends from

about 4® 40' S. to T 45' S., the ridge on which it is situated

probably extending to farther south at a lower depth. Stanley

Gardiner remarks :
‘ The Great Chagos Bank is the dominant

feature of the group, for it is 92 miles across and 63 miles north

and south within the 20-fathom line. This gives it a circum-

ference of about 240 miles, on which there are 9 miles of surface

reef, 200 miles of shoal water, 5-12 fathoms, and 32 miles in

eighteen passages with over 20 fathoms, leading to a great central

plateau of 38-48 fathoms with relatively few shoal banks arising

upon it. The weather during our visit prevented any investiga-

tion of this bank, but the records of Great Chagos, together with

the considerable information we collected verbally, do not

support the idea that it is an atoll in course of formation, for

much of the circumference is said to be bare of Lithothamnionecs

and large coral ’ (p. 396). In the Chagos Archipelago there

appears to be a gradual slope down to about 50 fathoms (the

depth limit for the growth of calcareous algae and reef corals

at which the water temperature suddenly drops) before the

commencement of the steep, seen in most coral reefs, which is

said to be of the nature of a ‘ talus slope ' composed of detritus

washed down by currents. The Chagos are situated between the

counter equatorial and equatorial currents flowing east and
west respectively, and their submarine topography seems to be
determined by the currents set up by the tides. It appears that

the ‘ basal platform ’ of the reefs and banks of the Chagos is

within the 850-fathom line, the floor being comparatively smooth
and clean. ‘ This cleanness of the floor at 500 to 800 fathoms,
the nature of the “ deposit ” obtained from it, the absence of any
thickness of deposit and the dredgings, irresistibly suggested
a current-swept floor between the atolls and banks. A thin

coating of “ manganese ” on some shells and on two pieces

of rock tom off the bottom supported this idea ’ (p. 397).

Regarding the formation of the Chagos Archipelago Stanley
Gardiner suggests :

* In the Chagos we have to think either of
a subsided or of a peneplaned land. The reef-building society

evolved in the Cretaceous, producing its wave-resisting struc-

tures which are known as coral reefs. This gives the earliest

date for the possible commencement of the Chagos coral reefs.

It allows a period, perhaps of 10 million years, for a levelling-

down of foundations suitable .for its atolls and for a possible

subsequent increased depth between them, so as to produce the
present topography of the Archipelago. Such a recent planing-
down may have operated upon a land that was subjected to a
similar process even from Archean times.

I do not doubt the former existence of a high land beneath
the Chagos Archipelago, this perhaps with mountain peaks.
But I see no need to call in the help of any agencies to pmiuce
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its present structure beyond the physical and chemical actions of
air and water, the effects of these subsequently controlled by the
bodies of living organisms * (pp. 397-398).

Salomon Atoll seems to have been formed by a change in

the sea-level, the reef growing on the seaward side. Over the
greater part of the lagoon reef-forming organisms seem to have
perished, partly by the deposition of mud but chiefly due to the
precipitation of lime by the organisms themselves.

In his detailed account of Salomon Atoll, Stanley Gardiner
says : ‘The intention, when the Percy Sladen Expedition left

England, was to chart an atoll in the Indian Ocean in a manner
analogous to the chart of Funafuti, so that comparisons of the
constructive and destructive forces at work in shaping atolls

might be determined after the lapse of a period of time. Salomon
Atoll was chosen for this purpose * (p. 398). Dredging by the
Percy Sladen Expedition ‘ proved unquestionably that the steep

is the angle of accumulation of reef material formed in shallow
water, the talus slope, all sedentary life upon it unimportant as
building material ’ (p. 412). In Egmont Atoll also there is

evidence of the reefs extending on the seaward side as in the
case of Salomon Atoll, with clearer indication of a lowering of the
sea-level resulting in the appearance of land. Diego Garcia
with more extensive land area than in any other atoll of the
Chagos Archipelago is said to be formed by ‘recession of the
sea ’ with seaward growth of reefs all round but loss of land on
the lagoon side resulting in extension of the lagoon itself. Peros
Banhos, which is an abnormal atoll in several respects, is ‘ deemed
to be in a decaying condition, perhaps in an earlier stage to that

found in Great Chagos Atoll ’ (p. 420) owing to loss of land being
greater than the gain. The lagoon is up to 41 fathoms deep,

whilst the passages, ofwhich there are twelve, are much shallower,

the maximum depth being only 15 fathoms
;
this contrast in the

relative depth of the lagoon and the passages connecting the
lagoon with the outer sea is a unique feature. Whilst in the
Southern Maldives the greater part of the lagoon floor within 10
fathoms of the greatest depth is flat, in Peros Banhos the central

part of the lagoon floor is much deeper. Another unique feature

is the presence of water (2-4 fathoms) over most of the lagoon

shoals. Summarising his impressions, Stanley Gardiner suggests,
‘ that Peros Banhos is an atoll breaking up rather than in process

of formation, its land, originally formed by a small recession of

sea-level, gradually washing away though growing out locally,

its lagoon not filling-up though its open conditions seemed
highly favourable to coral growth. Can Peros represent a stage

analogous to one in the history of Great Chagos Bank, still later

developed in Speaker’s and Pitt Banks ? * (p. 426).

The Mascarene Region, unlike the Chagos and the Maidive
Archipelago, does not possess clearly mark^ ‘ zonal structure

In this region cementing Idthophylhm is comparatively absent
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from the seaward edge of the reefs (hence without seaward

growth), coral growth less abundant, coral colonies smaller but

with larger quantity of dead corals on the reefs than in the

Chagos Archipelago. Stanley Gardiner held ‘ that the facts can

only be explained on the view that the general action in progress

throughout the south-west quadrant of the Indian Ocean is an
erosion of all reefs on their seaward faces. This action if long

continued would account for the existence of submerged banks,

either by the direct truncation of former granitic, volcanic or

organically formed lands * (p. 426). According to the same
author, ‘ the chief feature of the south-west quarter of the

Indian Ocean is a broad ridge included within the 1,000-fathom

line that extends northwards from Mauritius to the Seychelles

and probably continues south to the Amirante Bank. It does

not join Madagascar, for there would seem to be three breaks

of over 2,000 fathoms, viz., south of Amirante, south of Alphonse-

Francois and south of Farquhar, all the islands in this region

apparently rising from about this depth as isolated plateaux.

Of these Providence is known to be connected with volcanic

foundations. Except Seychelles (granite) and Mauritius and
Reunion (volcanic) all the island rock is limestone of some coral

reef facies and most of it would seem to have reached its island

position by a lowering of the sea surface that was perhaps of

universal occurrence.

The most peculiar structure of the region is the series of

submerged banks on the Mauritius-Seychelles ridge. They are all

plateaux lying within the depth zone of photo-tropic organisms,

which for plants i;erminates at 60 fathoms or thereabouts and for

animal builders, all of prime importance being dependent on
symbiotic algae, at 40 fathoms ’ (p. 426).

According to Stanley Gardiner the regression of coral reefs

in this region cannot be accounted for by any biological reason

such as sedentary organisms that cause destruction by boring

into the reefs, since the activity of such organisms is decreased

at the depths at which reefs of this region are situated, nor by
sediment which cannot settle on the seaward sides of reefs and
banks nor by precipitation of calcium carbonate for such pre-

cipitation is not visible on coral polyps on the seaward sides,

nor by currents whose action is less on the sides facing the sea,

nor by temperature which at 50 fathoms is not lower than
61®*9F., nor by any decrease in the amount of plankton that

serve as food material to coral polyps, for it is not liable to

much quantitative variation in the Indian Ocean, nor does the

chemical composition of the surface water in the Indian seas

show any appreciable difference. Stanley Gardiner says,
* the only theory that fits our region is that its present coral

islands, its encircling ridges and shoals, are the remains of still

broader coral structures, perhaps surface structures, that were
built up subsequent to the cutting down to a base level of great
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lands—and that the processes which produced these effects still

continue in action to the present day. Such a theory fits best

our phenomena, but we have no valid suggestion of any kind
as to why there should be such a regression of the reefs. Topo-
graphical reasons and abundant sedimentation may help to

explain the absence of reefs round Madagascar and their com-
parative absence j)ff East Africa, but such an effect off the
reefiess Arabian coast is less clear—and the question does not.

arise in the Red Sea, where there are vigorous reefs along more
than 1,000 miles of coasts. Ceylon on its south coast has the

one slope in our ocean where the topography suggests the former
existence of a barrier enclosing a lagoon, but here we have to

the south the great Maidive and Chagos Archipelagoes, the reefs

of which are as vigorous as those of the more equatorial waters

of the Pacific ’ (p. 428). In short, ‘ the formation decay and
regression of our Mascarene reefs may have been governed by
world changes which may slow down and change but which
never cease * (p. 429).

From his study of the insect fauna of the Seychelles, 8cott

was inclined to the view (with which Stanley Gardiner agreed)

that the Seychelles belong more to the Oriental than to any of

the other great Regions. In this connection Stanley Gardiner
makes an interesting suggestion that for a further elucidation of

the geographical relationsofisland fauna it would be advantageous
io make an intensive study of the fauna (particularly insects) of

the Nicobar Archipelago. The fauna of the Seychelles seems to

be related more to those of Ceylon and Malaya, although several

genera of primitive facies occur in the Seychelles. Stanley
Gardiner says, *a continent between India and Madagascar
appeals to us much in the same way as the lost Atlantis to the
newspaper public, this continent is no longer a necessity for the
distributionalist ’ (p. 455). The island history of the Seychelles

seems to have continued from early tertiary times. The fauna of
the Seychelles appears to be also related to that of Mauritius and
Madagascar, suggesting a former land connection between the
Amirante and Mauritius. ‘ The topography of the submerged
banks so remarkably resembles that of the Seychelles bank that
our deduction that it represents former land may reasonably be
applied to them, since they scarcely can be supposed to have
bwn plateaux arising from 2,000 fms. to 50 fms. below the
surface ’ (p. 455). In order to explain the conspicuous afi&nities

of the Seychelles fauna and flora with those of the Oriental

region Stanley Gardiner does not think it necessary to assume
any former land connection. ‘ The time factor is large, the island

was a large one and there are numerous banks which may well

have been covered with land, and there may too have been a
continuation southward of India where the Laccadives and
Maldives now stand. The regular wind and wave currents in

the region are eminently suitable to bring the plants and beasts

13
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from the Oriental region. Ohagos too might have been a station

on the way, but always an isolated station, because the poverty

of the animals on its banks is not consistent with a former con-

nection to the Maldives. The sea-borne organisms, finding in

Seychelles a large and varied land with a multitude of new
environments, would naturally react in the same way as all

nature has reacted to produce evolution. Thus has been formed
that fauna and flora so varied and highly specu'alized which is

characteristic* of the present Seychelles Islands. Gondwanaland,
universally accepted 30 or 40 years ago, is in my opinion a doubt-

ful proposition
;
its existence depends on biological evidence and

this assuredly requires no such land of tertiary date across the

Indian Ocean ’ (pp. 455-456).

Attention is drawn to the comparative poverty of the land

fauna of the Chagos Archipelago. The results of the two Pertjy

81aden Trust Expeditions seem to indicate that the Chagos and
the Maldives are of recent origin. The fauna of the Maldives

and Laccadives is related to that of the Oriental region, and the

Chagos might have derived their fauna partly from the Maldives,

but mostly from the East Indies as seems probable from the

systematic study of the collections made by the Percy Sladen

Trust Expeditions. The latter faunistic relationship is perhaps

due to larva? from the East Indies being carried to the Indian

Ocean by curreuits whose direction is mainly from east to west.

Stanley Gardiner regards the shallow water fauna of the

Indian Ocean as having evolved from the north-west and north-

east regions of that ocean, subsequently spreading towards the

Pacifica Ocean. In the collections made by the Percy Sladen
Trust Expedition only 254 species were common to the reefs of

the Chagos Archipelago and the Mascarene Region, although the

total number of species recorded from the two regions was res-

pectively 573 and 557. In these two regions as much as 55 per

cent, of the organisms differed from each other, this considerable

difference (;ould be accoiint6?d for by the fact that in the Mascarene
region the reefs are not clcati as in the Chagos Archipelago. The
former are also less protected against the action of currents.

Owing to the rapid decay of the reefs in the Mascarene region

the seawater contains much mud and silt which tends to become
deposited on the reefs to the detriment of the fauna. On the
other hand the reefs of the Chagos Archipelago are in a com-
paratively stable condition. The fauna of the Masciarene region

might have partly migrated from the Chagos Archipelago
;
part

of the fauna of the Mascarenes might also have been derived from
Africa. Thus according to Stanley Gardiner, the Mascjarene
fauna is ‘ made up of a combination of organisms belonging to

the whole ofthe Indian Ocean to which is added a limited number
which had made their way thus far west from the Malay region

together with a larger number that have somehow spread down
from the west and north. This conclusion, applied to the two
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sets ofreeforganisms, is perhaps not certain,even a little doubtful,

but, if the whole Mascarene fauna to 100 fms. is considered, it

becomes at once more probable, in some groups appearing almost
convincing ’ (p. 460). The deep-sea fauna in the Chagos and
Mascarene regions seems to have been derived from shallow
water forms. It appears to be cosmopolitan in distribution,

owing to the prevalence of more or less uniform conditions such
as lack of light and currents, composition of the sea floor (largely

of ooze or mud), sea-water lieing uniformly low in temperature
but rich in oxygen, nitrates and phosphates, the food material

consisting largely of organisms that sink to the bottom as they
die. The comparative poverty of the deep-sea fauna in these

regions is perhaps due to the hardness of the sea-floor and per-

haps also to the fact tliat the quantity of plankton which serve

as food material to the larger organisms’ is less in the Indian
seas than in the temperate regions. In 8))ite of the ‘ shallow
and fierce conditions ’ of life on the reefs of the Chagos and the
Mascarenes it is interesting to observe that the animals do not
exhibit any special structural features that may be regarded as

adaptations to the peculiar environmental conditions. Stanley
(jardiner sums up his observations as follows :

—
‘ The (*onclusion

[ reach is that there is the deep-se^^ zone, little varied in the
essential features of its environments, and shallower to it a dis-

tinct phototropic zone. Between the two is a special region of

loose rock masses, whic'h are loved and sought by certain

animals from above and b('low because of their relative freedom
from mud. The phototropic area I regard as one zone in a
scientific sense, viz., as inhabited throughout by the same flora

and fauna, always excepting some few plants and symbiotic
animals that may be affected by the strength of the illumination

that fKJiietrates to them. Practically considered, however, the

phototropic zone is divisible into two f)arts, which have their

centres at perhaps 5 to 30 fms., each with its dominant plants

and animals. The differences between the species of these two
centres is to be regarded as due to the variations in the environ-

ments of the two depths rather than to any definite depth
zonation ’ (p. 463).

^The Madreporarian corals collected by Prof. J. Stanley

(lardiner, F.R.S., in his several expeditions to the Indian Ocean,
])articularly of the Astrseid corals, provided material, augmented
by further collections from the Pacific and Atlantic Oceans anfl

the Red Sea, for a comparative study, for the first time, of the

morphological organization of their hard and soft parts, with a

view to determining, if possible, the limits of species and genera,

most previous taxonomic studies on corals having been based on

1 Vide, ‘ A revision of the Recent Colonial Astraeidae possessing

diatinot corallites * Histology of the soft parts of Astraeid Corals
‘ Colony-formation in Astraeid Corals *,

* A monograph of the recent

meandroid AstraBidas by G. Matthai, 1914, 1923, 1926 and 1928.
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characters taken solely from the hard parts that are liable to

considerable variation. The same material, along with others,

formed the basis for an exhaustive study of colony-formation in

AstrsBid corals which was found to be by two main types of

budding, intra-tentacular and extra-tentacular. In the former,

different conditions were studied—distomodasal, tristomodseal,

triple stomodceal, intra-mural (linear) polystomodseal, circum-

mural polystomodsBal and circum-oral. It was also found that

directive couples of mesenteries were either present or absent in

Astreeid genera, irrespective of the type of budding, whether

extra-tentacular or intra-tentacular. Hence the presence or

absence of two directive couples of mesenteries, and therefore of

biradial symmetry, assumed primary importance in classification.

The presence of inter-stomodflcal couples of mesenteries between

neighbouring stomodaba of di-, tri-, triple, and polystomod»«d
conditions was a morphological feature no less significant than the

presence or absence of two directive couples of mesenteries. It

was ascertained that in most meandroid Astrasid corals linkage

of stomodsea was indirect by means of interstomodaeal couples,

whilst in a genus like Symphyllia linkage of stomodaea was direct

by means of mesenterial strands. The same collection provided

material for an intensive histological study of the three layers

constituting the soft parts of Astraeid polyi)s revealing the syn-

cytial nature of the ectoderm and endoderm and the fibrous and
nucleated texture of the middle lamina comparable to connective

tissue and suggestive of an incipient mesodermal condition. The
histological structure, no less than the gross anatomy, particularly

the nematocysts—^their nature, distribution and relative

abundance-furnished reliable taxonomic characters. This fur-

ther led to a comprehensive study of all type material of Astraeid

corals preserved in the European and American Museums to

assist in the revision of the two groups of Astraeid corals—^those

possessing distinct corallites and the meandroid forms.
^ The Zoological Survey of India, since its inauguration on

Ist July, 1916, has been engaged in faunistic investigation,

especially of lakes and estuaries, more than morphological or

economic research. The first and the most important survey was
of the brackish water of the Chilka lake and its island (Barkuda).
The estuarine fauna of Goa in Portuguese India was studied for

comparison with similar areas in lower Bengal. A study was
also made of the fauna of the Mutlah river in the Gangetic
delta which was found to be poor in species but rich in individuals,

and seemed to show remarkable resemblance to deep-sea fauna
(particularly in regard to colouration, translucency and in the
possession of filamentous processes) although the river itself

has a depth of only 4 to 8 fathoms. This resemblance was

Vide AeportB of the Zoologioai Survey of India, 1916-1935.
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interpreted to be the result of convergent evolution brought
about by certain factors common to both types of environment,
such as muddy bottom and low visibility. Special attention was
devoted to the study of the fauna of the Inl6 Lake on the Shan
Plateau. This lake, at the time of investigation, was about
14 miles long but comparatively shallow, being a ‘ Solution

Lake * with a depth not exceeding 12 feet and muddy bottom.
This lake was found to be characterized, like the Mutlah river,

by abundance of individuals and paucity of species, its fish

fauna being conspicuously coloured, the molluscs resembling
those of deep water in several respects and also furnishing in-

stances of variation in correlation with environment. Work
was undertaken on the fauna in the environs of Calcutta, parti-

cularly of the river Hughli. A study of the geographical dis-

tribution of species was attempted along with their systematic
position. A previous study of the faunas of the lake of Tiberias

in Palestine, lake Biwa in Japan, the Tai-Hu in China and the
Tale-Sap in Siam enabled a comparison to be made of them with
the fauna of the Chilka lake. The animal societies in these

different lakes seemed to show more of diversity than of

resemblance.

A biological survey of the Indian freshwater molluscs and
their Trematode parasites was undertaken with a view to deter-

mining the relation of the disease Bilharziasis or Schistosomiasis

with any possible molluscan hosts, indigenous or otherwise, but
the results were negative which showed that there was little or

no risk of infection anywhere in India. In connection with this

investigation a tour was undertaken to Seistan in East Persia

where a study was also initiated of the aquatic fauna of the
Hamun-i-Helmand which receives the river Helmand.

The aquatic and terrestrial fauna of the Punjab Salt Range
was studied. An interesting investigation of cave fauna under-
taken for the first time in India was that of the Siju Cave in the

Garo Hills, Assam. Particular attention has been paid to the
study of the fishes of hill streams in various parts of India and
their structural and other adaptations to this peculiar environ-

ment. Special investigations with an economic bias have been
made on behalf of Government, although in a limited sphere.

An attempt was also made to study the freshwater fauna of the

Andamans for a better understanding of the origin of such fauna
and for comparison with the fauna of other lakes such as the

Chilka lake. Attempts were also made to survey the fauna of

some of the rivers of the North-west Frontier Province and of

the back-waters of Cochin State. Since the Manchar lake in

Sind and the back-waters of Vizagapatam were being subjected

to considerable changes, the former by the establishment of the

Sukhur Barrage and the latter by the construction of the harbour,

a survey was made of the fauna of these changing waters. After

the completion of the study of the fauna of the Chilka lake an
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inveHtigation was started of the fauna (and the Hydrogen-ion
concentration) of the Nerbiidda river which is peculiar in flowing

from east to west. A survey was made of the Burma-Chinese
Frontier in the upper Shan States (to enquire into the possibility

of the spread of Schistosomiasis) and of the ‘ relict marine fauna
’

of the Indawgyi lake in Burma.
Fisheries research specially on Trochus was conducted in

the Andamans, and results of both scientific and economic
interests were obtained. Survey work was also attempted in

Chitral and in the Eastern Ghats, the latter in conjunction with

the Bombay Natural History Society. The investigation of the

fauna of the brackish streams in the Salt Range in the Punjab
and of their conditions of life have been of particular value.

These streams are interesting since they begin as fresh water
subsequently becoming saline. Similar investigation was under-

taken of the waters of the Hughli which also change from
fresh to saline. The faunistic study of the Indian backwaters to

the north of Calicut and Bangalore was also undertaken. Work
of this kind seems to have been undertaken for the first time in

India in regard to inland waters.
' The study of higher Zoology at a Unive^rsity Centre in India

seems to have started for the first time at Madras more than

50 years ago under A. G. Bourne and J. R. Henderson, and a
paper on ‘ Notes on the Anatomy of Scorpions ^ was published

in the Quarterly Journal of Microscopical Scien(*e as early as

1889, This pioneer attempt was helped by tlu^ Provincial

Government by the establishment of a Museum with an important
Natural History Section, of a Marine Aquarium, a Department of
Fisheries, a Marine Biological Station at Krusadai, and latterly

by the University in founding a Zoological Laboratory solely for

research. Numerous papers have already been published by
researchworkers at Madras dealing with several aspects ofZoology.
With the opportunities aifordod by an extensive sea coast and
the facilities provided by the several zoological institutions,

Madras promises to become a leading centre for research in

Marine Zoology. Cytology also takes a prominent place in the
programme of the Research Laboratory.

It was not till twenty years later that higher zoological

teaching was started in Lahore under the direction of Stephenson.
Since then a band of enthusiastic research workers have con-
tributed not a little to the advancement of zoological knowledge,
several of whom are at present holding responsible research
posts in different parts of the country. Particular attention has
been devoted to faunistic, morphological and cytological work by
the school of Zoology at Lahore. Special areas have been
selected for intensive study namely Lahore (terrestrial and

^ Based on information kindly supplied by the Heads of Zoology
Departments in India.
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freshwater), Karachi (marine), and Dal Lake in Kashmir Valley.

Monographs on certain groups have already been published and
others are under preparation. About the same time higher

zoological research was started at Allahabad under Hewlett
followed by Imms and Woodland. Emphasis was laid at that

University on Morphology, and recently on Cytology and Hel-

minthology. Among the older Universities Bombay started higher

teaching and research work in Zoology much later than Madras,
Lahore and Allahabad, but with the establishment of a chair of

Zoology at the Royal Institute of Science a fresh impetus has

been given to zoological work, with the result that a school of

Zoology has been rapidly growing up at that University, with

particular attention given to the investigation of the littoral

marine fauna of the Bombay Coast. At Calcutta where con-

siderable research work in Zoology had been carried out under the

auspices of the Asiatic Society of Bengal, the Indian Museum and
R.I.M.S. ‘ Investigator there was no organization for higher

teaching and research in Zoology at the University itself till the

establishment of a zoological laboratory in 1919. Since then
there has been a remarkable output of research work, especially

on Morphology, Embryology, Protozoology and Entomology.
Research work in Vertebrate Embryology has been a remarkable
feature of the school of Zoology at the Calcutta University.

Of the newer Universities Lucknow has taken the lead in

zoological research work. The study of Oligochsetes started by
Stephenson at Lahore has been carried over to Lucknow, with
emphasis laid on intensive morphological investigation especially

of the excretory and blood vascular systems. The publication of

several volumes of the Indian Zoological Memoirs has also been a
noteworthy feature of t he scliool of Zoology at Lucknow.

In Osmania University at Hyderabad, rightly famous for a
successful experiment in imparting higher education through the

medium of Urdu, the Department of Zoology has not lagged

behind in contributing to the advancement of zoological know-
ledge. Higher zoological work at Bangalore was started at the
Central College in 191 1, the Department subsequently developing
into the school of Zoology of the University of Mysore ;

research

work has been undertaken on Morphology, more particularly on
Amphibia. In the recently established Nagpur University

special attention has been devoted to research work in

Helminthology and Entomology. In the two all-India

Universities namely, Benares Hindu University and Aligarh

Muslim University, facilities have been provided for advanced
zoological work. In the former special attention has been
devoted to research work in Cytology and Cyto-genetics. The
Aligarh Muslim University, noted for its extensive and well

equipped zoological laboratories, has been engaged in research

work mainly on Nematodes, the Ixodidae and certain parasitic

insects.
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The future of our Science in India is secure in the hands of

the enthusiastic zoologists working in different parts of the

country. Its advancement will be still further enhanced by the

establishment of a Department of Zoology at every seat of

learning in India.^

1 I am indebted to Dr. S. L. Hora for sending me in advance the
following articles prepared for the Jubilee Session of the Indian Science
Congress :

—

* An outline of the fauna of India by H. Srinivasa Eao.
‘ Outline of the progress of Zoology in India during the years 1914-

1937 by H. Srinivasa Rao.
‘ Oceans round India *, by R. B. Seymour Sewell.
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We must be happy that after 24 years of steady growth as

a branch of zoology and in the service of agriculture, \nedicine

and veterinary, entomology has established a claiir^ for full

independence. A similar status entomology has enjoyed in

International deliberations since 1910, when the First Inter-

national (Jongress of Entomology was held at Brussels, and
within the Empire entomology has been ‘ self-governing ' since

1920, when the first Imperial Entomological Conference was
held in London. Having taken birth on the auspicious occasion

of the Jubilee Session of the Indian Science Congress, the future

success of this new Section seems assured.

I am deeply conscious of the honour done me in inviting me
to preside over the first session of the Section of Entomology and
I am equally conscious of the great responsibility that rests

upon me, because does not the poet say :

‘ The first brick if a mason lays untrue,

The wall to sky if built shall rise untrue.*

I have, therefore, attempted to trace briefly the history of

Entomology in India, and have ventured to offer for your
consideration, some suggestions for the future development of

the science to which wc owe allegiance : so that the first stone

be laid well and true. It is an ambitious task and I am fully

conscious of its magnitude. I, therefore, crave your indulgence.

IT. ENTOMOLOGY IN ANCIENT INDIA.

It is evident that man’s association with insects dates back
some 500,000 years, when our hoary ancestor hobbled clumsily

on mother earth. His interest in insects was two-fold : they
formed an occasional source of his food—spicy, crisp morsels,

and ‘ they irritated him by day and disturbed his slumber by
night ’. It is certain that he must have adopted the simple
method of ‘ hand-picking ’ to capture insects that formed his

savoury food, and to rid himself of noxious vermin.
Coming to the period of which we have recorded history,

we find the association between insects and man already well-

established, mostly as bitter foes, though here and there as
friends. The more ancient a civilization, the more closely

interwoven this association. Hence India contests with China
the claim of having domesticated the silkworm. It has been
chronicled that in the year 3870 B.C. an Indian King sent as

presents various silken stuffs to a Persian ruler. It must, there-

fore, bo assumed that our forefathers were already well-versed in

the manufacture of silk cloth, some 6,000 years ago (Bolle, 1917).

They certainly knew how silk was spun by the silkworm, because
Yajnavalkgasmati illustrates the creation of the world by God
from Himself ' as the silkworm creates the cocoon from its own



(3 )
Section F//, RnUmclogy, 203

saliva Our ancient sages must have made careful observations

on the life-history and propagation of this insect before they were
able to place the silk industry on a sound basis.

Similarly, lac has been ‘ cultivated ’ in India from pre-

historic times. It has been in use both as a dye and as a resin

for thousands of years. It is mentioned in the Mahabharata,
in the Adi-Parva, that the Kauravas sought the assistance of

Purochak—^an architec^t of fame, to construct such a house as

would destroy their enemy kinsmen the Pandavas. Purochak
constructed a house of lac—a highly inflammable material

(Misra, 1923). The Pandavas getting a timely warning, however,

escaped the calamity.

References to honey-bee are very copious in ancient Sanskrit

literature, honey being used as food and in rituals. It is inter-

esting to find that the ‘ black-bee * was described as a stinging

insect with six legs and given the name Sat-pada—six legged

(Amarkosa, 1st century A.D.), hundreds of years before P. A.

Latreille (1825) invented the term Hexa-poda.
There is abundant evidence to show that ancient Indians

devoted (‘onsiderable attention to the discovery of the medicinal

properties of insects. Undoubtedly this must have fmtailed

careful researches and (‘xtensive and elaborate observations,

continued over hundreds of years. There are also abtmdant
references in ancient books of medicine to insc'ct tormenters of

man and various remedial and preventive measures have been

suggested, some of which have survived to the present day.

The use of chauri, now a mere symbol of dignity and regalia

of royalty, must have originated as a measure of warding off

the attentions of flies. And, burning incenses in temples, and
during religious ceremonials, to please the d(*ities, probably
had its origin as repellents against mostjuitoes and similar other

insects seeking refuge in the dark, cool and humid interiors of

the temples. We have frequent mention in Sanskrit medical

works of the repellent properties of in(*enses and in Alatsyajmrana^

an incense so potent is mentioned that where it is burnt ‘ no I

insect will be seen tlu^re, muther frogs nor snakes
Calamities such as insecit. plagues have been regarded

(and are still regarded among certain people), as manifestations

of Divine wrath for the chastisement of man for his misdeeds.

Visitations of lice, flies and locusts mentioned in Exodus cjame
j

as punishments to the Pharaohs. The consequences of sin could

only be averted through repentence and prayer, and therefore

the aid of the priest became necessary in insect control.^

1 Weiss (1937) has recently contributed an interesting article on
‘ Criminal Prosecution of Insects * in which he has given instances of certain

law suits being instituted against insect pests and supernatural aid of
Church invoked for their destruction. This went on even up to the 1 8th

century.
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There are hymns in Atharva-Veda ' concerning the control

of insect pests of crops, animals and human beings. Whether
these methods of exorcism, sacerdotal conjuring and cursing

were considered sufficiently potent or were employed as aid to

more direct methods, we cannot say.

These hymns, however, give an insight into the variety of

pests that had to be destroyed, the thoroughness of destruction

that was aimed at, and the revenge which was contemplated
against worms, providing abundant proof of the seriousness of

the situation. •

In Europe the scientific study of insects has been traced

back to Aristotle (384-320 B.C.). It cannot be denied that

long before his time Indian learning had reached a very advanced
standard, but we are ignorant ofthe entomological observations of

the Indian contemporaries of Aristotle, Pliny (23-79 A.D.) and
others. Further researches in the ancient lore of our land may
bring to light many facts ofentomological interest . Observation s

about ants and their behaviour, salvaged by Moses (1928) from
folk-lore, are an earnest of what remains to be. discovered. One
may commend such reseail^hes, in a field as yet completely
unexplored, to some entomologically minded scholars of our
classics.

1 Spells against worms (from Atharva-Veda).

(1) The great mill-stone that is Indra’s bruiser of every worm

—

with that I mash together the worm, as khalva-grmxiB with
a mill-stone.

(2) The seen, the unseen one have I bruised, also the knruru have
I bruised ; all the afg&n4u8 the the worms we grind
up with our spell.

(3) I smite algdrkdtu with a great deadly weapon ; burnt, unbumt,
they have become sapless, those left, not-left I draw down
by ray spell, that no one of the worm be left.

(4) Tlie one along the entrails, the one in the head, likewise the
worms in the ribs, the avaskxiyd, the vyadhvard—the worm
we grind up with our spell.

(5) The worms that are in the mountains, in the woods, in the
herbs, in the cattles, within the waters, that have entered
ourselves—that whole generation of worm I smite.

(3) Like Atri I slay you, O worms, like Kanva, like Jamadagni^
with the incantation of Agctstya I mash together the worms.

(4) Slain is the King of the worms also the chief of them is slain,

slain is the worm, having its mother slain, its brother slain,

its sister slain.

(5) Slain are its neighboiuers, slctin its further neighbourers, also

those that are petty as it were all those worms are slain.

(6) I crush up thy two horns, with which thou thrustest 1 split thy
receptacle, which is thy poisQH holder.
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HI. ENTOMOLOGY IN MODERN INDIA.

Taxonomy.

In so far as taxonomic entomology is concerned, its founda-

tion was laid by Linnaeus, and in the 10th edition of his ‘ Systems.

Naturae ’ (1768), he included 12 Indian insects. During the
next thirty years insect collections, made mostly by Christian

Missionaries, had been sent to Europe, and Fabricius in his
‘ Entomologia Systematica * (1792-98) was able to include over

1,000 Indian species. Donovan’s ‘Natural History of Insects

in India ’ was started in 1800. It was based on the collections

of Francillon, Drury, MacLeay, Sir J. Banks and Donovan
himself. Fabricius also had examined these collections. Among
the collectors of the period prior to 1831 may be mentioned,

among others, the names of General Hardwicke, Capt. Smee,
Messrs. Saunders, Hoyle, and Downs. The second edition of

Donovan’s book, revised by Westwood was published in 1842,

and Westwood’s ‘ Cabinet of Oriental Entomology ’ appeared in

1847. These publications are unrivalled for the beauty of their

coloured plates.

The, Asiatic Society of Bengal.

The A8iati(; Socieiy of Bengal was established in 1785 and
under its auspices insot^t collections and knowledge about insects

began to accumulate. The various publications of the Society

contain much valuable entomological literature. Of the efforts

made to encourage scientific enquiry and to disseminate scientific

knowledge, those of Lord Auckland, patron of the Society about

1836, deserve special mention. He arranged informal social

gatherings for the purpose and on the 9th November, 1836,

for the first time, the Governor General’s Conversazione was
held and ‘ Natural Philosophy took its plac(5 among the social

recreations of the Government house ’. ‘A very splendid

collection of insects was seen displayed on the tables and against

the walls, in convenient cabinets : the newest addition to these

(which comprised a portion of Dr. Pearson’s and of the Asiatic;

Society Cabinets) was the donation of Mr. George Loch of the

Civil Service to th^ Asiatic Society at a recent meeting ’ (Journal

Asiatic Society of Bengal, 1936). Incidentally this shows that

insect collections were being presented to the Society early in

its history.

All through the 19th century taxonomic study of Indian

insects receiv^ a good deal of attention and the entomological

publications of that period contain a vast amount of scattered

information, mostly based on the collections made in India by

enthusiastic foreign amateurs, and sent to specialists in Europe

for identification.
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The last quarter of the 19th century is, however, of very

great importance in the history of entomology in India. It

was during this period that entomological work began to be

actually done in the country. The Indian Museum was estab-

lished in 1875, the Bombay Natural History Society in 1883,

and about this time, the ‘ Fauna of British India ’ began to

appear. It was during this period that Boss was making history

in Medical Entomology and the foundation of Agricultural

Entomology was being laid by Cotes and others.

The Indmn Museum, Calcutta.

On the establishment of the Indian Museum, Calcutta in

1875, the entire collection of the Asiatic Society of Bengal was
handed over to the Museum. Cotes (1896), however, informs us

that, ‘ unlike the other portions of the Indian Museum the

Entomological Section did not re(;eive any large contingent

of specimens from the Asiatic Society of Bengal and that ' it

was not until Dr. Anderson (1865-1886) was appointed Curator

that any persistent attempt seems to have been made to gather

together representatives of the general insect fauna of India \

Cotes tells us that previous to his appointment in 1884 the insect

(iollection was under the care of Wood-Mason, Nevill and de
Niceville, and it consisted mainly of the s{)ecimens coll(K*ted

by de Roepstorff from the Andaman and Nicobar islands, by
Wood-Mason from Andaman and Cachar, by Peal from Assam
and by Young from Kulu. Dr. Ferdinand Stoliczka had
bequeathed to the Museum a considerable collection of

Bhynchota. Lionel de Niceville ’s set of butterflies was the
finest that the Museum possessed. There were some named
Indian Coleoptera, in a bad state of preservation, which had been
received from the Museum of the East India Company in London

.

There was a fine series of the MantidsB collected and named by
Wood-Mason and a few Phasmids. There was also a miscella-

neous collection made by Indian collectors employed by the

Museum in various parts of India.

Cotes (1896) states that in 1884 the number of specimens
in the Museum was less than, 20,000. The next decade saw
rapid growth and by 1894 this collection was four-times richer

in specimens. At the same time it had been sorted and classified.

Cotes left in 1896.

Lionel de Niceville, who had been collecting butterflies

for years, was appointed to the newly created post of Entomolo-
gist to Government of India in 1901, and put in charge of tlui

section of Entomology at the Museum. Unfortunately he died
in December 1901, and after his death the post of Entomologist
to Government of India was transferred from the Museum to

the Agricultural Department. All Entomological work at the
Museum remained practically in abeyance until 1909 when a
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new post of Assistant Superintendent in Entomology was created

and F. H. Gravely appointed. He did valuable taxonomic work
on certain families of the Coleoptera. Gravely was transferred

to Madras in 1920. The post remained vacant up to 1923,

when B. N. Chopra was appointed and on his transfer to another
Section of the Museum, H. S. Pruthi took over charge of the

Section of Entomology in 1925 and held it till 1934. He contri-

buted to the taxonomic studies of the Jassidas. Pruthi was
appointed Imperial Entomologist to the Government of India,

and his place at the Museum taken by Hafiz. Sharif, who held

a temporary appointment in the Zoological Survey produced
valuable work on fleas. The section has always remained a

small one with just one Assistant Superintendent and a few
Assistants.

From its very inception the Indian Museum, Calcutta

has been a (tentre of systematic work on insects, and has today
a collection of insects containing over 17,000 named species.

This collection has been built up with the help of the Indian

Museum staff, and ciollectors working in several parts of India,

as well as by purchase of private collections and donations

from amateurs. Among sucli amateurs was Lord Carmichael
(Ex-Governor of Bengal) who donated a huge collection to the

Indian Museum. Many of the staff of the Museum and of the

Zoological Survey (established in July, 1916) were interested in

entomology and have added to our knowledge of taxonomy.
The co-operation of entomologists in different parts of the

world for working the Indian Museum collections had been
obtained very early, and European and American entomologists

have been closely associated all along with the development of

taxonomic entomology in this country.

The Records and Memoirs of the Indian Museum contain

much valuable material on insect taxonomy.

The Bombay Natural History Society,

The Bombay Natural History Society was founded in 1883.

The members of this Society have done, from the very beginning,
valuable work in entomology, particularly taxonomic entomo-
logy. The Society started the publication of a Journal in

January, 1886. Much entomological literature has appeared
in this periodical.

The Society commemorated its Golden Jubilee in 1933,

and printed a very interesting and illuminating account of the

entomological work done in India by its members.
Of the various groups of insects, butterflies have been most

extensively collected and studied. Of the earliest writers and
collectors of butterflies are Wood-Mason (1875-1881), CJol.

Swinhoe (1884), Moore (1884), and Watson (1890). Lionel de
Niceville (1881-1902) and Marshall are the founders of systematic
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work on Butterflies in India. Lionel de Niceville’e three volumes

on Butterflies had appeared between 1882-1890, the 4th volume

in manuscript was purchased by the Indian Museum and placed

at the disposal of Bingham who was preparing the Fauna volumes

on Rhopalocera.

Bell (1896-1910) studied the life-histories of Indian Butter-

flies.

Ofthe other workers who have contributed to our knowledge
of the Indian Butterflies Doherty (1889-1891), Mackinon (1896),

Mrs. Robson (1895), Leslie (1903), Young (1904), Rhe Philipe

(1906-1917), Andrewes (1909-1911), Betham (1909), Hannyngton
(1911), Tytler (1916), Allen (1919), Ollenbach (1919), Yates

(1930), Peile (1937), and Puri (1930) have done good work.

Sir George Hampson’s (1888-1910) name is familiar to all

students of Indian Heterocera as the author of the four volumes •

on Moths in the Fauna of British India. Dudgeon (1895-1906)

has also described many Indian Moths. Fellows-Mansion has

done good work on Sphingidae, while Prout (1928) has published

much on Geometrides.

Meyrick’s (1908-1913) work on Microlepidoptera is of out-

standing merit. Fletcher’s studies on the life-histories of Indian

Microlepidoptera are valuable additions to our knowledge of the

group.

Of the early writers on Indian (k)leoptora the name of

Baly (1886) stands out prominently. Little work on Indian

Ooleoptera apjjears to have been done up to 1910, when Maulik
published his admirable work on ChrysomelidsB. Gravely

(1913-1923) has done good work on Tenebrionidse and Passalidse.

Gardner has done pioneer work on the systematics of the larves

of Coleoptora. The list of present day workers on Indian
(k)leoptera include such familiar names as Arrow, Andrewes,
Blair, Marshall and Ochs.

The first worker on Itidiaii Hymenoptora is Wood-Mason
(1876-1881). He was followed by Forel (1886-1902) who has
done excellent work on Indian FormicidiB. The best work on
Hymenoptera, however, is by Bingham (1888-1908) whose
collections form the basis of his Fauna volumes on the Order.

Nurse (1903-1914) who collected in Baluchistan and Simla
also mjwie valuable contributions to this order. Lately he
presented his collections of 10,000 Hymenoptera to the British

Museum.
Other workers on the group are Cameron, Turner, Kingston,

Mani, Wroughton, Rama Krishna Ayyar and Uani. Mukerji,
Negi, Misra and Gupta have studied the ants and the three latter

in relation to the lac insect.

Giles in 1900 contributed a paper on Mosquitoes and Malaria
to the Journal of the Bombay Natural History Society. This
was followed by descriptions of some new species of mosquitoes
by Cogill. It was, however, Theobald who wrote regularly
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on Indian Culicidae between 1906-1910. Recently Barraud
and Christophers have written Fauna volumes on Indian Culi-

cidse. Other workers who have contributed to our knowledge
of Malaria and Mosquito are Liston, Bentley and Covell. Russell

has published a series of useful papers on Parasitic Diptera.

Sinton has worked on the sandflies and Mitra on Culicoides.

Brunetti (1907) wrote a number of papers on Diptera and
published the Fauna volumes on the group. Important contri-

butions to our knowledge of Diptera have also been made by
Keiffer (1909), Bezzi (1913), Cross (1926), Edward (1932), Isaac,

Bhatia and Puri.

Aitken (1884-1889) and Kirkaldy and Kershaw (1909) are

the earliest writers on Indian Rhynchota. They were followed

by Distant who wrote the Fauna volumes on Hemiptera. Green

(1899) studied Coccidse—a group of great economic importance
and his * Coccidai of Ceylon ’ contains material of much value

to Indian students. Karagode, Rama Krishna Ayyar, and
Mahdi Hassan have also made valuable contributions to this

family. Pruthi has studied Jassidee. Das (1915) worked on
the Aphididse of Lahore, while Krishna Murti is studying
the Aphididse of Mysore. Crawford (1912) has done work on
Psyllidae and Masked, Peal, and Lamba on Aleurodidse.

Liston (1904) studied fleas in relation to plague. Gragg
and Sharif have made systematic study of Siphonaptera.

Laidlaw (1911) started the study of Odonata and Fraser
made an intensive study of Indian Dragonflies, his three Fauna
volumes providing a splendid study of the order.

Wasman wrote on the Termites in 1889. Assmuth took
up this work but did not complete it. His collection was later

described by Holmgren. Later on Fletcher also made contri-

butions to this very important group. Dr, Anandale also

interested himself in Termite Mounds.
Wood-Mason (1875-1881) laid the foundation of the study

of the order Orthoptera by his work on Phasmidce and Mantidee.

Cotes studied the locust, Acridium peregrinum in 1899. Of
recent workers on the order names of Giglio Tos (1914), Chopard
(1911) and Uvarov deserve special mention.

Bagnall (1912) and Rama Krishna Ayyar have studied

Thysanoptera..

Our knowledge ofDermaptera we owe to Burr, ofTrichoptera
to Dover and Uartynow, of Neuroptera to Needham, of

Thysanura to Silvestri and of Collembola to Carpenter.

Number of species of insects known from India,

Blanford in 1881 put down the number of species of insects

known from this country at 12,100 ;
Lefroy (1909) attempted

a sinlilar census 28 years later and raised the figure to 29,700

;

in 1917 Fletcher put it at 36,000. On the basis ofthe information

14
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contained in the
*
Lists of publications on Indian Entomology ’

(1920-1934), it is estimated that over 5,000 new species have

been described since 1917. It will, therefore, be safe to estimate

that by now the species of Indian insects known number 40,000. ^

As to the number of insect species actually existing in India

there has been a gradual rise in estimates. Cotes estimated

twenty thousand to be a moderate computation, Fletcher (1919)

raised this figure to 70,000. Sharp (1919) stated
—

‘ that no
more than one-fourth of the insects existing in India are

represented in any collection or even in all the collections if

they could be united and brought together in one ’.

The number of the existing species of the insects of the

world has been variously estimated at 2*5 millions to 10 millions

and the latter figure is certainly nearer the truth. India’s share

of the variety of insect forms cannot be less than 25 per ^nt *

of the world’s and that will bring the figure to 2*5 millions.

On this basis, of the insects of our country we know only one for

every sixty we know not. If the estimates of Blanford, Lefroy

and Fletcher were correct then during 1881-1917 additions

to the number of the species described were being made at the

rate of 640 per annum, while during the last twenty years it has
been about 250 per year.

Our Insect Collections.

Although we may claim that insect collecting in this country

has gone on continuously for over a century and a quarter,

yet the condition of our collections is unfortimately distressing.

Our main general collections are at the Imperial Agricultural

Research Institute, New Delhi, the Indian Museum, Calcutta,

and the Forest Research Institute, Dehra Dun. There are also

the collections of the Bombay Natural History Society and
those of the various Medical Institutes, provincial Agricultural

Colleges, some provincial Museums, local societies and some
of the Universities.

Through the courtesy of the officers in-charge, I have
obtained fibres regarding the present condition of the three of
the fibrst named collections (see statement below). From the
information available it is estimated that the number of known
species in all the collections in India does not exceed 25,000.
This number is 10,000 short of Fletcher’s estimate of 1917 and
15,000 short of the computation now made.

Taking a few specific instances we find the position very
disappointing. Distant (1902-1918) described 4,006 species of
the Bhynchota (he did not deal with the PsyllidsB, Aphididse,

Aleurodiadss and Cocoidse), but in all the main collections in

India we have not more than 1,600 species represented. Thus,
of the Rh3mchota of our own country, all our collections put
together, do not contain more than 33 per cent, of the species
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Approximate number of species of Insects in different coUections in India,

Imper. Agri.

Res. Inst.,

New Delhi.

Ind. Museum,
Calcutta.

Forest Res.
Inst., Dehra

Dun.

Kstimated
number in all

collections in

India.

Hymenoptera 1,000 1,397 600 1,450
Diptera 2,500 3,236 400 3,500
Lepidoptera 8,000 6,068 3,300 8,760
Triohoptera 140

Goleoptera 5,000 3,617 7,000 7,600
Rhynchota 1,500 1,576 1,000 1,600
Neuroptera (Sensu-

antiquo) 162 250 260
Orthoptera (Sensu-

antique) 1,600 1,193 300 1,700

Total .

.

24,760

Types of Indian Insects,

FAUNA OF
BRITISH INDIA.

1. Goleoptera.

(i) ChrvaomelidBB
(Maulik)

1919, 1926, 1936

(3 volumes) .

.

(ii) Lamellioomia
(Arrow)

1910, 1917, 1931

(3 volumes) .

.

(iii) Carabidfls

(Andrews)
1929, 1935 (2

volumes)
2. Hymenoptera

(Binghfiun)

1897, 1913, Vote.

I, m.
3. Odonata,

(Fraser)

1933, 1934, 1936

(3 volumes) .

.

No.

of

spp.

described.

T5^s in

India.

Types out-

side India.

Types

unaccounted

for.

Indian

Mu-

seum.

Pusa

Collec-

tion.

British

Mu-

seum.

Other

foreign

museums.

Remarks.

1,167 24 1 676 364 Ill

1,041 9 -• 446 477 109

494 17 •• 177 283 17

1,406 17 19 139 254 976

636 37 1 117 292 81 For. Res. Inst,

D. Dun, 3.

Darjeeling, 5.
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which were known from India by 1918. Let us take another

instance. Fraser (1933-1936) deals with 536 species of the order

Odonata in his three volumes of the Fauna of British India,

and we have no more than 260 species represented in all the

collections of our country, and of the types we have but 46.

It is only comparatively recently that work on Odonata
was started. Of the ChrysomelidsB, Lamellicomia and Cara-

bidsB, 2,692 species have b^n described in eight volumes of the

Fauna of British India (1910-1936) and of these we have only

51 types in India. Of 1,982 species ofthe Hymenoptera included

by Bingham, in his two volumes of the Fauna (1897-1913) we
have only 36 types in our collections. (See statement above.

)

For comparison let us study the figures for North America
(Hinds, 1934). In 1932, the number of insect specimens at thf

National Museum of Washington was 4 million and there were

170,000 named species and 50,000 types. The Canadian
Museum at Ottawa had 800,000 specimens, including 30,000

named species and 4,000 t3pes.

The slow pace at which taxonomic work has gone on in

India may be judged from the following specific instance. The
AleurodidfiB are of considerable importance as pests of crops

and fruit trees. Maskell, the first to study Indian Aleurodidse,

described 5 new species in 1895. Peal, 8 years later (1903)

added 7 more species from India. About that time rapid

progress was being made in America and Quaintance had, by
1909, listed some 160 species, and since then many more have
been added. In India it was not till 1931 that Lamba made
a study of this family and recorded 44 species (not including

17 already described) of which 25 were new to science. Lamba's
work was based on the material collected mainly from the Pusa
Estate—an area of a few square miles. An investigation carried

out over the entire country will show that perhaps ten times

as many more species still remain undescribed as have been

described so far.

Of course there are some groups which have received greater

attention than others. Mosquitoes for instance, because of

their medical importance, have been collected and studied very

intensively. Till about 1890 only four species of mosquitoes

were known from India, but by 1917 over 200 species had been
described (Fletcher, 1917), and within less than 20 years

Christophers (1933), and Barraud (1934) described 315 species

of Culicidfls in the Fauna of British India. Again, while in 1889
Cotes and Swinhoe catalogued 225 species ofthe Microlepidoptera,
by 1917, i.e. within less than thirty years, well over 2,000 species

had been described from India (Fletcher, 1917). These instances

show what amount of work remains to be done in every group of
the class Insecta.
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PUBUOATIONS ON SYSTEMATIC ENTOMOLOGY.

The Fauna of British India.

Hampson’s four volumes of the Fauna of British India
on Heterocera (1892-1896), followed by a volume on wasps
and bees (1897) by Bingham appeared during the last decade
ofthe 19th century. The remaining 38 volumes, so far published,

came out during the twentieth century, and as many as eleven
volumes during the last seven years. Some of the early volumes
are already out of date. A large number of orders has not yet
been touched at all.

India owes a deep debt of gratitude to those British ento-

mologists who have contributed towards this valuable record

of Indian Insects. Lately, it is gratifying to note, some Indian
entomologists have come forward to take their share in this

national work. Maulik’s volumes on Chrysomelid beetles have
maintained the high standard of the series, and we are glad to

see it announced that Sharif has been selected for the task of

preparing volumes on fleas, lice and ticks. Let us hope that more
and more of this work will be entrusted to indigenous talent,

and more and more of our young entomologists will qualify to

take such work in hand.

Catalogues of Indian Insects.

An insect catalogue is the dictionary of an entomologist

and also his directory. At present in most cases we do not
know what we possess and where it is ? Without catalogues

no taxonomic work is possible. Cotes when attempting to

arrange the collection of moths in the Indian Museum felt the

need of a catalogue. He commenced this laborious task and
Col. Charles Swinhoe, who had amassed through his long

service in many parts of India, one of the largest of amateur
collections of Indian moths in existence, came to his help. After

three years of hard labour the catalogue of moths was completed,

and the Museum specimens arranged. Similarly, the work of

arranging at the Indian Museum collections of different groups
was taken up side by side with the work of cataloguing. Cata-

logue of Rhynchota by Aitkinson is one of the earliest attempts.

Catalogues, check lists, and similar other publications

have appeared from time to time in the publications of the

Asiatic Society of Bengal, the Indian Museum and the Zoological

Survey, the Journal of the Bombay Natural History Society,

the Indian Journal of Medical Research and various publications

of the Imperial Department of Agriculture, and other periodicals

but the credit of making a most organized attempt to publish

a series of the Catalogues of Indian Insects goes to Fletcher. He
placed this matter before the 3rd*Meeting ofthe Entomologists in

1919, and his proposal received unanimous support. Government
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sanctioned expenditure on these publications and the entomo-
logists came forward to help. The first part of the Catalogue

of Indian Insects was published in 1921. So far 23 parts have
appeared and a few more parts are ready for publication. Of
these Fletcher himselfwas responsible for 6 parts. However, up to

date, not more than 25 families have been dealt with, the total

number of families recognized by Fletcher (1926) being 496.

This just shows how far we have lagged behind in this work,
and what tremendous concerted and co-operative efforts we
must make in this direction.

In the past much valuable taxonomic work has been done
by amateurs, staff of the Indian Museum (now Zoological Survey
of India), medical entomologists and the entomologists in the

Agriculture and Forest Departments.
*

Pure Entomology—other aspects.

Exceedingly little work has been done in India on other

aspects of pure entomology in general. It is only recently that

the teachers at the Universities and their post-graduate students

have selected entomological subjects for research. Mukerji
and his pupils from Calcutta, George and his pupils from Bombay,
Misra and his students from Benares, students of the Zoology
Schools of Lahore, Lucknow and Aligarh have made valuable

contributions. Vishva Nath from Lahore, Asana from Gujarat
(Sind) and Bhattacharya from Allahabad have selected insects

for their cytological work.

Applied Entomology.

Agricultural Entomology.

Indian Museum, Calcutta,

, The first Institution that undertook applied work side by
side with taxonomic work, was the Indian Museum, and till

the close of the 19th century the Museum continued to be the
centre of all research and information on Indian insect pests.

Wood-Mason (1884-86) carried out investigations on the Tea bug
and Tea mite of Assam on Paraponyx oryzalis—a pest of rice in
Burma. He answered enquiries about noxious insects and their

control, addressed to him from all over the country. In 1888
Cotes undertook investigation on the wheat and rice weevils
of India, and soon after the Trustees of the Indian Museum
ofiBcially took upon themselves the responsibility of investigations
on crop pests of India as a part of the work of the entomological
section of the Museum. Circular letters inviting co-operation
of officials and others resulted in the accumulation of a large
quantity of material and information, particularly from the
jftnvincial Departments of Land Records and Agriculture.
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Cotes published the results of his investigations on applied

entomology in the first three volumes (1884-1896) of the Indian
Museum Notes—a publication specially started for the purpose.

Cotes left the Museum in 1896 and the subsequent two volumes
(1900, 1903) of the Indian Museum notes were compiled by
Barlow (who died in 1900) and Peal.

Rapid increase in Entomological work and demand for a
proper study of crop pests necessitated the creation of the post

of Entomologist to Government of India. In January, 1901,

as has been stated above, Lionel de Niceville was appointed to

this post with headquarters at the Indian Museum. He was
required to make observations on the crop pests in the field

and in actual areas of their occurrence. He visited Darjeeling

to study the Mosquito Blight of Tea, contracted fever and died

of it in December, 1901. E. P. Stebbing officiated as Superin-

tendent of the Indian Museum for sometime during 1903 and
he published Part I of the sixth volume of the Indian Museum
Notes. This was the last publication on Economic Entomology
from the Indian Museum.

Imperial Agricultural Research Institvie, Pusa.

H. Maxwell Lefroy succeeded de Niceville as Entomologist
to Government of India in 1903 and was stationed at Surat
for the study of cotton pests. In 1905, when Lord Curzon
reorganized the Department ofAgriculture, a Central Agricultural

Research Institute was started at Pusa and Lefroy transferred

there as Imperial Entomologist to the Government of India.

Lefroy came to India as a young man, * insistent and forceful

full of enthusiasm and energy. He set out to build a collection,

studied the life-histories of insects, and devised control measures
against insect pests. The progress made by him and his co-

workers was indeed phenomenal. Three years after his arrival

in India Lefroy published his most useful book ‘ Indian Insect

Pests ’ (1906), and after another three years his classical work on
Indian Entomology * Indian Insect Life * (1909), [unfortunately

now out of print], covering 786 pages, containing 536 diagrams
and 84 beautiful coloured plates. This book is a monument to the
knowledge, energy and industry of Lefroy and his co-workers

of that period.^ In 1912, Lefroy left India, though fortunately

he was not lost to Indian Entomology. At the Imperial College

of Science and Technology he trained a number of Indian Ento-
mologists and his deep interest in India and her Entomological
problems continued. He visited India again in 1915-16 and
wrote a comprehensive report on Sericulture. Those who have
had the pri^^ege of worldng in his laboratory at the Imperial

1 Misra, Ghosh, Dutt, Naoroji.
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College of Science would remember his contagious enthusium for

entomology. Lefroy was associated in his work by Howlett, a
man of brilliant intellect and charming personality, an original

thinker and an excellent artist. Howlett joined as Second
Imperial Entomologist in 1907 (in 1912 the designation of the

post was altered to that of Imperial Pathological EJntomologist).

Howlett died in August, 1920.

T. Bainbriggs Fletcher joined in April. 1910 as Supernumerary
Entomologist and was transferred to Madras as Entomologist

to Government in April, 1912. He returned to Pusa in December,
1913 as Imperial Entomologist and held that post till 1932.

During his time insect taxonomy received the greatest attention

at Pusa and he built up a splendid library and a valuable

collection particularly of the order Lepidoptera.

C. W. Mason (1912) joined as Supernumerary Entomologist
and during his short term of service he did valuable work on the

birds of Pusa. (Mem. Dept. Agric. India, No. 3.)

Howlett’s place was taken by Isaac in June, 1922 as Second
Entomologist (Dipterist).

Fletcher (1917) submitted to the Indian Industrial Commis-
sion of 1916-18 an elaborate scheme to set up a Central Organiza-

tion for all pure tod applied work including medical, veterinary,

agricultural and forest entomology, in India. This Bureau
was to consist of 20 expert entomologists, 23 Entomological
Assistants with necessary stafP. The non-recjurring expenditure

on building, etc. was estimated at about Rs. 14,00,000 and the
annual recurring expenditure at R8.4,41,900. The Industrial

Commission gave their support to the scheme, but because of the
changes in the organization of the administration of the country,

by which Agriculture, Medicine and Veterinary became trans-

ferred subjects under the Provincial governments, and partly

because of the magnitude of the scheme, it did not receive

consideration from Government.
Fletcher’s place as Imperial Entomologist was taken by

Hem Singh Pruthi in 1934.

During the last 30 years or so several thousands of Indian
insects have been reared in the Insectary of the Imperial Agricul-

tural Research Institute at Pusa and illustrations, mostly
coloured, of their life stages made. Several monographs on
the life-histories of the more important groups—^for example,
Microlepidoptera, Hymenoptera, Coleoptera, Diptera, etc. have
been published. Considerable amount of research work on
several serious pests of Indian crops has been conducted. Boll-

worms of cotton, Borers and Hoppers of sugarcane, pests of
fruits, etc. etc. have been studied. Investigations on Termites,
stored grain pests and insectivorous birds have also been under-
taken. The results of these investigations have appeared as
Memoirs of the Department of Agriculture in India and Bulletins

of Agricultural Research Institute, Pusa.
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Agricultural Entomology in the Provinces,^

It was in 1905 that Mr. Sly in his proposals for the develop-

menW>f Agriculture provided for a qualified Entomologist in

each province. The Secretary of State for India, however,

negatived this proposal. In 1909 there were only 1 3 Entomologi-

cal Assistantsin the provinces, by 1910 this number had increased

to 16—5 for teaching and 11 for field work. It was not till 1912

that a Government Entomologist was appointed in Madras,

the Punjab followed in 1919 and the U.P. in 1922. In these

three provinces Entomological work developed and expanded.

A class II Officer was appointed in Nagpur in 1931 but the section

is yet a one man show. Bombay, Bengal, Bihar, Orissa, Assam,
Sindh, North-West Frontier l^ovinces, and Baluchistan still

continue to have a very small staff of Assistants for pest control.

In Madras the Entomological work was started in 1902-03

with one Upper Subordinate who worked under the Economic
Botanist. This arrangement continued till 1908-09 and by
then the number of Upper Subordinates had increased to three.

In April, 1912 Bainbrigge Fletcher was appointed Government
Entomologist, Madras. Fletcher was transferred to Pusa in

December, 1913 and E. Ballard appointed Government Ento-

mologist in January, 1914. On Ballard’s retirement, Rama
Chandra Rao was appointed Entomologist to Government,
Madras, and held this post till December, 1930, when he took

over as Deputy Locust Research Entomologist in the Locust
Research Scheme of the Imperial Council of Agricultural Re-
search. He was succeeded by Rama Krishna Ayyar, who retired

in July, 1935, This veteran entomologist continues to take

keen interest in entomology. Cherian is now officiating as

Entomologist,
In 1914 Fletcher published his book on ‘ Some South Indian

Insects ’ and brought together all the available information on
South Indian insects and other crop pests, with useful chapters

on applied entomology.
Entomological work was started in the U.P. as early as 1906

with the appointment of one A.ssistant, placed under a Deputy
Director of Agriculture. A regular Entomological Section was
created in 1921 and P. B. Richard appointed Entomologist to

Government. The main problem of the Entomological Section

has been the control of Pink Bollworm, For this investigation

the Indian (Central Cotton Committee gave, during the years

1922 to 1934, a grant of Rs. 1,46,731.

The Entomological Section in the Punjab came into exis-

tence in 1905, and was placed under the Government Economic
Botanist, Lyallpur. An Assistant Professor of Entomology was

^ Based on the information kindly supplied by workers in the
provinces.
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appointed in 1908 but it was in 1913 that the Section became
independent under Madan Mohan Lai. Till 1919 the staff

consisted of one Assistant Professor of Entomology and three

Agricultural Assistants. In September, 1919 M. Mzal Husain
was appointed Entomologist to Government, Punjab. Since

1919 the Entomological Section has grown steadily and at present

the staff consists of the Government Entomologist, one Assistant

Entomologist, two Assistant Professors, two Besearch officers

(one on Cotton Research Scheme financed by the Indian Central

Cotton Committee) and 34 Research Assistants.

Perhaps Baluchistan was the first province where applied

entomology received attention. James Cleghorn in 1890 contri-

buted an interesting article on the melon fruit fly of Baluchistan

—Carpomyia pardalina Bigot. The Government of Baluchistan

invited Stebbing to study the borers affecting the shade and fruit

trees in Quetta. In 1914 the Imperial Department of Agriculture

established a Fruit Experimental Station at Quetta. However,
it was not till 1932 that the Agricultural Department was organ-

ized in Baluchistan and a small Entomological staff sanctioned.

Entomological work in Indian States.

Of the Indian States, Mysore was the flrst to employ an
Entomologist. In fact Coleman was appointed Entomologist
and Mycologist in 1908 before Entomologists had been appointed

in any of the provinces of British India. When Coleman was
appointed Director of Agriculture, K. Kunhi Kannan, who had
been associated with Coleman in his work, was appointed Ento-
mologist and was given a staff of three Assistants. The
Entomological Section of Mysore continues to maintain its

tradition of useful work.
Kashmir, well known for its apples and pears, is the best

locality in India for hilly fruits. Till as late as 1913 no attention

was paid to insect pests of Agricultural and Horticultural import-
ance. During this year. Ram Gopal, the then Director of Agricul-

ture and Horticulture, discovered San Jose* Scale playing havoc
with fruit. By 1921 this pest and the Woolly Aphis had been
definitely identified. In 1923 the State obtained the services of
Fletcher who studied the San Jose’ Scale. It was in 1930 that
a small Entomological Section was inaugurated.

Lately investigations have been started in Hyderabad-
Deccan on the Pink Bollworm of Cotton, financed by the Indian
Central Cotton Committee.

Work dons in the Provinces and States.

Although some systematic work on Curculionidse, Coccinel-
lidas, Parasitic Hymenoptera, Thysanoptera, Syrphida, and
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Ooccidsd has been done in Madras, the Provinces and the States

have been mainly devoting their attention to the study of insect

pests. Oi the insect pests the following have received special

attention :

—

Hieroglyphua banian Fb., Colemania sphenaroidea

Boliv., Hiapa armigera Oliv. Pempherea affinia Fet., Aulacophora
ahdominalia F., Trogoderma khapra Arr., Calandra oryzcB,

Linn
;
Schcenobitia bipunctifer Wlk ; Spodoptera mauritia Basl,

PhothorimcB opercullelay Zell, Eariaa spp., Platyedragoaa ypiella,

Saund., Scirphophaga nivella Fb. Argyria aticticraapia, Hampsn.
Pachydiploaia oryzcB ; Chmtodacua zenatus F., Carpomyia veauviana.

Bigot., Termites ; Leptocoriaa varicornia. F., PyriUa spp., Idio-

ccrua spp. Diaphorina citri Kuw., Aleurodidce ; Erioaoma lanigerum
Haus. and other Aphididae, Aapidodiotm pernicioaua Comst.
and other Coccidas ;

and Thripa tabacciy Lind. In addition,

these Provinces and States have also been organizing control

measures against pests. Recently the Punjab has started

(with a special staff of three Assistants, the strength to be
increased to 6 next year) a Plant Protection Service for under-

taking large scale control operations, thus separating the Research
and the Field staff.

The Biological control of insects has also been receiving

attention. While the Punjab and Madras have studied the

parasites of ^ephantia aerinopa and Eariaa spp. respectively,

Mysore has been carrying out mass production of Trichogramma,
The Punjab has also done considerable amount of work

on the feeding habits of birds.

Further, such useful industries as sericulture, lac culture

and apiculture have been receiving their due share of attention

from the Imperial Institute of Agricultural Research, Provincial

and State Entomologists. In all cases efforts have been and
are being made to encourage these cottage industirtes.

Indian Central Cotton Committee and Entomological Reaearch,

The Indian Central Cotton Committee was established in

1921 and since then many research schemes dealing with insect

pests of cotton have been financed by this body. Particular

mention may be made of the Pink Bollworm investigations

in the Punjab and the United Provinces, the Spotted Bollworm
investigations in Surat and the Punjab, the White-fly investi-

gations in the Punjab, the Pempherea investigations in Madras
and the Jassid investigations in the Punjab. The Indian

Central Cotton Committee has so far spent over Rs. 10,30,000

on Entomological Research and control of cotton pests.

In the training of Indian Entomologists the Indian Central

Cotton Committee has played a very important part. Since 1922,

11 post-graduate scholars have received training in India and
abroad at an approximate cost of Rs.50,000 to the Committee.
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Imperial Council of Agricultural Besearch and *

Entomological Besearch,

The Imperial Council of Agricultural Research was set up
in 1929, to initiate and co-ordinate Agricultural R/esearch on an
all-India basis. It has financed various schemes of Agricultural

interest costing over 85 lakhs of rupees, of which the entomo-

logical schemes had a share of R8.7,60,450.

The very first problem which the Council took up was that

of the Desert Locust—an ancient scourge of many lands. The
Locust Besearch Scheme was started in 1930. M. Afzal Husain
was in charge of the scheme as Locust Research Entomologist for

1930-1933, and was succeeded by Rama Chandra Bao in April,

1933. A portion of the staff worked on the life-history and
bionomics of the Desert Locust at Lyallpur and the rest formed
survey parties to determine the breeding grounds of the pest in

Baluchistan, Sind and Rajputana, with headquarters at Quetta.

In 1933 the scheme was divided into two parts. The head-

quarters of the survey portion were shifted to Karachi while

the bionomics and phase problems were continued to be studied

at Lyallpur. The Council has already spent about 5 lakhs

of rupees on this scheme and as Sir John Russell has remarked,

the results achieved are of outstanding value. A number of

papers have been published. As a result of this investigation

much valuable knowledge has been gained and it is certain that

locust cannct be upon us without a warning, and besides, with
the knowledge we possess today, warfare against this pest

will be brought to a successful termination, speedily and economi-
cally.

The other important investigation under the aegis of the

Imperial Council is that on the Sugarcane pests. A sum of
96 thousand rupees has been allotted for this work which is

being conducted by Issac at New Delhi, with sub-stations at

Karnal, Pusa and Coimbatore. Parasites of these pests are

being collected with a view to investigate the possibilities of
biological control.

The 8an Jose’ Scale, an introduced pest, has spread in the
submontaneous tracts of the Punjab and N.W.F.P. and has
established itself in Kashmir and other fruit growing localities.

The Council have initiated, under Khan A. Rahman, a survey
to ascertain the distribution and incidence of San Jose’ Scale
and other fruit pests. A survey of Codling-moth in Baluchistan
has just been concluded by the Imperial Entomologist (Hem
Singh Pruthi). A scheme to determine insecticidal value of
plant fish-poisons was sanctioned in 1935 at a cost of Rs.15,288
at Bangalore. A scheme for the investigation of Pachydiplosis
oryzce has been financed, at Nagpur.

In addition to these exclusively entomological investigations,

insect-life is being studied in several of the other schemes run by
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the Imperial Council. The Fruit Research scheme at Chaubattia

(U.P.) has an entomologist making a tree to tree survey to deter-

mine the incidence of pests and to correlate this with soil

conditions. Entomological workers are associated with sugarcane

investigations in various provinces.

Indian Tea Aaaociation}

Tea has always suffered from ravages of various insect

pests to which Mann drew attention in 1903. It was not,

however, until 1905 that an Entomological Laboratory was
established at Kannykorrie (Assam) in charge of C. B. Antram.
In 1911 Antram resigned and E. A. Andrewes succeeded him.

Entomological work was transferred to Tocklai in 1913. Life-

history of important pests of tea and their control measures
have received attention. Andrewes made a very exhaustive

study of Helopeltia theivora— ‘ Tea Mosquito ’. On account

of financial world-depression the Entomological staff was reduced

and Andrewes resigned his appointment in 1932. Similarly

the United Planters Association of Southern India, in their

Tea Scientific Department which was organized about 12 years

back, undertook work on insect pests. It was about 1932 that

they appointed an Entomologist. Besides H, Theivora the

following pests of tea have received attention :—^red spider

Tetranychua hioculatus, Limacodid grubs, which have come into

prominence lately, Hormim coffeariaf Xyleborus fornicabis,

termites, Toxoptera amantii and a few others.

Lac Aaaociation.

Researches on lac were conducted at Pusa by C. S. Misra, and
at Dehra Dun by A. D. Imms and N. C. Chatterjee

; and
A. B. Misra shared his father’s enthusiasm and also did valuable
researches on the lac insect.

The Government of India appointed a Commission in 1921
to report on the condition of lac cultivation and as a result

of their recommendation established in 1925 the Indian Lac
Research Institute at Ranchi with (Mrs.) Dorothy Norris as the

first Director. On her retirement Sen was appointed Director.

The Institution is engaged in finding out the improved
methods of cultivation as well as industrial uses oflac and shellac.

Predators and parasites of the lac insect are also receiving atten-

tion. Glover, Gupta, Misra and Negi have done valuable work.
Work has also been done in some other parts of India.

1 Information kindly supplied by Carpenter and Anand Kao (Entom-
ologist).
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Forest Entomology.^

Simultaneously with the development of Agricultural

Entomology, the insects attacking forest trees were receiving

attention, and there are numerous references to forest insects

in the Indian Museum Notes. In 1898 E. P. Stebbing published

a booklet on Forest Insects. He was appointed Imperial Forest

Entomologist in 1900, and when the Imperial Forest Research
Institute was established at Dehra Dun in 1906, Stebbing was
appointed Forest Zoologist. He was able to make an extensive

survey of Forest Insects, chiefly of the Insect Fauna of Shorea

robusta and the conifers. In 1909 he left India. In 1914
appeared his excellent book on ‘ Indian Forest Insects *.

Imms was appointed Forest Zoologist in 1911 and, within

his short term of office of 16 months, he did valuable reseaj*ch

work and laid the foundation of an authentically identified

insect collection, a good library, and an adequate laboratory

equipment, the three essential requirements for research. C. F. C.

Beeson was appointed Forest Zoologist in 1913 (the designation

of this post was later changed to Forest Entomologist). During
Beeson’s term forest entomology made good progress, and a
systematist was added to the staff. M. Cameron was appointed
Systematic Entomologist in 1920 and was succeeded in 1923
by J. C, M. Gardner. Many insect pests of Forest trees have
been studied and control measures devised. Ecological stand-

point has received particular attention. Hoplocerambyx spinu
cornis Newm. the heartwood borer of Shorea robusta has been
controlled by an ingenious device of trap-trees felled at the time
of the flight period of the beetles. Biological control of defolia-

tors of teak, ‘ Shisham ’ (Dalbergia sissoo), and mulberry has been
taken up as a special line of investigation. An intensive survey
of the fauna of sandal tree was undertaken in connection with
the Spike disease (Beeson, Chatterjee and others).

Considerable advances have been made in systematic
entomology, and a reference collection of 15,657 species has been
built up, and further additions are being made every year,
Gardner has paid particular attention to the classification of the
coleopterous larvae, and similar work on the lepidopterous
larvae is in progress. The results of these investigations have
appeared in the Indian Forest Becords, of which a separate
Entomological series has been started lately.

Medical Entomology.

Medical Entomology provides the most dramatic and
glorious chapter in the history of applied entomology. It is

only forty years ago that insects were first incriminated as agents

^ Based on the infonnation kindly supplied by Gardner.
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in disseminating human and animal diseases and since then
discovery has followed discovery in rapid succession, and the

results of these discoveries have been of utmost importance
to humanity.

India has made valuable contributions. Bonald Boss,

in 1898 discovered the developmental stages of the bird-malaria

in the gut of a culicine mosquito, and announced to the world
his discovery that certain ‘ dapple-winged mosquitoes ’ were the
carriers of malaria. Immediately a Commission to investigate

the malaria problem was appointed. Daniel, one of the members
of this Commission, arrived in India in December, 1898 to sub-

stantiate the findings of Boss. By 1900 the Anopheline mosqui-
toes as vectors ofhuman malaria had been conclusively implicated

and had already attracted the attention of Austin, Giles, James
and Liston. Giles advocated the desirability of a thorough
investigation on the Indian Culicidee and invited workers to send
him specimens.

Partly through the discoveries of Boss, and the group of

eminent workers that followed him, and partly because of the

importance of malaria to India, the largest amount of ento-

mological work has been done on mosquitoes. Theobald had
obtained, in 1900, collections of biting insects of India and
described the mosquitoes in his ‘ Culicidee of the World *, the

first volume of which was published in 1901. Stephens and
Christophers, member of the Malaria Commission arrived in

1901 and started their Entomological investigations. In 1904

James and Liston wrote their classical work giving descriptions

of the species of Anopheles. In 1905 Christophers wrote a
Memoir on the Importance of Larval Characters in the Classi-

fication of Mosquitoes. The Imperial Malaria Conference, at

its first meeting, held in 1909 recommended the creation of a
Central Scientific Committee to carry out routine work on the

distribution and bionomics of the different species of Avopheles,

In 1910 the Central Malaria Bureau was started and field labora-

tories were added to carry out research work on mosquitoes
and malaria.

At this period (1911) an important step was taken which
greatly helped the development of medical entomology in India,

viz., the Indian Besearch Fund Association was organized to

supervise and finance research enquiries into various human
diseases and also on important entomological subjects closely

connected therewith. Ever since its inception the Indian
Besearch Fund Association has been financing, with the grants

received from the Government of India, enquiries on entomologi*

cal problems connected with the transmission and eradication

of malaria, oriental sore, kala-azar, plague, etc. etc.

In 1913 Patton and Gragg published their comprehensive
Text-book on Medical Entomology and the Indian Besearch
Fund Association started the Indian Journal ofMedical Besearch.
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Prior to this the results of various enquiries were being published

either scientific memoirs or reports of commissions, those directly

connected with malaria appeared in the Paludism, a journal

started for the purpose.

Work on mosquitoes continued and in 1921 a taxonomic

inquiry was started under Barraud, and in 1926 Puri started

investigations on the comparative anatomy of the larvas of

the Indian Anopheline mosquitoes, and made important contribu-

tions. The Boss Field Experimental Station was started at

Karnal to carry out investigations on the bionomics of mosquitoes

and similar work started at Delhi. In Bengal and Assam
Strickland and Iyengar were making valuable contributions

to the problems of the distribution and habits of the different

species of Anopheles,

In 1933 was published Christophers’ volume of the Faiina

of British India on Anophelini, dealing with 43 species and a

year later Barraud’s volume on Megarhinini and Culicini dealing

with 272 species.

Insect carriers of other diseases had not been ignored.

Boss worked in Assam to establish the mode of transmission

of Kala Azar. However, it was not until the opening of the Eling

Institute of Preventive Medicine at Guindy, Madras, that any
entomological work in connection with Kala Azar was taken

in hand. Patton in 1904 started experiments on the transmission

of Kala Azar with lice and bed-bug. From 1924-32 the Kala
Azar Commission, under Christophers and 8hortt, carried out

investigations on the bionomics and anatomy of Phlehotomus

argentipes, a probable vector of Kala Azar and Oriental Sore.

Sinton has made valuable contributions to the taxonomic
studies of the Indian species of the genus Phelebotomus,

In 1933 the Sandfly fever became a problem of sufficient

magnitude for the Military authorities in the North-West
Frontier Province, to ask for the services of an entomologist and
Puri studied the bionomics and control of these insects under
field conditions. Once again, a year or so after the earthquake
at Quetta, there was a severe outbreak of Oriental Sore and the
Indian Besearch Fund Association instituted an enquiry under
Smith to investigate the causes of the increase in the number
of Sandflies and their control.

The close connection of rat with bubonic plague was known
to the Moghals. However, it was not till 1898 that Simond
had succeeded in transmitting plague from a stricken rat to

a healthy one, through the agency of an infected flea. In
1904 Liston working in Bombay confirmed Simond’s observations
and in 1905 the plague Commission was appointed. Taxonomic
work on fleas was done by Jordon and Bothschild in England ;

Bacot carried out researches on the bionomics of these insects

at the Lister Institute
; transmission experiment were under-

taken at Bombay by Liston, Lamb, Kundhart, and Chitre.
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In 1907 Mackie had found that the Asiatic Belapsing fever
was transmitted by the body louse

—

Pediculua, In 1934 Typhus
attracted attention and Mehta is doing useful entomological
work in connection with this disease.

Christopher’s early work on the anatomy and histology

of tick, Patton’s work on Muscidae and Gragg’s on blood sucking
insects, particularly the bed-bug are worth mentioning. In
1914 P. B. Awati, the first * non-medical ’ entomologist to join the
Medical Research Department, started his work on the taxonomy
of the genus Muaca and the bionomics of the house-fly. Mitter
worked on Culicoides and Brimetti (1911) described a number of
new species of Simulium. Puri took up the taxonomic study of
Simulidae.

The credit for rapid and phenomenal progress in medical
entomology and the excellent taxonomic work on insects of
medical importance, goes mainly to medical men, particularly

of the Indian Medical Service, who applied their well trained

and disciplined intellect to the problems of entomology. Of the
non-medical workers, Hewlett, Barraud, Awati, Prashad, Senior-

White, lyanger, Puri and Mehta have produced work of value.

At the School of Tropical Medicine, Calcutta, Strickland

was appointed the first Professor of Medical Entomology in

1922. Excellent courses in entomology are given and valuable

researches conducted, on all aspects of medical entomology,
especially on mosquitoes.

The entomological problems are becoming more and more
complicated, and a pre-requisite for their successful solution

is a broad and thorough entomological training. As Howard
(1925) has pointed out there is need for the study of all insects

of medical importance without an eye for immediate results,

so that we discover all about them and then apply our knowledge
for their control.

Veterinary Entomology.^

While India has made important contributions to Medical
Entomology, exceedingly little work has been done on insects

in relation to domestic animals.
Veterinary Entomology may be said to have taken its

birth in 1893 with the fundamental discovery of Smith and
Kilboum, in America, that the tick Boojphilvs annulatus was the
intermediate host of Babesia bigemina, the causal organism of
the Taxas cattle fever. Two years later Bruce (1895), in Africa,

found that the tsetse fly

—

Olossina morsitanSy was responsible

for the transmission of Trypanosoma brucei, the causal organism
of Nagana. The causal organism of Surra, the foul disease

^ Baaed on information kindly supplied by Sen.

15
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of cattle, horses and camels in India, being a trypanosome

—

T, evansiy the attention of veterinary officers in this country

was focussed on the discovery of its possible vector or vectors.

This was the beginning ofVeterinary Entomology in our country.

With these researches are associated the names of Lingrad

(1896), Gaiger (1911), Baldrey (1911), Cross (1921-22), Kahan
Singh (1925-26) and others.

Lingrad had started collecting material for the study of

Veterinary Entomology, and had obtained the collaboration

of E. E. Austen of the British Museum, London, for the identi-

fication of flies. In 1907 Cecil Warburton published an account

of the ticks ‘ Infesting Domesticated Animals in India \ In the

same year Lefroy published an account of ‘ The Biting Flies

of India ’.

Howlett was appointed to study the order Diptera, including

those that were parasitic on domestic animals. Isaac has

contributed many papers on the Tabanidos. Sen has done
valuable work in veterinary entomology.

Veterinary Entomology has received much help from workers
engaged on insects vectors of human diseases. It is to the
researches of Christophers (1907) and Shortt (1936) that we owe
our knowledge of the transmission of canine piroplasmosis

{Babesis canis by Rhipicephalvs sanguinevs),

Howlett (1919) worked out a scheme for the creation of
a separate organization to deal exclusively with the problems
of Medical and Veterinary Entomology in this country. This
organization was to consist of 10 officers and 46 assistants and
the estimated cost was 4*5 lakhs as non-recurring and 2,80,000
as recurring expenditure. The First Meeting of .the Veterinary
Officers held in Lahore in 1917, considered and accepted the
proposal and passed the following resolution :

—

‘ That the meeting is in favour of the creation of a separate

organization for the study of insect parasites ofmen and animals,
the connection with the Civil Veterinary Department being on
the lines suggested by Mr. Hewlett.'

Nothing happened. The same question came up again
before the Second Meeting of the Veterinary Officers held in

1923, and Bainbrigge Fletcher informed them that Hewlett's
proposals had been dropped, ‘ presumably on account of financial
stringency '. The meeting then passed the following resolution.

^ On account of the great importance of insects in the trans-
mission of animal diseases, as causes of direct injury to live-stock

in India, and the degree of specialization necessary for the
proper appreciation of the various aspects of entomology, the
staff of the Imperial Entomologist should be strengthened to
the degree requisite for rendering assistance to investigators
into the insect problems connected with animal diseases.

Similarly, facilities should be rendered for the establishment
of a staff attached either to the Imperial Entomologist, or to
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the Zoological Survey of India for the study of ticks and mites
concerned with animal diseases.’

There was no immediate response. However, in 1933, the
post of Entomologist was created at the Imperial Veterinary
Institute and S. Sen appointed. We may say that the first

brick has been laid and edifice of Veterinary Entomology has
yet to be erected.

Lately the Imperial Council of Agricultural Kesearch have
sanctioned a scheme for the investigation of Warble fiy.

In so far as the Provinces are concerned the results of the
enquiries made may be summarized briefiy

—
‘ No work under-

taken

Entomology in Education.

Entomology in Schools and Colleges.

Entomology has been the Cinderella of our educational

system, and, so far, this important branch of human knowledge
has been fairly effectively ignored in our schools and in our
colleges. Save a few lessons in vernacular text-books, Indian
boys and girls are taught nothing about insects. Our children do
not rear caterpillars into butterflies as children do in other

countries, nor are they seen with butterfly nets indulging in insect

collection, which is considered by most Indian parents, a
reprehensible manifestation of cruel propensilies-^eviktttia.

Thus from his very childhood an Indian boy learns to look upon
insects as untouchable creatures to be abhorred and soon develops

a marked entophobia. In our high schools the knowledge of
insects acquired by those few—^indeed very few, who take up
hygiene as a subject of examination, is restricted to a few theore-

tical lessons about the disease carriers. In most cases this know-
ledge is confined to sketchy accounts and inaccurate diagrams in

cheap text-books. With actual insects, living or even dead,

the students make no acquaintance and in this they faithfully

follow in the foot-steps of their teachers. Does it not seem
strange that in courses of domestic economy for girls, a study
of household pests should not be considered essential in a country
where death spreading flies and mosquitoes breed freely, where
weevils eat up grain, white ants damage wood and woolly bears

spoil garments ? In the zoology course, at the intermediate

stage the introduction to entomology is confined to an elementary
account of the cockroach and perhaps the life-history of the
mosquito. In our Universities the number of students taking

up zoology is hardly 5 per cent. At the degree stage of zoology

course a study of the mouth parts and the classification of the

groups into orders of Linnaeus is considered sound education.

Some of the Indian Universities are now providing training

at the M.Sc. stage to those rare beings who select Entomology
as a ^ special ’ group. But often the teaching, equipment and
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atmosphere provided for such a training leave much to be
desired.

Kesearch work in Entomology is recognized for the research

degrees, and useful entomological work is being turned out by
some of our Universities, and Insects are very often selected

for cytological investigations. Of the students of zoology

who go abroad for advanced training, a very large proportion

select entomology for their special study. Valuable though
a training in research is, it cannot take the place of fundamental
training in entomology, which has become so vast as to merit a
special treatment, and an independent status of a ‘ full subject

Entomological Education in Agricultural Colleges.

Till 1919 the position of Entomology even in the Agricultural

Colleges of this pre-eminently Agricultural country was so

unsatisfactory that the Third Entonaological Meeting held in

February 1919 discussed the question and made the following

recommendation :

—

‘ Considering the great economic importance of insect

pests to Indian Agriculture we recommend that all Agricultural

Colleges should make provision for the teaching of Ento-
mology ’.

Our Agricultural Institutions had been fashioned after

the pre-war British pattern and it is not surprising that in 1919
the atmosphere was so adverse to Entomology that even the

devotees of this science had not the courage to take a bold stand,

and diluted their above recommendation by a rider. They
stated: ‘the aim of teaching Entomology in Provincial Agri-

cultural Colleges should be to give the students a sufficient

knowledge of entomology to be able (1) to recognise the common
pests and to know something of their life-history and the control

measures applicable to each, and (2) to be in a position to report

intelligently regarding the occurrence of any unusual pests

Such a training could not possibly be termed anything but
‘ First aids in Agricultural Entomology The explanation
for this attitude was that in the Agricultural Colleges the aim
was to train farmers and fruit growers and not entomologists.

It was evidently no concern of the entomologists as to how and
where the entomological workers were to be trained ? Perhaps
at that time the dominating idea was that an entomologist was
born and not made. In his scheme of organisation of Entomo-
logical Besearch, Fletcher had not included entomological

teaching at the Central Institute, and had consigned training

in entomology in the Provincial Agricultural Colleges to the
cares of subordinate entomological workers or to the visiting

lecturers, delivering a few lectures.

Since then, thanks to the efforts of provincial entomologists,

the position has greatly improved. All those Agricultural
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Colleges which prepare students for the degree examinations in

Agriculture give some training in Entomology, but with the
exception of one or two colleges the standard of training is still

very low. Only in a few Agricultural Colleges entomology has
been regarded as of equal merit with botany and chemistry and
is included among the ‘ principal ’ subjects. It is not often

realized that knowledge which is superficial soon peals off and
what does not soak through sufficiently deeply is lost immediately.

The University of the Panjab grants a degree of M.Sc.
(Agric.) in Zoology-Entomology on the combined results of a
written, and a practical examination and research thesis.

The number of men suitably qualified to conduct entomo-
logical investigations falls much short of the demand.

Entomology in Medical and Veterinary Gollegea,

Like our Agricultural Colleges our Medical and Veterinary

Colleges have also been modelled after the pre-war British pattern.

We, however, forget that while insects may not be of much
importance in a cold country such as England, the case of India
is very different. According to Mackie (1925) ‘ the unhealthiness

of the tropics and sub-tropics is not a question of heat and
humidity or such physical states, but is due almost entirely to

the diseases which these conditions foster, so that if we rid India
from the insect borne diseases, we shall go far to bring her

mortality into line with that of temperate countries Insects

are responsible for most of the diseases which appear in epidemic
form in India among human beings and domestic animals, yet

a sound knowledge of the insect-carriers of diseases, is not consi-

dered to be an essential feature in the medical and veterinary

education of our country. It is true that medical entomology
has a place in the curriculum of study in Institutions training

men in Tropical Medicine and Hygiene. But is that enough ?

At present entomology has no place in veterinary education.

IV. IMPORTANCE OF ENTOMOLOGY TO INDIA.

Sir Thomas H. Holland addressing the Royal Society of
Arts (1926) on the ‘ Organization of Scientific Research through-
out the Empire ’, said :

—

‘ Anyone who has lived in a tropical country will be
able to appreciate, as a consequence of painful personal

experience, the importance as well as the magnitude ofmeasures
intended to stamp out noxious pests or to encourage friendly

insects. Among the special branches of sciences of economic
value to an empire with large possession within or near the

tropical belt, I should regard entomology as perhaps first in

importance
’
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Sir Mirza Ismail, Leader of the Indian Delegation at the

Inter-Oovemment Conference on Bural Hygiene, held at

Bandoeng in 1937, thus expressed the condition in our mother-

land :

—

‘ Of the formidable list of diseases with which India is

afflicted, malaria is certainly the one which exerts the most
adverse influence on the health and prosperity of her people.

Although less dramatic in its immediate effects than the

great epidemic diseases, such as, plague, cholera and smaU-
pox, malaria is a relentless scourge which is responsible for

incalculable suffering and economic loss. It has been
estimated that some 100,000,000 people in India suffer yearly

from malaria and that, of these, at least 1,000,000 die from its

direct effects. The debility, poverty and apathy causedby
this disease are factors of magnitude in retarding the national,

social and economic progresss of the country.*

There is evidence to show that malaria was the cause of

the decay of Greek and Roman civilizations and it is not sur-

prising that Anopheles is the greatest obstacle in our progress.

According to Mackie (1926), * The amount of disease,

invalidism and death which occurs every year in India from the
bites of insects is enough to stagger humanity *, He maintains
that the ‘ enormous economic burden from the incidence of
preventable disease which India has to bear is sufficient to

prevent her rising to the position of importance to which her
large population and great resources entitle her *. And, in

India two-thirds of the preventable diseases can be attributed to
insects.

In 1920 Fletcher made an estimate of the loss to India

caused by the insect pests of sugarcane. ‘ Taking the conserva-

tive estimate of 10 per cent, of damage by insect pests (and this

is most certainly not too high a percentage) * he placed the annual
loss at over 330,000 tons of sugar, * roughly an annual
sum of three hundred millions of rupees worth of wealth of the
countiy goes into stomachs of insects instead of into the pockets
(if they have any pockets) of the people *.

According to the Report on the Marketing of Wheat in

India (1937)^ the total wastage caused by wheat weevils is

‘ not less than about 150,000 tons, representing 1*6 per cent, of
the average crop *—and on the basis of the upcountry prices

of 1935-36 the loss has been estimated at about Rs.97 lakhs.

This is but loss to one food grain, viz. wheat, alone. And it is

certainly a very modest estimate, because Dean (1928) states

that ‘ such damage is frequently estimated at 5% and that the
total value of the losses caused by insects injurious to stored
grain and milled products in the United States of America
amounts to two million dollars annually *.
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The loss caused by one insect—^the Ox Warble Fly, to the

hides produced in this country is 1*6 crores of rupees per annum.
According to Fletcher (1921), at a very conservative estimate,

the annual monetary loss from insect pests to domesticated
animals in India exceeds Bs.3*8 crores.

According to Sir Walter Morley Fletcher (1931), at a very
modest estimate, the losses caused to India by insects that
attack crops, timber, and animal products cannot be less than
200 crores of rupees and a loss of over a million and a half of

human lives. (These figures had been officially collected for

the Imperial Entomological Conference.) However staggering

this may be, it cannot be considered an overestimate. Hinds
(1934) estimates an annual loss to North America from insect

damage at $ 2,600,000,000, and according to Kavalev (1930) in

the United States of Soviet Russia ‘ the enormous damage
inflicted by pests upon the agricultiure of the Union is estimated

at over 2,000 million roubles every year

According to Hinds (1934) loss from insects has increased

during the last 60 years and is likely to increase in the future.

Every day that passes the insect problem is becoming more and
more serious. It is because every step in the progress of civiliza-

tion is favourable for our insect foes. The methods we employ
to produce food in ever increasing quantities, to store it more and
more, to produce varieties which are superior and give higher

yield but are not resistent to pests, and our modes of life help

insects to multiply. Facilities of transport such as motor cars,

railways, aeroplanes help in insect spread.

It has been said that ‘insects have been responsible for

more destruction of property and loss of life than caused by all

wars, floods, earthquakes, hires and famines in human history

(Hinds, 1934). A bold statement but true. On the other side

we have products of insect activity which are source of wealth.

India holds monopoly of lac, and silk and honey are of equally

great importance.
There cannot be any doubt whatsoever that among sciences

of economic value in India, entomology must take the very
flrst place in importance

;
mifortunately it occupies at present

the very last.

V. FUTURE OF ENTOMOLOGY IN INDIA.

That is the present position. Now how about the future !

India has entered upon a new form of Government, with in-

creased representation and increased responsibilities. Democracy
at best is a very expensive form of administration and for all

beneflcient activities and developments money is essential.

Retrenchments and reductions in the cost of administration are

mere palliatives, they do not provide a cure. In most parts of

the country the burden of taxation on land is already so high
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that no further increase is possible. In fact our farmers are so

heavily under debt that they are crying for immediate sub-

stantial relief. In the industrial field the competition is so

keen that some form of protection or subsidy is demanded. In

the circumstances we must either tap new sources of income—
not an easy task, or we must stop wastage. India is paying a

tribute of 200 crores of rupees to the demons ‘ Satpada \ What
policy of defence should we inaugurate against this enemy
which is destroying life and property on a scale far in excess of

what any human foe can destroy. To reduce this enormous
waste of our national wealth, is one of the most important and
urgent problems which India has to face. It is for us to find a
solution, but we are grcjatly handicapped. The insect problem
has not yet received the recognition that its enormity demands.
The number of those interested in entomology, amateurs,

teachers, students, workers in pure entomology, agricultural,

forest, medical, veterinary and industrial entomology, does not

exceed 125. Thus for every 2‘5 million people ofIndia there is one
person interested in insect study. At a very liberal estimate the

total expenditure of all entomological activity—^teaching,

research and pest-control, would not exceed 15 lakhs a year.

Against this, about 1932, the normal budget of the U.S.A.
Bureau of Entomology alone was $25,000,000 and on Ist March,

1930, the total classified personnel of the Bureau was 515, and
there were 100 field laboratories in U.S.A. and other countries.

In addition to this, all States and all Universities and Agricul-

tural Colleges employed large staff of entomologists.

Public Awakening.

Before any progress is possible the population at large must
be convinced that insects are its bitterest foes. We must have
the public to appreciate the fact that it is of vital necessity that
something immediate must be done to stop the inroads of insect
pests. Our public must learn to appreciate the true value of the
study of insect life. Our legislatures must learn to acknowledge
that the insect problem is one of the problems on the proper
solution of which the future of this country depends, and that
applied entomology must develop if man is to gain health, peace
and prosperity. It is the duty of the entomologists to educate
the public and we must employ every possible method to achieve
this end.

By every means possible we must greatly increase the number
of workers both in pure and applied entomology. Public educa-
tion will be a means to this end, and public awakening will
increase the number ofamateur workers, the class which has done
most magnificent service to entomology in the past. Funds
have to be obtained from the Legislative Assemblies and therefore
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we must have the public behind us and the legislatures on our

side.

Futueb of Entomology in Education.

At the close of the Great War Sir Harry Johnston wrote an
article in the Nineteenth Century Magazine on ‘ The Next
War a war against insects. In this article he rightly pleads

for a wider knowledge of entomology. He boldly states that
* the whole curriculum of our schools wants overhauling and that

instead of Euclid should be taught entomology or the science of

insects
;
instead of puzzling over Algebra boys and girls should

be well-grounded in elementary zoology, botany and chemistry *.

In fact insect horrors so impressed him that he wanted ‘ all public

servants of every degree and every branch of state employment ^

to pass an examination in entomology.

Wo cannot make progress unless in the words of Howard
(1925) * We uncloister our schools and colleges, not only the

minds of the students but especially the minds of the teachers

As to what should be accomplished I cannot do better than quote
from Gossard (1925) who gave the following advice to the Section

on Education, Extension, etc., etc., of the 10th Annual Meeting
of the Pacific Coast Branch of the Association of Ecjonomic

Entomologists in the United States of America :

—

‘ This section should be specially devoted to the con-

sideration of entomology as a necessary part of education or of

nature study in rural schools, grammar schools, junior and
senior schools ; the inclusion of a well chosen entomological

section in the Boy Scout Manual and in the publication of

Campfire Girls : to secure better than casual notice on insect

subjects in such papers as the Youth’s Companion, Boy Life

and in the standard magazines which contribute most largely

to moulding the world’s thoughts. It should endeavour to

increase the use of entomological toys and games and if possible

add to the entomological education of the clergy and those

religious orders which participate in large degree in general

education of the public
’

No better programme could be laid for this country. Ghosh
(1919) brought the same question before the 3rd Entomological
Meeting and argued that no rapid progress in control of pests and
noxious insects was possible unless the people of the country
became ‘ Insect minded ’ and, therefore, he considered it necessary

that information concerning insects be made a compulsory
subject for children in primary schools in India, and advocated
that the readers for use in these schools should contain simple

accounts of some of the insects commonly found in the Provinces

concerned, and he emphasized that Entomology should figure

prominently in all courses of nature study and advised the

education authorities to enlist the help of entomological workers
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in the preparation of suitable readers and text-books. The meet-

ing unanimously passed several resolutions on the subject,

but so far they have remained mere pious hopes. Entomology

must take its rightful place in our schools.

Entomology in General Zoology Courses,

The departments of zoology in the Universities in India have

to reconsider the whole question, and impart such entomological

education at all stages of a zoology course as the importance of

this subject demands. We must bring education more and more
in line with our needs. It is claimed for entomology that it

provides full scope for the development of mind, and no other

branch of zoology has such wide application to human affairs.
^

Entomology in Agricultural Colleges,

Although great progress has been made in some of the

Universities of India to give entomology its rightful place in the

curriculum of agricultural studies, yet much remains to be done.

There was a time when an agricultural entomologist could be

considered competent to do his work well if he was familiar with

crude morphology and general classification. But gone are the

days of ‘ catch and kill * or ‘ cut and burn and we have to

aim at prevention rather than cure. Insect control of today is

not an easy matter, what we once thought simple is becoming
more involved. Further improvement of the status of ento-

mology in the course of agricultural studies is greatly needed.

Entomology in Medical and Veterinary Colleges.

Entomology has yet to fight its way into the curriculum of
studies in our Medical and Veterinary Colleges. In a country
where the so-called tropical diseases are responsible for at least

two-thirds of deaths, a study of the carriers of these diseases can-
not be ignored. In our country every medical institution should
be a school for tropical medicine. Let us hope that the difficulty

of finding time for this important branch of preventive medicine
will not be insurmountable, and if it is found that the Medical
curriculum is already too congested, is it not possible to make
some knowledge of insect structure, bionomics and classification

a qualification for admission to a Medical College ?

At a meeting of the Animal Husbandry Wing of the Board
of Agriculture held in 1934, the question of entomology in
Veterinary colleges was considered. The opinion was favourable,
although it was pointed out that in a three years* course it will

not be possible to deal with the subject very thoroughly. Let
us hope that something material will result.
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Training of Entomologists,

The important question of the training of entomologists,

as distinct from including entomology in the education of all

classes of people, has been occupying the minds of teachers in

all countries. The fifth Entomological Meeting held at Pusa in

1923 unanimously passed the following resolution moved by
K. Kunhi Kannan :

—

‘ That this meeting recommends to the Indian Universities

that the subject of Entomology be taught as of equal rank with

other branches of biological science in the courses of studies for

the examinations of the Universities for the degrees in Science

including Agriculture.’

The International Congress of Entomology, held at Zurich

during 1925, discussed this question. The same question came
up before the Congress of Imperial Economic Entomologist,

1925, and was further discussed in the Third Annual Meeting
of the British Zoologists held in January, 1926, when Prof.

Stanley Gardiner moved the following resolution :

—

‘ That on account of the growing importance of Ento-
mology fuller facilities for the teaching of Entomology should

be provided by the Universities.’

Once again the Imperial Agricultural Research Conference,

1927 recommended :

—

* In view of the fact that the progress of Agricultural

Entomology is to a considerable extent dependent on the^

advancement of the science of Entomology in general, it is

very necessary that more attention should be given in

Universities to research and teaching in pure Entomology,
which are at present hampered by the lack of necessary

funds.’

I do not wish to dilate on this point. I will only say that

there is growing need for a better, broader and sounder training

in Entomology and as a basis a wider training in Biology, which
is being greatly neglected. The Universities can play a very
important part in the training of entomologists, by improving
the status of Entomology in their zoology course for the degree

examinations and in post-graduate courses.

Futubb of Insect Taxonomy in India.

Now I come to another most important question. I would
like to repeat that to be able to know precisely and definitely

what insect is under investigation, and to be able to talk about
it and write about it so that all others understand, is of funda-
mental importance in every sphere of insect study and more
particularly in applied entomology. It is not every mosquito
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that is the carrier of malarial parasites, nor is every fly a warble-

fly. Even closely related species may have widely differing

habits, and widely differing behaviour, and control operations

based on imperfect knowledge of the identity of a pest may
mean entire waste of enormous energy and wealth. I may
perhaps illustrate this point by an example. Not very long ago

the borers of sugarcane and related plants were all placed under

one species, and such control measures as sowing of maize as
‘ trap crop ’, to protect sugarcane from borer attack, were

advocated. It was only after a carefully taxonomic study had
been made that the absolute futility of such recommendations
became apparent. The borer pests of sugarcane would not

feed on maize. Such instances can be multiplied indefinitely.

The necessity of developing Taxonomic Entomohgy
within the Country.

It is becoming more and more evident that taxonomy
divorced from other branches of entomology cannot reach

stability. Even in the case of some of our most important
insect pests the past methods have led to a great deal of con-

fusion. For instance, in practically every case the phases of
the migratory locusts were named as different species. Our
very serious and common pest of sugarcane in India

—

Pyrilla—
described from pinned specimens was split into three species on
the basis of small colour differences which have proved to be
normal variations (Pruthi, 1937). Taxonomy can no longer be
regarded as mere christening of dead insects pinned, staged or

preserved. Untold confusion has been caused by this attitude.

With the development of applied entomology the responsibilities

of taxonomy have increased. Taxonomy must be unfettered
from its present bondage and allowed free vision much beyond
the cabinets and museums. It is very necessary that taxonomy
must be broad based and we must recognize that life-history

studies, ecological observations, facts of geographical and season
variations all have an important bearing on insect identification.

For such a complete study ofinsects it is necessary that taxonomy
must go hand in hand with other branches of entomology, hence
the necessity of developing taxonomy within the limits of a
country.

Further, the difficulties of depending on an outside agency
for taxonomic work are great, in spite of the fact that we have
quick means of transport and communications. I shall illustrate

my point by a specific instance.

About 1927 some insects were sent abroad, and their
identifications were received after about a year. There were a
few new species to which names had been given, with uhe remarks
that their descriptions would be published

; but these have not
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been published so far. Ten years have gone by and, as we have

not been able to obtain proper identification, our publication has

been held up. In the meantime another difficulty has arisen.

Another consignment of the same material was sent to the same
agency in 1929. As the first expert had given up work on the

group, this second consignment was handed over to another

taxonomist and his identifications, received recently, do not

agree with the previous identifications. If it had been possible

to identify this material within the country, all this delay of

years in the publication of important results of wide application

would have been avoided.

Imperial Institute of Entomology and Entomology in India,

Wliile on the subject of the development of taxonomy, it

will be an unforgiveable omission if no mention is made of the

assistance given by the Imperial Institute of Entomology,
London, to workers in India. The publications of the Imperial

Institute, the two series of the Review of Applied Entomology
and the Insect Part of the Zoological Record, rank among the

most important publications of international utility. Besides,

the Institute is rendering most valuable services in the identifica-

tion of insect specimens. The condition of insect collections in

this country being what it is, the Imperial Institute and the

British Natural Kistory Museum have, for years, to play an
important part in fostering taxonomic work in India. During
the two years 1934 and 1935 the Imperial Institute ofEntomology
identified for India (including Burma) 1,670 specimens. How
hard pressed the Institute is, will be evident from the fact that

the number of insects received for identification had risen from
101,093 in 1930 to 4,926,060 in 1935. With the rapidly growing
^interest in entomology and particularly in applied entomology,

this demand is likely to increase greatly. In addition to the

staff of seven expert Entomologists on the permanent establish-

ment, the Imperial Institute has found it necessary to seek

outside help and have made arrangements with 64 specialists,

in different parts of the world, to identify insects. Although
this organization is the largest of its kind in existence, even so,

the Institute is unable to meet adequately the demands made
upon it. A mild warning has been issued by the Directorate

that they have now almost reached the limit of work that is

possible with their present resources.

It is not only the Imperial Institute of Entomology that is

working to the utmost limits of its resources, the world position

in Taxonomic Entomology is still more unsatisfactory. Of late

many of the entomologists in Europe and America have drawn
attention to the imminent danger of a break down. The resolu-

tions and recommendations of the third International Congress
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of Entomology held at Zurich in 1925 may be taken as an index

of international opinion on this question :

—

‘ An enormous extension in applied entomology has

recently taken place throughout the world. This has neces-

sitated, as a first step, the exact determination of an immense

number ofinsects. The result has been to show the utter inade-

quacy of the present means of undertaking such work ’.
.

.

‘ Everywhere the systematic specialist is overburdened and

his load has now become an intolerable one.*

Attention is also drawn to a very interesting and thoughtful

address by Walther Horn (1928) to the fourth International

Congress of Entomology, on the ‘ Future of Insect Taxonomy ’,

where the position of Taxonomic Entomology in the world has

been discussed.

The situation does not appear to have improved during the

last 12 years and Neave in his address to the Royal Entomological

Society of London (1935) laid great stress on further development

of taxonomic work. He stated :
‘ At the present time the ever

growing demand, rising from the innumerable investigations on
insect pests and their insect parasites that are in progress all over

the world, is quite impossible of satisfaction with the existing

staff. It is, therefore, incumbent upon the Governments to

spend more money in this direction (taxonomy) if they are to

derive full benefits from the funds invested in solving economic
problems in entomology ’.

The fourth Imperial Entomological Conference held in

London in September, 1935 unanimously demanded ‘ the utmost
possible extension of the systematic work *. It was pointed out
that there was * still lamentable ignorance of such economically

important group as the parasitic Hymenoptera and Diptera
and the termites ’ (Neave, 1935).

It is time that we entomologists in India carefully considered

the position in relation to foreign workers and particularly in

relation to the Imperial Institute. The contribution of our
country to the Imperial Institute is indeed meagre—^£200 a
year. It should, however, be possible for us to render effective

co-operation otherwise. We must develop taxonomy in this

country and some of our taxonomists should specialize in certain

groups and thus reciprocate the valuable assistance which has
been given to us for so long by the Imperial Institute and other
workers. Further, it is necessary for establishing taxonomic
entomology on a sound footing in India, that a scheme ofdeputing
at the Imperial Institute a number ofyoung Indian entomologists
for the study of special groups, for terms of years, be vigorously
advocated. This will be for the mutual gain of the Imperial
Institute and Entomology in India. SimSarly, students going
abroad for entomological education should be encouraged to do
taxonomic work on Lidian insects.
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Insect Collection.

Taking into consideration the area of our vast country and
tremendous variety of insect life, and recognizing the fact that

perhaps we do not know even one insect in sixty, our task is

stupendous. We require an army of enthusiastic, careful

collectors and investigators. The only paid staff for purely

taxonomic work in Entomology in India consists of one Assistant

Superintendent in the Zoological Survey of India and his small

staff and one Systematic Entomologist attached to the Forest

Institute, Dehra Dun. How utterly and hopelessly inadequate

this staff is, needs no advocacy. Investigators on medical
entomology have done excellent taxonomic work on small insect

groups of medical value and some taxonomic work has also been
done in Agricultural Institutions and the Universities, but the

fact remains that today most of our taxonomic work is being

done by experts, outside the country.

In the past in every country taxonomic entomology has
been the outcome of the enthusiasm of amateurs and our country
has been no exception. We owe a deep debt of gratitude to

those enthusiastic workers, including clergymen, army men,
medical men and others, who while engaged in their own pursuits,

found time to collect insects and study them. Most of these

voluntary workers have been Europeans, particularly Britishers.

Among early collectors of Indian insects and taxonomists one
looks in vain for an Indian name. Even today there is hardly

a country-man of ours who is known to collect insects as a hobby.
Time has come when we should shoulder this burden, and it is

our duty to encourage amateur entomologists.

It is not every one interested in insects that becomes a keen
collector. It is therefore essential to promote the habit of insect

collecting from the very childhood and for this purpose we must
go down to schools. Insect collections must form an important
part ofnature study and every teacher passing through a training

institution must provide proof of his being able to encourage
insect collection by personal example. It has been claimed for

entomology ‘ that it can procure the maximum delight for the
mind * and believing in this we must initiate others to the delights

of entomological pursuits. Insect collection should be as

interesting a hobby as stamp collecting and infinitely more useful.

According to Sharp (1919) ‘ This period ought in the history

of Entomology to be marked as the age of collecting and he
states that ‘ to get together a collection of all the insects of a
limited region is merely to lay one of the foundation stones of

science of Entomology in that region \

Insect Survey.

Geographical and ecological distribution is in itselfa fascinat-

ing subject and it is of utmost importance in applied entomology
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—^medical, veterinary, agricultural or forest. Epidemiology is

already considered a very important branch of medical science

and it is being recognized as of great importance among workers

in every branch of applied entomology. A complete survey,

geographical and ecjological, is necessary for a proper study of

the epidemiology of all pests, and must be encouraged by every

possible method. In addition to pest surveys, general insect

surveys are necessary as these form the foundation of taxonomic

work. All institutions teaching advanced entomology should

organize such surveys and by every possible means such surveys

should be encouraged.

Universities and Taxonomic Entomology,

Our Universities can play a very important part in con-

ducting insect surveys, in getting together large collections of

insects and in developing taxonomic entomology. Every
University in India where there is a Department ofZoology should

undertake a thorough entomological survey at least of a group
of insects or a geographical region or an ecological complex.

We shall thus lay the foundation of excellent taxonomic work in

all parts of our large country.

It should be recognized that taxonomic work is of funda-

mental importance in the training of an entomologist whatever
line of work he may take up later on. Before an investigation is

started, may it be in bionomics, physiology, ecology, distribution

or applied entomology, wo must be able to answer precisely,

definitely and without a shadow of doubt the question :
‘ What

is it ? * Let every student of entomology develop sufficient

keenness and enthusiasm for taxonomic study, so that he realizes

the importance of this question. Not only should all taxonomic
work of merit be recognized for all University degrees obtained
through research but it should be specially encouraged. To
further emphasize the point I would draw your attention to the
following resolutions moved by Hom-Escherich—^Nuttal, at the
International Congress of Entomology (1925). That :

—

* The teaching of Systematic Entomology at Universities
be adequately provided for by the establishment of chairs
especially devoted thereto.’

‘ The meritorious systematic work should be regarded as
qualifying candidates for ordinary and advanced degrees at
Universities.’

Mvseums,

Taxonomy and insect collection go hand in hand. In
order to obtain quickly an accurate determination of insects,
properly classified, named collections for comparison are
absolutely essential. In every province and Indian State there
should bo an Institution or a Museum, with an adequate staff of
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specialists and technical Assistants for taxonomic work. As
long as this is not done taxonomic entomology must remain
undeyeloped. Such an Institution will serve as a repository of
collections of all species in a particular area, will exchange
duplicates with other similar Institutions and thus taxonomic
entomology all over the country will develop. Whether these

museums are independent institutions or form part ofAgricultural
Colleges or the Zoological School of a University is immaterial.

fSirther, we should develop at least one National Museum
which should have as complete a collection of Indian insects aa

possible. India has lost almost all types of insect species so far

described. Let us have the next best—carefully determined,
properly labelled, authentic specimens of all our insects, so that

future investigators have facilities for work. We must make a
vigorous co-operative attempt to have at least in one place as

large a collection of species described from India as we can.

Other lines of Research.

T have laid special stress on taxonomy, but not because I

consider it the be all and end all of entomology but because

this field of study is not receiving in India, and in fact anywhere
else, the attention which its magnitude and importance demand
and deserve. In our country there is need for research in every
branch of entomology. We must study the morphology of
Indian types and place in the hand of our students books dealing

with the structure of insects that exist in this country. In
Entomology we should have Monographs of the type issued from
Lucknow (edited by Bahl). Our studies in* bionomics have been
confined to few pests and a great deal remains to be done.
Fletcher’s studies on the life-history of Indian Microlepidoptera

just indicate what is required for aR the groups. Insect psycho-
logy, or to use a simpler language, studies in insect tropism or

behaviour, are of utmost importance. If we can only discover

what force guides the female Carpet beetle

—

Anthrenua, an open
air insect to enter a house, however well screened with wire

gauze, reach the deepest recesses of cupboards, creep in through
narrowest chinks, and get at woollen garments, or, if we can
discover what attracts the female Anophdes to man, we would
be well on our path to a satisfactory control of most insect pests.

Insect ecology holds the field today and it must play an important
part in placing in our hands facts on the basis of which we could

predict insect abundance and outbreaks. Enormous work is

needed in this direction. Biological control of insect pests is

yet in its infancy in India. We know very little about enemies
of insects and their mass multiplication. We know still less

about insect diseases. Insect pathology is a young science and
full of promise. And finally we must not ignore the application

of mathematics and statistics to our science, use of logarithmic

Id
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tables has entered the field. The demand is so great and so

much work is to be done that we cannot get enough workers

and enough facilities for the study of all the different aspects of

insect life.

Future of Applied Entomology,

As a result of general awakening to the applied value of

entomology and improvement in the teaching of entomology, it

is expected that more money and more men will be available

for researches in this direction. In every branch of applied

entomology there is need for great and immediate expansion.

If India is to rise then her insect pests must go under. Any
money spent for the study of insect pests will more than repay

itself. In every province and in every Indian State more men
are required for investigation on insects of agricultural, medical

and veterinary importance. In every province an entomological

section of the Department of Agriculture is a necessity. Every

Medical Department and Veterinary Department should have

fully trained men available for investigation of local problems

and control of disease carriers. Our Forest Entomology needs

strengt.hening. I wish to draw your particular attention to one

danger.* The lino between pure entomology and applied

entomology has no thickness, but very often an applied worker

has to stop work of great importance, bcujause the pay-master

considers it pure science and will not scse its future possibilities.

This is the case all over the world, but more so in India. The
consequences of such a policy are as serious for the development
of science as for the intellectual development of the workers.

Entomological Literature.

It can hardly be disputed that no branch of knowledge can
progress without literature. In this respect entomology in

India is very badly placed. We have no literature worth the
name in any of the vernaculars of our country. Without such
a literature we cannot interest our people in this very important
science. There is need for simple, popular books on insects in
general and also on insects which do damage to our crops, our
goods, our animals and injure ourselves. Since 1909 when
Lefroy wrote his ‘ Indian Insect Life ’ no comprehensive book
has been published on insects of India, and Lefroy’s book has
been out of print for years. Thus Indian students of entomology
have to fall back on books dealing with insects of other countries.
It will be a fit tribute to the memory of Lefroy, who did more
for entomology in India than any one else, if his book is revised
and brought up-to-date. There is need for scientific treatise on
applied entomology with reference to the particular conditions
of the country. Abundant material is available and time has
come when this work should be taken in hand.
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There is enormous literature scattered in numerous journals
and publications dealing with Indian insects and a complete
bibliography of this literature is one of the greatest needs.

The brief and incomplete outline of the history of Indian
Entomology that I have placed before you must have shown
that there is need for an authentic history of Entomology of this

country. Books printed elsewhere ignore our country com-
pletely, we must make up this deficiency ourselves.

We must vigorously push forward the publication of the
‘ Fauna of British India * and Catalogues of Indian Insects.

Intbenational position of Entomology.

Entomology has long ceased to be a subject of purely
national interest and is becoming more and more a subject of
great international importance. Insects recognize no political

barriers nor separate governments. Today they conquer one
country tomorrow another. Modem means of transport

—

railways, motor cars, steamships, airships, aeroplanes—^have

made the spread of insect pests a matter of international con-
sideration. India has already been invaded by San Jose^

Scale, American Blight, Potato Tuber Moth, and Codling Moth,
to mention but a few. Further, insects such as the locusts

born and bred in one country may fly over to distant lands.

Nations are awakening to the international importance of insects,
and Locust research and control are already in operation on
international basis. Therefore, an entomologist, to whatever
country he may belong, has to take an active interest in the
international entomological problems. With ever increasing

quarantine restrictions and legislative measures against the
spread of insect pests, demands for certificates of freedom from
pests, notification of outbreak of pests on international basis,

India must develop her entomology so that she can take her
proper and rightful place in the international assembly of
entomologists. You will be interested to know that the Imperial
Institute of Agriculture, Home have announced that Kadio com-
muniques of that Institute will be transmitted for English

knowing people on Thursdays.

So far we have gone on the presumption that an insect which
can exist in one country can also exist in another and a pest

of one country can assume the status of a pest in every country.

It is true that some insects have become wide spread in a com-
paratively short period of time, for instance the San Jose"

Scale ;
and yet there are others which have not been able to

spread even into neighbouring territories and adjacent localities.

Without a thorough study of the ecology of a species it is im-
possible to predict its behaviour and in the meantime much
money is being spent at our quarantines in killing insects which
are either alimdy dead or which if introduced to new locality
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ar© likely to die of their own accord. India if she is to protect

her^lf against foreign pests efficiently* then she must study the

question and develop a well organized and well trained quarantine

service. This important task can no longer be left in the hands

of laymen.

Entomological Joubnal.

For growth of entomology a periodical devoted entirely to

the publication of research work in this science is essential. At
present there is no such journal in India. Most of the papers on

entomology, therefore, find their way into periodicals dealing

with general agriculture, forestry, medicine and veterinary, or

what is still distressing, into the proceedings of the vu,rious

Societies and Academies and the publications of the various

Universities, intermixed with subjects which ar© not of the

remotest interest to an entomologist.

Sir John Bussel mentions in his recent report that ‘ it is

comparatively rare to find references to Indian investigations in

books published outside India The scattered manner in which
we publish the results of our researches is certainly one of the

reasons for this unfortunate neglect. Sir M. Visveswaraya in his

Presidential address before the Indian Science Congress of 1923,

deplored the tendency to multiply our journals, which leads to

defasion and disorganization, instead of co-oridnation and co-

operation. He emphasized the need of one accredited journal or

publication for each branch of science, which will command
respect in other countries. A rough computation made reveals

the fact that no less than 80 different publications in India include

material on entomological subjects. Even if half of this material

is of general character which should legitimately find its place in

popular periodicals, the position still remains unsatisfactory. Is

it possible for College and University libraries to obtain all

these journals, or is it possible for any research worker to keep
track of the literature in the special branch of knowledge in

which he is interested 1 The Scientific Abstracts issued by the
National Institute of Science in India and Lists of Publications
on Indian Entomology published by the Imperial Council of
Agricultural Research, are very incomplete because even the
Zoological Survey of India and Imperial Agricultural Research
Institute do not get many of the publications appearing in the
country which contain valuable entomological material. Workers
in medical entomology advocated the desirability of a separate
entomological publication very early and in the very first meeting
of the Governing Body of the Indian Research Fund Association
the question of publishing an Entomological Bulletin was raised.

Evidently the Entomologists being in minority lost the point
and it was decided that entomologi^ papers should be published
in the Indian Journal of Medical Research. Hundreds of pages
of this Journal have been devoted to first rate entomologioal
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literature, dealing with physiology, morphology, ecology, bio-

nomics, embryology and tabconomy, intermixed with, for instance,

such subjects as Birth and Marriages among Brahmans. Thus
most valuable entomological material has become out of reach of

many entomological research workers. Similarly, we find

excellent entomological literature in agricultural and forestry'

journals, buried among heap of other matter.

Almost two decades back the following resolution was
passed by the Third Entomological Meeting held at Pusa (1919) :

‘ The Third Entomological Meeting is of opinion that it

would be desirable to have a Journal solely devoted to Ento-
mology and Government should undertake publication of it

The details were left to a Committee, but as most of the

members proposed for this Committee declined to serve on it, the

matter had to be dropped.

Lately the Forest Entomologist has at last been successful

in getting a separate publication on Entomology.
It is evident that a periodical which should collect the best

of all the available entomological material and publish it in a
form readily accessible to all entomological workers, would be
eminently desirable and would meet a real and pressing want.
Such a periodical besides collecting valuable entomological

material in one place, will enable workers to find out what others

are engaged on, co-ordinate work, excite healthy emulation, and
let the outside world know what Indian Entomologists are

doing.

Entomological Society.

So far no serious attempt has been made to have an organiza-

tion to provide a common meeting ground for all those interested

in insect study. The nearest approach were the Entomological

Meetings arranged by Fletcher, the fifth and the last of which
was held in 1923 at Pusa. It is after 15 years that we meet
again in this Section.

While in the year of grace 1938 we have to consider the

question of an Entomological Society for India a number of

Entomological Societies have completed one hundred years of

active work, and some have a still longer record of useful service.

It will not be without interest to state that the first

Entomological Society to be founded was Societas Aureliana of

England, established in 1745. The Societas Entomologica,

which developed into the Royal Entomological Society, London
came into being in 1806.

Entomological Societies were established in America in

1842, in Russia in 1861, in France 1867, in Canada 1868, in

Argentine 1873. The Royal Entomological Society of Eg3rpt

was established in 1907.
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It is most necessary for the future development ofour science

that a powerful, independent body of Scientific opinion be
created to foster the growth of entomology in our country. An
Entomological Society of India with branches all over the country
is greatly needed.

Gentlemen, ‘ much has been done but much more remains
to be done and let us turn to our task with the full conviction
that :

—

‘ The entomologists are the men on whom the world must
depend for much of its future prosperity Howard
(
1925).
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THE EACIAL COMPOSITION OF THE HINDUKUSH
TRIBES.

The region south of the Hindukush and Karakoram
mountains and lying approximately between lat. 35®-37® N.
and long. 70®-76® E., occupies a strategic position in the racial

geography of India, for, as seems certain, it is through the passes

of the high mountain chains which guard her north-western

boundaries that the northern steppe folks reached India
;
and

in the difficult valleys flanked by lofty spurs and drained by
the tributaries of the Upper Indus we still find the remnants,

if not of the main invaciers, at least of those of kindred tribes

who came in their wake.

The. earliest references to the tribes living in this region

are given by Herodotus, who speaks of ‘ Other Indians ’ as

occupying the frontiers Ijetween Kaspatyros or Kashmir and
the Paktyan country or Afghanistan (III, 102-105). Strabo

(XV) and the elder Pliny (Natural History, XI, 36), however,
specifically mention Derdai or Dardae as the name of the tribe,

and refer to Megasthenes as their authority. The latter must
have had in his mind the Sanskrit name ‘ Darada ’ mentioned
in the Puranas and the Epics in a generic sense for the people of

the N.-W. Himalayan region, who were warlike and among whom
the Buddha had sent his missionaries.

In modern times the earliest mention of these tribes was
by Moorcroft, who, in 1821 first drew attention to the Dards.

Following him Vigne in 1835, and Cunningham in 1846, travelled

through Baltistan and published some accounts of the tribes

living there. In 1847, Young and Agnew crossed the Indus
at Bunji and reached Gilgit, Unfortunately the report of these

two intrepid officers was lost, owing probably to the murder of

the latter soon after their return to Mooltan,

Detailed accounts of these tribes were given twenty years

later by Leitner who succeeded in penetrating the Hunza-Nagir
valleys in 1866. A large mass of information on the languages

spoken in that area was brought back by him, and he was the

first to point out the Aryan affinities of the Dardic language.

Leitner also published anthropometric measurements of 12 men,
one of whom, Jamshed, who belonged to the Kati tribe of the

(
247

’

)
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Bed Kaffirs was taken to England and measured by Dr. Beddoe.

Drew, who for many years served under the Maharaja of Kashmir

as a geologist and finally became the Governor of Ladakh, had

an intimate acquaintance with, the entire territory from Janimu

to Gilgit and greatly added to our knowledge of the tribes

inhabiting these regions by the valuable notes contained in his

work on Jammu and Cashmere territories published in 1875.

After Drew, the most important account on these tribes was by
Biddulph, who was a member of the Forsyth Mission to Kashgar

in 1873 and was stationed as Political Agent at Gilgit for several

years. Like his predecessors however, his experience was mainly

confined to the Burish and Dardic countries, and he had no first-

hand acquaintance with Kaffiristan. The account given by
him of the Siah-Posh tribes were derived from Kaffirs whom he

met at Chitral, and other visitors to their country. Similarly

Bellew’s note on the Katis contained in his Races ofAfghanistan

(1880) was not derived from a visit to Kaffiristan, but was
based on sources available at Kabul. The first European to

enter Kaffiristan was Lockhart who entered the upper part of

the Bashgul valley in 1885-80. It is to Robertson, however, who
spent nearly a year (1889-90) in Kamdesh and other parts of

Kaffiristan, that we owe all our hitherto available information

regarding the habits and customs of the Bed Kaffirs, specially

the famous Kam tribe.

Systematic anthropological investigations in the North-

western Himalayan regions commenced with Baron Mezo-Kovesd
TJjfalvy’s visit in 1881 under the auspices of the Soci6t6 d*

Anthropologic de Paris, in continuation of his earlier researches

in the Pamirs and Russian Turkistan. Ujfalvy spent several

months in Ladakh, Balti and Dardistans and published anthro-

pometric measurements on their inhabitants. After him the
next important work was that of Stein, who in the course of his

three Archesological Expeditions to Central Asia during 1900-1928
measured a large number of tribes including Red Kaffirs, Klhos
and Hunza Burushos. In 1912, Dixon travelled through the
Astor valley to Hunza-Nagir States on his way to Western Tibet
and took measurements on a large number of the Burusho. In
the following year, the Italian Expedition to the Karakoram
ranges under de Filipi made a detailed survey of the somatic
characters of six major racial groups of the Upper Indus valleys.

Lastly in 1929, the author, as a member of the Scientific Expedi-
tion of the Government of India, which was sent to collaborate
with Morgenstierne’s linguistic survey of the Hindukush regions
on behalf of the Norwegian Institute for Comparative Research
in Human Culture, visited Chitral, and the Rambur and Bum-
boret valleys of Chitral Kaffiristan and carried out an extensive
anthropological survey of the races living there.

Linguistically, the tribes living in this area have been classi-

fied under two heads, namely, Dardic and Burushaski, with
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KafSri occupying an intermediate position between Iranian

and Indian. Burushaski is spoken in Yasin and the Hunza-Nagir
valleys, and as yet unaffiliated to languages of any known family,

though attempts have recently been made by Bleichsteiner

(The Buruahctski Langiiage by D. L. R. Lorimer, 1, Preface,

1936, Oslo) to connect it with Caucasian languages. The
Dardic group comprises Kashmiri, Shina, Kohistani, Khowar
and Kalash

; and in Kaffiri are included Kati, Waigeli, Ashkun
and Presun. Grierson is inclined to regard the Dardic languages

as * semi-Iranian ’ forming a link between the Iranian and Indian

languages spoken on both sides of the Hindukush (Linguistic

Survey of India, 1, pt. 1, 108, 1927, Calcutta). The researches

of Morgenstieme, however, have shown the essentially Indian
character of Dardic languages, though, as is natural, in the

isolation of the Hindukush region some of the common features

of the Ancient Iranian and Indian languages have been preserved

which are now lost on the Indian side. Neither is Kaffiri an
exception, and though standing somewhat apart, it shows much
closer affinities to Indian than Iranian languages, in morphology,
phonetics and vocabulary, specially with neighbouring Kalash
and Khowar

;
the last two forming a sort of connecting bridge

between Kafci and the purely Indian languages (Reports of

Linguistic Missions to Afghanistan and North-western India,

1926 and 1932, Oslo).

Fig. 1.
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It will be well to keep this in mind in considering the racial

characters of these tribes and treat the Western Group at first

separately from the more Eastern one of the Upper Indus

valleys. In Text-Fig. 1, I have reproduced the values of the

Coefficient of Racial Likeness between these tribes. I am aware

that Prof. R. Fisher {Joum. Roy. Anthr. Inst., 66, 67-63, 1936)

has shown that the C.R.L. is not a measure of racial difference

but a test of significance, and an unsatisfactory one at that.

Nevertheless we may begin our discussion with these values

without claiming anything more for them, than, that if they

be not fortuitous due to the defects inherent in the method,
they would give some indication as to the probability of their

being random samples of the same population, i.e., at their best

they may be expected to tell us something of the probable

alignments of these tribes. •

According to these C.R.L. values therefore, there is a

probability of the four Dardic tribes being random samples of

the same population, but in the case of the Red Kaffirs the

chances are somewhat less. With the extra-Indian groups,

whether Iranian or Turkic, the chances are very little either

with regard to the Dardic or the Kaffir, of belonging to the same
population. Leaving them therefore aside, the results may be
considered to accord on the whole with linguistic divisions,

and prima facie there is nothing improbable about them. But
beyond this chance membership of a common body we are told

nothing about the racial character of that body—whether the
somatic type is the same, or if there be more than one type,

whether their distribution is uniform in the groups composing
that body. For this, as well as for seeing how far the results

obtained by the method of C.R.L. can receive independent cor-

roborations we have to turn to the actual me rsurements and
somatic observations for enlightenment. These may briefly be
classed under four main heads, namely, stature, forms of the head
and face, and pigmentation.

To take stature first, the differences between the mean
values of the Kalash, Kho, Pathan and th ^ Kashmiri are not
significant, but the Kaffir appear to show significant differences

from those of the first two, which may not be due to the errors of
random sampling. If we examine closer, it is found that in the
Kalash and the Kho the majority of the people vary from a
short to medium stature, only 8 and 16 p.c. respectively in these
two groups have a stature of over 1,700 mm., i.e., tall. In the
case of the Pathan of Dir Kohistan while the percentage of
short people is about the same, that of the tall people increases
to 22. Among the Red Kaffir, on the other hand, the percentage
of short people is only 11 but that of the tall people is 28, i.e.,

they have a much larger number of taller people among them.
This becomes clearer when the Text-Fig. 2, showing the distri-

bution of stature among these tribes is examined. Among the
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Red Kaffir, it would appear that the main range of variation

is between 1,650-1,750 mm., while among the Kalash, Kho and
Kashmiri it is only between 1,600-1,650 mm. The Pathans
possess a predominantly short group, but they have, like the

Kashmiri also a smaller number who are inclined to be tall.

In other words the common factor among all these tribes is a
short to medium statured people which is the dominant element
among the Deudic tribes, but among the Kaffirs the tendency
•of the majority is towards tallness which is shared to a smalL»r

extent by the Pathans of Dir Kohistan and the Kashmiris.

It is noticed (Text-Fig. 3) that in cephalic index the main
body of the Kalash falls between 71-75, and among the Red
Kaj^, Pathan and Kashmiri it is between 72-76, showing that

though the Kalash have a relatively narrower head, all the four

tribes are essentially dolichocephalic. On the other hand the

Kho stand somewhat apart, and the distribution of the major
type among them is between 76-80. There is also a small

•but perceptible number among them who are markedly braohy-
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Fig. 3.

cephalic. It would appear, therefore, that the greatest common
factor among all the groups is doliohooephaly, but the braohy-

cephalic strain which has entered deeply in the Kho is present

only to a small extent among the other four.

Tvjming to the shape of the face, the morphological height

in all the groups is over 120 mm., but both the cheek bones
and the lower jaw are moderately broad producing in many a
pear and even a squarish type of face. In the majority, however,
the facial form is longish and persons with a round face are very
small. The difference in the shape of the face is not marked,
though on the whole perhaps the ]^lash and the Pathan possess

a slightly longer face.

In Text-Fig. 4, is shown the distribution of the nasal

index from which it will appear that the dominant elements
in all the tribes lie between 60-70, with a small but an appreciable

number of very narrow-nosed people specially among the Red
Kaffir and the Kho.
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There is also a fair number of people who discloses a mesor-
rhine index, but if the distribution curves be examined it will'

appear that the majority of these fall within 75, and may not
be outside the range of the normal variations of the tribes.

The number beyond this figure may perhaps with greater justi-

fication be regarded as due to a broader-nosed strain, more
specially as among some of them the depression of the nasal
root, and a rather broad fiat nasal bridge were observed.

It is interesting to note that in all the four tribes by for

the larger number of persons possesses a straight nose. The
emphasis laid on hooked nose by Leitner, Biddulph, Ujfalvy
and other previous writers, as a characteristic trait of the phys-
iognomy of the people of this region has created the impression
as if the prevailing type wis so. The observations recorded
by me, however, show that the percentage of men with the tip
of nose slightly turned down does not exceed 27, and that of the
truly hooked nose is not more than 16, in any of the tribe. If
the two are combined, then the respective figures for the straight
and convex noses would be as follows :

—

Pathan. Red Kaffir. Kalash. Kho.

Straight nose . . 62 72 70 79
Convex nose . . 38 28 30 21

The dominant form among all the four groups would therefore
appear to be a straight-nosed leptorrhiny. There is, however, a
strain of aquiline-nosed people among both the Pathan and
the Kaffir tribes which is slightly less marked among the Khos
of the Chitral valley.

There is another character which requires some consideration,
namely the form and shape of the eye. While there is no
doubt that the vast majority among all the four groups have
horizontal and open round eyes, there is a small percentage
whose eyes are slanting and show distinct traces of the epicanthic
fold. The figures for the four tribes are shown in the following
table

^

Form of the Eye.

Tribe. Round and
horizontal.

Slanting.
Epicanthic

fold.

Pathan 90 10 8
Red Kaffir 96 4 3
Kalash 93 7 6
Kho 86 14 8

It is interesting that a small proportion of people also show
either complete absence or very slight development of hair on
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the lips and face. The Kalash disclose 8% of such people, the

Kho 6%, the Red Kaffir 3% and the Pathan 2%.
Taking all these factors into consideration therefore, we

may regard that among the Western group of tribes living in

the valleys of the Hindukush mountains a small (1) Mongoloid
strain is unmistakable. It is most noticeable among the Khos
and is least marked in the Red Kaffirs. Flat, broad nose and
short head, whose traces are present throughout in varying
proportions, I attribute to this strain. It may also be one of the

contributory factors to the lowering of the general stature of the

population. The presence of a large proportion of short people

must, however, be attributed to (2) another strain which seems
to underlie the entire Himalayan population and was probably
the primitive element, references to whose occupation of these

valleys occur in the traditions of most of the present tribes. I

agree with Prof. Fleure that this is a variant of what Eugen
Fischer calls the Oriental type characterized by a long head and
an aquiline nose. In addition, (3) it is clear that a tall long-headed

strain with straight nose, and (4) another with medium stature,

short head and a nose long but also inclined to be straight, must
be distinguished. The latter is the Pamiric race of Ujfalvy

and is undoubtedly a branch of what is commonly known as the

Dinaric race of Eastern Europe. Frhr. von Eickstedt is un-

doubtedly right in thinking that this race forms the dominant
element among the Khos of the Chitral Valley {Man in India,

6, pp. 244-45, 1926).

The common elements underlying all the four tribes as

disclosed by the values of the C.R.L., I attribute primarily as

due to the second and third racial strains. The comparatively

less close association of the Red Kaffirs with the other three

groups appears to be due to the predominance of the tall long-

headed strain among them which is not quite so marked in the

latter. To this extent I think the values of the C.R.L. may be

accepted as showing the correct alignment of these tribes, and
not fortuitous.

Pigmentation.

Differences in the skin colour of the Hindukush tribes from
those inhabiting the plains of India and the presence even of

blond individuals among them, have been reported by travellers

who visited these difficult valleys. Lcitner, who published the

measurements of two Red Kaffirs belonging to the Kati tribe,

noted the ruddy skin colour and hazel eyes of the one and the

reddish brown hair and hazel-grey eyes of the other (Dardistan

in 1866 and 1893, App. 5, pp. 1-6). Similarly, Biddulph
remarked (op. cit., p. 128) that the complexion of the Siah Posh
tribes, specially the Red Kaffirs of the Hindukush slopes, were
very fair. Ujfalvy (Les Aryens de VHindoukomh, 1896) also
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spoke of blonds among the Khos of Chitral. Robertson, who
had an intimate knowledge of Kaffiristan, observed light eyes and

fair hair among Presun children, and considered that about 1%
among the Red KafBirs had red hair (op, cit^ p. 170). He was of

the opinion however, that as a general rule the Kaffirs were less

fair than the upper classes of Chitral (op, cU.^ p. 169).

Systematic observations on the skin, eye and hair colours

of these tribes were first taken by Stein (Serindia 5, pp, 1387•SS,

1921), who followed the instructions given in the Notes and

Queries on Anthropology, but did not have any recognized

chromatic scale to compare with. The records of his observations

are given below :

—

Skin colour.

Tribes. Brown.
Yellowish
brown.

Rosy white.

Kaffir 22 nil 78

Khos of Chitral .

.

nil. nil. 100

Khos of Mastuj .

.

4 4(?) 93

Hair colour.

Tribes. Black. Dark brown.
Fair and
medium.

Kaffir 17 56 28
Khos of Chitral .

.

o 91 6(?)
Khos of Mastuj .

.

14 82 4

Eye colour.

Tribes.

Dark
(All shades
of black and

brown).

Medium
(Hazel and

green).

Light
(All shades
of blue and

grey).

Kaffir 11 61 28
Khos of Chitral .

.

91 9
Khos of Mastuj U 79 7

According to these figures, therefore, the majority of people
among all these tribes have a rosy-white skin colour, dark-
brown hair and hazel or green eyes. There are in ad^tion a
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distinctly blond element with blue and grey-blue eyes and
medium to fair hair, and a dark one with brown complexion,
black eyes and black hair. Among the Kaffirs both these two
strains are well marked, but the Khos appear to be overwhelm-
ingly of rosy-white skin colour, medium eyes and dark-brown
hair.

The observations recorded by me on integumentary colours
were obtained with the help of the standard scales of von
Luschan, Martin and Fischer. As is well known, these scales are
neither comprehensive nor quite satisfactory, specially the
chromatic scale of von Luschan. Greatest care, however, was
taken in matching the different shades in good daylight, and
though some of them were approximations and not of exact
correspondence, they have an advantage over visual impressions
unchecked by any objectiye standard.

The results of these observations arc summarized in the
following tables :

—

iSHn colour.

Tribe.
Dark
brown.

Brown. Light
brown.

Rosy
white.

Sallow
white.

Patiiaii 14 16 70
Kalasli 6 10 74 io
Kho 5 93 3

Rod Kallir 2 ii 63 5

£!i/e colour.

Tribe. Tffack.
Dark
brown

.

Jiight

brown.

Hazel
and

(Irey-

bluo ami
green. blue.

UaOiaii ]8 44 18 8 12

Kalasii 6 26 29 24 15

Kho 2 20 38 20 11

Red Kaffir 5 28 33 22 12

Hair colour.

Tribe. Black.
1

Dark
brown.

Light
bi*own.

Fair. Rod.

1

Pathan 40
i

37 11

Kalasli 53 17 12 .

.

Kho 23 1
43 32 2 1

Red Kaffir 51 7 ll 18 1

17
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Among the Red Kaffirs 12%, among the Kalaah 18%, and

among the Pathans 3% had grey Fiair.

It will be seen that while the above figures are in general

agreement with the results obtained from Stein’s observations

regarding the occurrence of a dark, medium and a blond element

among these people, the presence of a light-brown strain seems

to have escaped his notice. The respective proportions between

the various elements n^quire also some modifications, specially

his intermediate grou]) of medium-eyed people for which ho gives

a very high percentage. It is possible that the light-brown

and the hazel and greenish eyes were classed together in his

medium group, and a sufficient distinction was not made between

the light-brown and tlu* truly blond hair. It should also be

remembered that Sbdn’s records were made on very ^mall

samples, namely IK Kaffirs, 22 Khos of (Jhitral and 28 Khos of

Mastuj against 100 Red Kaffirs, 90 Khos from Chitral and 150

Khos from Mastuj and upper Chitral observed by me. Percent-

ages based on such small numbers, which can on no account

bo regarded as representative samples of the populations, are

apt to be misleading and must always be taken with reserve.

If now these observations on integumentary colours are

considered in the light of the metric data discussed above we
may regard the brown strain as due to the Oriental race whicdi

seems to be at th(j basis of the population of the entire region.

We have found this (dement to be strongest among the Pathans
where also the darker strain predominates. To the Mongoloid
race may probably have to be attributed the light yellowish brown
tint in the skin colour and in part also to black hair and dark-

brown colour of the iris found in many individuals. The lighter

skin, eye, and hair colours appear unmistakably to be due to

th(j rest of the two strains. As the truly blond with sallow whit(‘

skin, grey-bliu‘ eyes and fair hair is (jomparatively more marked
among the two Kaffir tribes, where also the tall long-headed
element is conspicuous, tlu'- conclusion seems unavoidable that-

blondness is more associated with this race. A rosy-white skin
colour with light-brown hair and medium eyes appears to be the
characteristic of the Dinaric type which is dominant among the
Khos of the C^hitral valleys.

To turn to the Eastern group, the Burusho live in the
(ixtremely difficult rugged valleys formed by the western ranges
of the Karakoram mountains, north of Gilgit, between Latitude
N. 36^-37" 10' and Longitude E. 7^ 10'-75" 40', in the States of
Hunza, Nagir and Yasin, in the last of which a variant form of
Biirushaski known as the Werchikwar is spoken. The total
nuralx3r ofthe Burusho of the Hunza and Nagir valleys as recorded
in the Census of 1931 is 20,813, and of the Werchikwar-speaking
Yasint^se 7,518, making a grand total of 28,331 persons (Lorimer,
op, ciL, 1

, pp. 38-47).
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Further south-east in the Upper Indus valleys live the Baltis,

the Brokpas (the highlander section of the Baltis), the Machnopa
and the Purigi. Of these the first and the last are now
Tibetanized in speech, but the Brokpas and the Machnopas still

retain their Dardic languages.

Leitner (op. cit., App. 5, pp. 1-7) was the first to publish

measurements on the Burusho of which one was from the Hunza
and five from the Nagir valleys. The Hunzukut was a dolicho

and the others were mesocephals. They were of medium stature

excepting Khudayar who was very tall (182 cm.) and had light

eyes. The nose was usually straight, but two had slightly

aquiline noses. Dixon, who visited the Burushaski (country in

1912, measured a series of 92 Burusho of the Hunza valley.

Morant has recently published (Journ. Roy. A nth. Inst., 66,

1936) statistical analysis of the measurements taken by Sir

Aurel Stein on 96 m(^n from the Hunza valley, but unfortunately

the value of his constants has been marred by his inclusion of 20

Wakhis in his sample who penetrated in the Herbcr valley in

recent years.

The measurements taken by Dainelli comprise 160 Baltis,

60 Brokpas, 60 Macihnopas and 50 Purigis. In Text-Fig. 5 the

values of the C.R.L. between the last four tribes are given. As

in the case of the Western group, nothing more is claimed for

these values than a possible indication of the true alignment of

these tribes. If the figures shown be not fortuitous due to the

inherent defects of the method, there is a probability of the first

three constituting random samples of the same population.



2(jo Pari IL Presidential Addresses. (14)

With the Puriei, however, the chances are somewhat less. Now

if the individSal characters are
J

seem that so far as stature is concerned (loxt-Fig. 6) the mam

S 1 AT U R fc

Fig. (),

distribution of the Burusho lies between 1626-1701 mm., 35%
of the jjeople being tall. Among the Dardic group on the

other hand, the main distribution lies between 1590-1690 mm.
with a small proportion of the tall (the percentage not exceeding

14 in the case of the Brokpas) but a large percentage of the short.
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Among the Purigi the pereentage of the latter is as high as 58,

in the Baltis 34, Maehriopas 26 and in the Brokpas 22. In other
words, the characteristic feature of the Dardic tribes, as was
also noticed in the western section, is short to medium stature,

the Burusho containing more of the taller element.

With regard to t,he head form, the mean value of the cephalic

index of the 92 Burusho measured by Dixon is 77’45±*26 and
that of the 75 measured by Stein is 79*3. Among Dixon’s
Burusho 35% were dolicho and only 14% brachycephalic. The
main distribution, as shown in Text-I’ig. 7, falls between 75-80.

Fig. 7.

The mean cephalic index of the Baltis measured by Dainelli is

75*69, of the Brokpa 75*89, Machnopa 76*92 and Purigi 75*32.

The main distribution of the Baltis falls between 74-78, that of

the Brokpfi 75-79, Machnopa 74-77 and Purigi 72-77. In all

these tribes there is an appreciable element of hyperdoli(!lu>cephals

and the dominant type is dolichocephalic, the percentages being

64 for the Purigi, 52 for the Balti, 49 for the Brokpa and 42 for

the Machnopa, among whom there is a small (8%) but distinctly
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brachycephalic strain. Compared to the Dardic tribes therefore,

the Burusho are broader headed.

In Text-Fig. 8, I have represented the distribution of the
nasal index of the 5 tribes from whieh it will appear that two
distinct types are represented. The leptorrhine type is dominant
among the Baltis, Brokpas and the Machnopas, but among the
Piirigi and the Burusho the prevailing type of nose is broader.

The percentage of the platyrrhine, however, is very small, being
only 8 among the Purigi and 12 among the Burusho. On
analysing the nasal form it appears that the mesorrhinic index
is not du(i to sbortc^r nasal leuf^h but rather to a greater breadth.

Among the Baltis, Brokpas and the Machnopa the mean nasal

height exceeds 52 mm. and among the Burusho and the Purigi

it is 51 mm. The mean nasal breadth, however, centres round
37 mm. in all the tribes.

To turn to the shape of the face, the mean morphological
height is 118*06 among the Burusho, 117 among the Balti, 118
among the Brokpa, 1 17 among the Machnopa and 118 among the
Purigi. It is therefore, considerably shorter than in any of the
tribes Ijelonging to the Western group, where the minimum mean
height is never below 121 mm. Bainelli did not measure the
bizygomatic diameter, but judging from his bimalar breadth the
shape of the face dws not appear to be longish but rather more
like that of the pear.

Materials concerning the non-metric characters of these
tribes avo very scanty, but from figures published by Biasutti
(Spediziove Italiana De Filippi NelV Himalaia, Caracorume
Tnrchestan Cinese—1913-14, 9. 227-32) it appears that supra-
orbital ridges were marked in 78% among the Machnopa, 45%
Brokpa, 40% Purigi and in only 20% Balti. In the rest they were
either feeble or entirely absent. The nasal bridge is usually
prominent but among 23*4% of the Balti, 12% Brokpa and
24% Purigi it tends to be flat.

The figures given for pilosity shows that in 21% of the
Balti, 26% Brokpa, 18% Machnopa and 44% Purigi, facial hair
is entirely absent, and among an equal proportion it is very
moderate.

From all these considerations it would appear that the basic
racial type is the same dolichocephalic strain with prominent
long nose, which was found to be underlying the population of
the Western valleys. Among the tribes of the Upper Indus
valleys it is very much stronger, specially the Machnopa. There
is no doubt that among the Burusho also this is the basic type.
We may consider therefore, that this variant of the Orientai
race is the dominant strain in the North-western Himalayas and
may be regarded as the characteristic type of this region. There
may also be a more primitive ancient layer of short-headed but
mesorrhinic population as Biasutti thinks, but I am inclined to
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the view that the undoubted Mongoloid strain present in these

tribes is responsible for raesorrhiny. Among tlie Western tribes

it appears very probably to be the contributory cause, and

if we consider in this connection the prevailing smoothness

of the forehead and the scantiness or ths entire absence of facial

hair in a large portion of the population, it is difficult to doubt

that the Mongoloid blood has entered considerably among the

population. Attention has already been drawn to the fact that

the increase in the nasal index observed among many of the

individuals in these tribes is due not so much to the shortness of

the nfisal height as to the increase in the nasal breadth, a

characteristic moTo observed among the Mongoloid races than

others, and lends further weight to the view of the Mongoloid

origin of mesorrhiny seen among an appreciable percentage^ of

these tribes. The closeness of the O.R.L. values between the

Dardic tribes therefore, is to be ascribed to the Oriental (dement-

which forms the underlying substratum among these tribes, and to

this extent, the probability of all four of them being random
samplesof the same population may justly be recognized. Tn addi-

tion to these types the Dinaric strain is clearly visible among the

Buruslio and to a lessf^r extent among the Dardic tribes, specially

the Machnopa. Finally the presence of the tall long-head(Ml

leptorrhine strain has also to be admitted, in parti(?ular among I ho

uf)fw^r classes though not in such a dominant form as among some
of i-he Western tribes.

Pigmentation,

The skin colour in the Dardic group is in general light

brown, but as Drew remarks, often light enough for the red to
show through it (the Jvm,mo and tJie Kashmir Terntorips,

pp. 423-24, 1875). Rosy-white skin colour and hazel eyes arc
not infrequent and as Biasutti notes, among the Baltis and tlu*

Macihnopas an appreciable percentage of people with medium
ey(‘8 are observed. In one individual belonging to the latter
tribe (No. 43 of the Dainelli’s list) blue eyes and light chestnut
hair was noticed (op. cit,, p, 191).

Among the Burusho the skin colour is lighter, and more
like that of the Western tribes. As early as 1880, Biddulph
remarked (op. ciU, y. 38) that the people in Hunza and Yasin
had ruddy complexion and fair and even red hair was not uncom-
mon. The presence of red-haired individuals among the Burusho
was also noticed by Ujfalvy (op. eit., 1896, pp. 258-59). Stein’s
records of the integumentary colours of the Burusho summarized
by Morant (op. cit, pp. 35-36) indicate that 94% of the people
had rosy-white skin colour, 5% brown and only 1% yellowish
tint. Among 35% of the people the colour of the eye was dark,
in 50% medium and in 15% light. In 76% the hair was black
but in 24% it was fair,
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As in the case of the Western tribes, T would ascribe the

darker element to the Oriental and the lighter medium strain

to the Dinaric races. The tnily fair or the blond element
appears more probably to be due to the tall long-headed race as

seen in the Kaffiri tribes.

From the foregoing review of the data available on the

physical characters of the Hindukush tribes the basic racial

strain appears to be a variant of the Oriental race described
before. I was at one time inclined to accept Biasutti’s suggestion

of a more primitive layer of a short, long-headed mesorrhinic

population, but a careful survey of the somatic traits of the

Western tribes has convinced me that tlie cause of mesorrhiny is

Mongoloid admixtun*. This seems also to be true in the Eastern
valleys. The ‘tipo-T)ardo ’ of Biasutti and the ‘ Dardic type ' of

Ujfalvy ‘ with faces like birds of prey and aquiline noses ’ is not
a separate strain but only an accentuated form of this basi(j

type. The darker skin colour and black eye and hair are

undoubtedly due to this race, though the Mongoloid strain which
has certainly entered in the population may also be a contributory

cause.

Besides this principal race we have in the North-western
Himalayan region the southern (extension of the Dinaric race.

Tn its strongest fonn it is found among the Khos and the
Bunishos, but it occurs also among the Dardic tribes. If the

records of the integumentary colours are considered it is difficult

to escape from the conclusion that it is essentially a race with
medium eyes and hair, but of light skin colour. The large

percentage of such people among the Khos and the Burusho is

largely due to this type.

It has undoubtedly spread from the Central Asiatic regions

around the Taklamakan desert where its presence has been
known from the earliest historical times, and among the tribes

of the Pamirs it is found in its present form.

The third and the last racial strain is the tall dolichocephalic

typ(^ with long but straight noses. There is no doubt that it

forms a very important layer in the population of the entire

region in both the Western and Eastern Dardic tribes. Its

presence in the upper classes of the Burusho also is undoubted.
Ariehs Kappers has shown (An Introduction to the Anthropology

of the Near Eas*^ pp. 94—125, 1934) after a careful survey of the

races of the Aral-Caspian regions that the characteristic of

the Caspian or the tall, long-headed race is the clustering of

the main peak around the values of 72-74 in the distribution

curve of the Cephalic index. In the Kaffir tribes of the

Hindukush, the Red Kaffir and the Kalash we notice the same
t(mdency. In stature, nasal form and the shape of the, face

also it is similar to the Aral-Caspian type and closely related to

the strain which forms the dominant element in the North
European race. Distinction mainly lies in the integumentary
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colours. Whereas in Sweden the blond type represents 49% of

the population and the brunette only 6%, the rest being inter-

modiati^ among the Kaffirs the former does not exceed 15%.
The late Prof. Dixon, whose knowledge of the racial ethnology

of the world has not be^en surpassed, was of the opinion that
‘ the original skin colour of this tall, long-headed race in the

steppe region of Eur-Asia was probably fair with brown hair and
hazel eyes but they had inherent in them a strong tendency
towards blondness, which whenever the conditions favoured
became more and more pronounced reaching its climax in the

Baltic regions ’ (The Racial History of Man, p. 48t, 1923). We
know that pigment is caused by two or more pair of genes with
at least one pair of genes for what are called colour activators.

A deficicn(\y mutation will suppress the appearance of pigment
producing the (condition known as blondness. It is certain that

in this race, and as well as at least in another, namely the East-

Baltic, this deficiency mutation must have occurred at some
time or other. The association of fair skin with dark hair and
eyes in the Oriental race, such as the Badakshis, and of hazel

eyes with dark hair, would seem to show that the three are not
linked characters, but that the deficiency mutations for akin, eye
and the hair occurred separately. The mutation for depig-

iTumtation of the skin colour probably occurred first, then that
of the eye and lastly that of the hair. In the Baltic tribes the
high rate of the deficiency mutation probably accounts for the
large percentage of the blond, but in the Western Himalayas the

activators were probably dominant over suppression causing

the general persistence of the more pigmented people.

What(»ver the explanation be, the blond type is certainly

to be attributed to the tall, long-headed race which has almost
entirely been eliminated in the tropical plains of India where
(jonditions did not favour its retention, though in the general
structure f)f the head and the body, the Kaffiri are not different

from the Bunjabi, and the Punjabi from the North-European
as Eugen Fischer recognized long ago.

In sum, we have three distinct strains in the racial com-
position of the Hindukush tribes, namely a dark Oriental type
forming the basis, a short-headed intermediate, and a tall, long-
lieaded fair race constituting the apex of the population with a
certain amount of Mongoloid admixture specially in the Eastern
section. The proportions of the three vary in different parts

;

those of the last two being stronger in the Western valleys
whereas the basic Oriental and the Mongoloid being more
conspicuous in the Eastern territories drained by the Upper
Indus.
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Whole Sugarcane plant in front of a Bamboo clump.
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I. Introduction.

Artificial hybridization in the genus Saccharum has, in the

past, been carried on mainly with the object of breeding improved
types of sugarcanes for commercial use. Being generally pro-

pagated through vegetative means from cuttings the flower
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and the wsed of the sugarcane received but scant attention till

the possibility of employing sexual reproduction for breeding

iuif)] oved types was discovered. Since then, however, the raising

of canes from seed has been widely resorted to in all sugar-

cane countries where the canes flower and set seed owing to

the quick and tangible results therefrom.

The observations herein recorded are based on a quarter

(icnturv of rather intensive cane breeding at Coimbatore employ-

ing literally hundreds of parents belonging to at least six different

species of Saccharum and four genera—two of them widely

separated from Saccharum in taxonomic position and mor-
phologi(jal characters. The work at Coimbatore represents the

first attempt in the sugarcane world at improving the sub-

tropical types of canes and the parents employed for hybridizj.-

tion have had to be wider than in most other countries because

of special features associated with the type of cane and growth
conditions of the Indian sugarcane area.

IT. The Genus Saccharum,

Taxonmaic position,

Andropoqoime,—Both according to Hackel (1887) and
Benthani and Hooker (1883) the genus Saccharum is placcul in

the Trilxi Andropogonem, Both these classifications are based
mainly on morphological characters and though it is not definitely

stated so, yet the Andropogonem would appear to have been
considenjd to occupy a less primitive position than other tribes

like the Bambuseoe., Recent taxonomic work on the grasses of

the world by Bews (1929) and Hitchock (1935), based on both
morphological and ecological characters, also places the tribe

Avxlropogonece among the more evolved forms as compared to

the primitive Bambusece and Festuceoe.

The tribe Andropogonece is confined almost entirely to

tropical and sub-tropical regions and includes a large number
of plants of economic importance such as the edible and fodder
Sorghums, the Sugarcafies, various essential oil grasses like the
Cymbopogon and Vetiveria, and certain tha' ching grasses.

Saccharinece,—The sub-tribe Saccharineoe to which the
genus Saedharum belongs is considered to be fairly primitive
*among the Andropogonece by Bews. Like many other genera
the genus Saccharum has been occasionally revised, certain
species being added to or taken away from it by various syste-

matists. Dr. Jesweit (1927), for instance, took away Saccharum
arundimeeum from the genus and placed it under Erianthm,
Ai. Kew, however, Erianthus arund^inaceous still continues as
S. arundimeeum,

Saccharum',—^The genus Saccharum consists of erect perennial
tall lierbs with usually solid stems. The leaves vary both iii
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length and in width, thoHe of certain S, spmdaneums (jorisisting

practically of the mid ribs alone. The greatest width of lamina
is found in the cultivated forms of S, officmarurn particularly in

the thick class of sugarcaries where widths of over 3^ inches are

found. The inflorescences consist of large terminal panicles of

racemes often showy with the rhachis articulate and fragile
;

those of S, sporUaneum are generally smaller than those of the
cultivated species. Fairly detailed descriptions are available of

the cultivated types of Saccharum, but these an? often based only

on the vegetative characters as the cultivated cane is gerxerally

propagated from stems or cuttings and the crop is cut without
any reference to its flowering.

The genus is of economic importance as it includes the cul-

tivated types of sugarcane which vary a great d(5al amongst
themselves both in morphological (characters and in the condi-

tions under which they grow, ft supplies an agreceable and
important article of food and keeps going an important world
industry.

The Wild Saccharum—hahitat and range offorms.

There would appear to exist two different races of wild

Saccharuma both of which arc confined practically to South-

East Asia—^India, Burma, the Islands of the Eastern Artchipelago

and New Guinea. Of these, the type represented by S, robustum

was recently collected from the islands of New Guinea by
Brs. Brandes and Jesweit (1928). Types of S, sponta>mum
have a much wider range being found from as far west as Central

Turkestan and Afghanistan to as far east as Malonesia and the

Tawaiian islands.

S, robustum,—^The members of the S, robustum group have a

family resemblance amongst themselves and are on ilio whole
thicker stemmed and broader leafed than the S. sj^ontaneum

group. In breeding they have been found to possess a closcu*

affinity with the ‘ noble ’ or thick class of canes. When crossicd

with ‘ noble ’ canes they yield hybrids of the same type
;
the

type changes appreciably when the ‘ noble ’ canes are (crossed

with 8. spontaneum.

The 8 , spontaneum group bears a close affinity to certain

Indian canes, particularly 8, barberi. The high juice qualities,

however, of 8. barberi at harvest—^in contrast with the marked
juice impurities associated with 8, spontaneum and its progenies

including hybrids—^is perhaps indicative of a fairly wide inter-

generic cross with 8, spontaneufn in the evolution of 8, barberi.

Results of intergeneric crosses to be referred to later in this

paper support such a possibility ;
certain of the Sugarcane x

Sorghum hybrids have shown very high juice qualities.

There exists a very wide range of forms in this group which

differ widely in morphological, physiological and field characters
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as well as in sugar contents. Members of this group occur in

the wild state throughout India and are found growing wild in

places that are liable both to severe drought in summer and
flooding during rains. They are at home on river banks and
tank beds which dry up in summer.

The Cultivated Saccharum {Sugarcane)—distribution

and types.

The sugajcancs in cultivation are divisible into two main
groups, perhaps, originally derived from the two wild races

previously mentioned, viz., S, sponlaneum and S. robustutn.

The two types show in cultivation markedly different agricultural

characteristics, the Indian indigenous canes related to S, spon-

taneum being on the whole hardier than the thick class of cartes.

On account of their comparative low yields and the fact that

India does not figure in the sugar markets of the world—not

being an exporting country—the Indian canes were but little

known, till recently, in sugarcane literature.

The Indian canes,—Unlike most types, denot(^d by tlie term
‘ sugarcane ' as ordinarily understood in the sugar world, the

Indian canes are mostly confined to the sub-tropicjal areas of

India. Most of them are fairly resistant to violent changes in

climatic conditions and some of them to frost as well. Growing
as they do in sub-tropical India tlu'y get but a cjomparatively

short period of growth—perhaps six months—being limited in

the early stages by severe summer and in the later stages by
frost.

One. of the countries which is fairly similar to sub-tropical

India in growth conditions is South Afri(;a where also the ‘ Uba '

cane very similar to one group of canes grown in North India

—

the Pansahi group—has been widely eultivated and is now
getting replaced by certain Coimbatore productions. The
severe growth conditions of sub-tropical India hav(^ established

types which though poor in tonnage yet possess certain valuable

(5haract(*rs such as hardiness and disease resistance. Java
was the first country to utilize one of these types—Chan or

Chunuee of the United Provinces^—to breed canes resistant to
‘ sereh

‘ Noble ’ or Tropical canes.—The other group of cultivated

canes is the one on which the sugar industries of the tropical

world have been built. They are generally designated by the

term ‘ noble ’ and, on the whole, are thicker stemmed and
broader leafed than the first group. They generally need a
longer period for full growth, show their best performance under
tropical conditions and respond satisfactorily to good treatment.
The record sugar yields in this crop have been from this class

of canes. They are, however, less hardy than the first group,
less tolerant to adverse conditions and generally more liable



(5) Section IX, Agriculture. 271

to diseases. In the number of types in cultivation they arc

larger as, till the starting of the Coimbatore work, all intensive

work on sugaroanes was confined practically to this class. The
discovery of the viability of sugarcane seed—^almost simul-

taneously in Java and Barbados in 1887-88—was from this tyi)e

of canes. These are generally brighter coloured than the first

group and are, on the whole, softer, more juicy, and possess

less fibre
; as a class they possess a shallower root system

.

Species of Saccharum—their chief characteristics.

The genus Saccharum includes, beside others, six well

defined species all closely related to the cultivated sugarcanes

and with which they have been crossed as well. Their chief

characteristics and distribution are given below :

—

Saccharum spontaneum :—^The tyi)es included in this species

comprise a wide range of forms some of them inconspicuous

plants with very narrow laminas to others growing to a height

of 10 to 15 feet and not very dissimilar to the more primitive

of the Indian canes. They are generally (diaracterized by high
fibre, markedly impure juices with very low sugar contents

and ability to grow under extreme conditions including drought,

water-logging, and frost. These a3’c never cultivated for sugar.

Types of this species occurring in India and the Eastern Archi-

pelago have been studied in some detail at the Java and
Coimbatore stations. The common eJava type which is different

from the main Coimbatore form in agricultural diaracters has
been employed in the breeding of most of the recjcnt popular

Java canes and the mosaic resistance ofsome of theiri is attributed

to this parentage. Himilarly, one of the Coimbatore typers

enters into the parentage of all the Coimbatore seedlings found
useful in cultivation.

The extent of variation in the forms of S. spmitaneMm
in parts of India will be evident from the fact that a somewhat
cursory collection of such types undertaken in a portion of

Bihar in 1933-34 by B. Thomas yielded as many as eight dist inct

types differing in various morphological characters such as leaf

width, stem thickness, size of plant and even depth and mode
of branching of root system. In sugar contents they showed
variation from 0*5 per cent, in juice to 17 per cent., the latter

figure being higher than that of some of the Indian canes. The
fact that such widely varying typers exist in parts of India even

to this day is perhaps indicative of certain of them being the

primary centres (or centres of origin) for this species. The
survey of S. spontaneum, types in the country is being undertaken

from Coimbatore as oc(?asion permits, but there is little doubt

that a well organized and thorough survey of such forms will

yield very interesting results.
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Saccharum harberi :— group of canes rather similar to

*S\ sjmitaneurn in (jontaining high fibre presence of the IV glume
in the spikelets and ability to grow under comparatively unfavour-
able conditions has been plac^ed in this species by Dr. Jesweit.

They in(dude a range of types not quite so wide as those included

in the former species (*S\ spontaneum). The cultivation of this

species for commercial sugar produ(dion is confined entirely

to sub-tropi(*al India and the species includes well known varieties

like Katha and its allies in the Punjab, Chan or Chunnee and
Saretha in the United Provinces and a few types of not much
agricultural importance in Bihar.

Types of this spt^cies are found as far south as Madras
being represented in Bombay by the variety Khalkya and in

Madras by Hullu Kabbu. These canes arrow and set seed

freely and possess an abundan(;e of fertile pollen. The ChuAnee
used by Dr. Kobus of Java to breed ‘ sereh ’ resistant canes
belongs to this species. This species and seedlings raised from
them are prone to smut—a character which occasionally appears
even in its hybrids. This is perhaps the most primitive of the
Indian canes.

Saedmrum sinense :—This includes a group of canes thicker

and softer than S. harberi and does not at present possess much
commercial value in India. It was partly used for chewing
in sub-tropical India where it was liked for the purpose as
being soft(3r than canes of the S. harberi species. The canes
ol* this species need more water, possess broader leaves than
S. harberi, and are su8(;cptible to both mosaic and rod rot. Th(\y
show distinctly higher glucose than S. harberi. These canes
arc rclat/cd to the canes which were formerly cultivated in Japan
and to the well known ‘ Uba ’ of Natal. In floral (diaracteristi(;s

they ri^semble both S. spontuneum and S. harberi in })ossessing
th(i IV glume, though there are differences in minor charactc^rs
Is^tween them. Tlu^y flower freely but do not develop fertile?

pollen.

It is possible? that this species might have originated either
in the Eastern parts of India or in countries further Eastwards.

The ‘ Mungo ’ and other canes :—Before passing to othe?r
species of Saccfuirum, mention needs to be made of certain
groups of Indian canes that- cannot be definitely placed in any
of the above species.

Of such the most important is the ‘ Mungo ’ group of Dr.
Barber which once had its representatives throughout the sub-
tropical Indian belt from the Punjab in the west to as far east
as Bengal. Though short in growth and of comparatively
poor tonnage, it held till recently a dominant position oii

account of its excellent habit, high juice quality, uniformity
of (?anes at harvest, and a general resistance to adverse conditions.
These canes are typically short noded and in morphological and
field characters suggest a distant resemblance to the ‘ Creole

’
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cane. The chromosome number in the Creole is 81 (somatic)

and in the Mungo group 82. Dr. Bremer has suggested that

the Creole which is similar to the Indian cane Puri may Ik'

a hybrid between a member of the Mungo group and 8, qffici-

narum. These canes are generally late maturing.

They do not generally flower even under Coimbatore
conditions where, very rarely, arrows half emerged from their

sheaths occur perhaps once in a decade. They are also marked-
ly defective in the floral organs. In the possession of

ciliated lodicules they are nearer to 8. spontaneum than either

8. harheri or 8, ainense though in general field characters

8, harheri is nearer to 8. spontaneum. The floral parts show
c;ertain rather primitive charack^rs and it is possible that further

work might indicate this to have been a fairly ancient group
of canes in India. Certain of the varieties in this group
show an awned IV glume, one of the characteristics of the Sugar-

cane X Sorghum hybrids. The white sugar industry of Bihar

—

once almost the only such industry in India—was for a long

time dependent upon this group of canes. These canes stand
out as a distinct class but have not received sufficient attention

because of their non-arrowing.
A second group of such canes is that represented by the

‘ Nargori ’ group of Dr. Barber. Most of these are fairly resistant

to water-logging and possess a markedly erect habit with promi-
nent swollen nodes. This group is confined practically to water-
logged areas in Bihar, but is steadily losing hold on cultivation

from the easy superiority of recent introductions. These
varieties do not flower generally and even if they do, are defective

in sexual organs. It has not, therefore, been possible to employ
t»hia group in sugarcane breeding.

There is a third group—the Sunnaballe group of Dr. Barber

—

the members of which are found in cultivation throughout India.

These are represented by Dhaulu in the Punjab, Khadya in

Bombay, Nanai in Madras and Majora and a few others in Assam.
This group of canes is often liked for its satisfactory juice qualities

and the erect habit of growth. These canes also do not generally

flower and have, therefore, not been used in breeding. They
are liable to smut and are fairly hardrinded as well.

The canes above mentioned—^while perhaps allied to 8.

spontaneum, 8, harheri and 8, ainense in some respects—^are

not definitely placeable in any of the above because of certain

important differences in vegetative and field characters. While
it is not possible to trace their origin with much definiteness,

there is every possibility that they may have originated from
the above species of Saccharum by natural hybridization either

between themselves or perhaps even with other genera. The
results of certain recent hybridization at Coimbatore indicate

a distinct possibility of other genera also being involved. It

18
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is worthy of note that the above three groups do not generally

flower and, even if they do, are defective in sexual organs.

Saccharum rohustum :
—^This species is of recent discovery

being a collection from the islands ofNew Guinea by Drs. Brandes
and J(isweit and has not yet been fully described. It is very

similar to S, officinarum in morphological characters and has

been found useful both in Australia and in Hawaii for breeding

seedlings of the thick or noble type. It resembles 8, officinarum

in the glabrousness of the main rhachis of the inflorescence

and the absence of the IV glume.

Saccharum officinarum^ :

—
^This includes at present, at any

rate, all the cultivated canes of the tropical world. This species

has been exploited to the flillest extent—both by raising canes

from seed and by hybridization—^to secure better commercial
types for cultivation. In recent years this species has been
widely crossed with others, particularly 8, spontaneum, 8,

fxirberi, and 8, rohustum with the result that it is not fair to

place the newer commercial canes under this species.

The varieties in this species are generally confined to the

tropicus, are thicker than the species enumerated above and,

on the whole, are more susceptible to adverse conditions, diseases

and pests. The glabrousness of the main rhachis and the absence

of the IV glume separates it from 8. spontaneum, 8, harberi,

and 8, sinense and renders it akin to 8, rohustum,

Saccharum arundinaceum :
—

^This species was for a long time
under Saccharum^ but was recently placed under Erianthus

by Dr. Jesweit on account of its distinctly shorter callous hairs

(shorter than the spikelets), the absence of defined transverse

marks in the leaf, and the marked felt of hairs at the base

of the lamina inside and above the ligule. To this might l)e

added another distinct character, viz., that the root eyes on the

stem are generally in one single row in 8. arundinaceum unlike

the 3 to 6 rows of the other species of Saccharum,
This species is often grown as a hedge plant round betel

leaf gardens in South India. It has practically no sugar, arrows
fairly freely and has been crossed with 8. officinarum. If it is

a Saccharum, it is perhaps the largest form being larger than
8, rohustum under Coimbatore conditions. Unlike most cultivated
species of Saccharum in which the canes die out each season, they
have been known to live for over two years in this sjKJcies.

III. Inheritance in Saccharum,

Variation,

One of the facts first noticed after the discovery of the
viability of the sugarcane seed was the very wide range of forms
resulting from the same parent even when the needed precautions
are taken against cross pollination with other varieties. The
explanation for such behaviour is the heterozygous nature
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of the^ parents and the fact that most sugarc^anes in cultivation

are polyploids—^the species S, officinarum being octoploid.

The economic results resulting from the raising of seed canes
have been so pronounced and the needs of the sugar industry
so urgent and insistent that most sugarcane breeding stations

have gone in largely for economic results unmindful of the

scientific explanations behind the production of these types.

Nor can I visualize in the near future a time when siudi

work will be taken up as a main item in the sugarcane stations

of the world. The problems associated with the inhcritan(;e

of characters in sugarcane would fit in better with the atmosphere
of universities engaged in work of a(;ademic nature or as but
side lines in the existing breeding stations. Such work is likely

to be long in duration but there is little doubt that ultimately

it will be needed to place sugarcane breeding in line with that

of other crops. It may perhaps receive duo attention when
the economic results that now follow from cane breedig become
scarce and work of the fundamental nature is indicated. The
extent of variation will be apparent from the fact that a popula-
tion of over 2,000 seedlings from practi(;ally selfod flowers of a
striped cane at Coimbatore did not reveal any two which were
(^ven similar when examined in some detail. In spite of this

wide variation, however, there is evident a kind of family

rc^somblance in seedlings raised from the same species or even
variety, indicating that characters are inherited in the sugarcanes,

though their nature is veiled and modified by other factors.

In-breeding.

As compared with most other cro])s there has been vc'ry

littl(‘ * in-breeding ’ in the sugarcane and this for a variety

of n^asons. Firstly, the sugarcane plant is grown for its vegeta-

tive part which is milled for sugar production. As it is also

propagated by vegetative means in ordinary cmltivation the

inflorescenc^e is only an incidence of minor importance in the

growing of sugarcanes. Secondly, the wide variation that is

observed in seedlings from seeds ofeven the same infloresconcic has

naturally made sugarcjane breeders averse to propagate their

material from seed. Thirdly, in the absence of any apparent laws

governing inheritance it does seem unprofitable to self each
individual of such large populations as are usual in sugarcane

breeding.

The opinion has been held in certain quarters that even
in sugarcanes in-breoding is worth attempting either to eliminate

undesirable charac.ters or in the interests of science. At present,

however, the breeding of improved types by a suitable combina-

tion of various parents is so much quicker in economical results

that in-breeding is not likely to be taken up in the near future

for this purpose. In fact, recently the Experiment Station
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in Hawaii indulged in a somewhat unique experiment by planting

in close proximity to one another different canes from all parts

of the world—India, China, Australia, Java, New Guinea and
the islands of the South Seas—^with the deliberate intention

of working into the parentage as many canes as possible. In

such a medley of varieties all arrowing together there was every

possibility, as it was deliberately intended, of pollen from different

cane varieties settling on the same mother arrow and even on the

same stigmas.

There have been certain rather interesting examples of
‘ in -breeding ’ at Coimbatore. One such was the raising of

seedlings on a large scale from pi a(5ti(;ally selfed arrows of canes

belonging to the species S, barberi. It was found that none
of the productions were real improvements on the parents

and, barring one out of 1
,
800

,
the seedlings were inferior to t^e

parents in growth vigour. A hybrid between the noble cane

Vellai and the Coimbatore S, spontaneum was selfed for two
generations without obtaining canes superior to the Fj hybrid

in field characters, but there was a distinct improvement in sugar

content when the selection from each generation was made on
this basis. There was a third instance of continuous in-breeding

at (^^oimbatore and this was from a hybrid which was originally

obtained through a rathcT complicated crossing between a
Mauritius cane, an Indian indigenous cane (S. barberi) and S,

spontaneum, Selfed for one generation a type was obtaiiuid

whi(;h, though inferior to the original yiarent in vegetative

vigour, proved distim^tly suix’rior to it in both early maturity
and high juice quality, two characters for whi(*h the original

cane was selo(;ted.

The above are indi(?ative of the jiossiblc utilities of ‘ in-

breeding ’ in the suganianc. On Coimbatore experience its (thief

value is likely to be in a(;c(^ntuating certain characters in the
now productions. The loss of vegetative vigour that is oft(*n

associated with it would necessitate a futhcr hybridization witli

suitable tyjies to improve the growth vigour.

IV. Hybridization in Saccharum,

The results from ‘ in-breeding ’ proving so limited there is

little wond(‘r that most suganianc breeding stations of the world
turned their attention to hybridization between varieties,

between species, and even between genera for obtaining economic
results. This has rendered available for study large numbers
of hybrids of fairly compli(;ated ancestry, sometimes involving
three different species of Saccharum.

Defectwe material.

The available material is, however, defective in the under-
mentioned respects. On account of the smallness and delicacy
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T'he jjenus Sacrharvm has boon wj(Joly crossod resulting in different

types of hybrids. It has been erosaed with

(1) S. ortieinariim, (4) S. narenga, (7) Sorghum Diirra stapf

(2) S. barberi, (o) S. arundmaeoum, (8) S. robustum,
(3) S. spoiltaneurn, (6) S. haleponso, (9) Bainbusa arimdinacea

Willd.
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of the floral HtructurcH in the sugarcane and the inhibitory eifect

of bagging on seed setting both emasculation and selfing have
been but little practised in the breeding of commercial types.
As a result of this, while the mother parent is known, the polli-

nating parent is often not so certain as there often exists the
possibility of other unintended pollen reaching the stigmas.

As the propagation of sugarcanes in cultivation is through
vegetative methods the breeder is often liable to fasten his

whole attention on the commercially useful types with the
result that generally there has been no serious attempt at a study
of the whole population resulting from a combination. All the
seedlings of the generation do not flower and, even if they do,

are sometimes defective in one or the other of the sexual organs.

Though thus the material does not often lend itself to

accurate conclusions, yet it is generally capable of yielding very
useful indications in the matter of inheritance. While all the

seedlings of an Fj generation may not be from the parents

employed, yet the bulk ofthem are.

V. Intervarietal Hybrids.

Hybridization between different varieties belonging to the

same species has been more or less conflned to S, officinarum.

The largest amount ofwork in this line with useful results has been
from tropical countries like Java, Hawaii, Mauritius, and the

West Indian islands Barbados, Porto Rico and others. Such
hybridization yields seedlings of the same class as 8. officinarum

but with useful differences in the matter of fleld characters which
render them superior to existing types.

Intervarietal hybridization in 8, barheri was not seriously

attemjited because of the poor class of seedlings resulting from
this group when selfed. The 8, sinense group does not lend

itself to such work because of the defective floral organs in that

species. The Mungo, Sunnaballe and Nargori groups of canes

either do not flower or are highly defective in the floral organs

and so such work is ruled out in these canes.

A fair amount of work on intervarietal crossing in 8. spon-

taneum is in progress at Coimbatore with the main object of

understanding the cytogenetic composition of the genus

8accharuni, Intervarietal crossing in the other species has not

been much in vogue.

VI. Interspecific Hybrids.

Interspecific hybridization in the genus 8accharum started

in Java for producing disease resistant canes. Coimbatore

had to take this line of hybridization practically from its inception

in 1912 as it was found that breeding inside the species, be it

8,officinarum or 8, barheri, did not yield suitable types for the
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main sugarcane belt of India situated in the Sub-tropics. Tt

was early found at Coimbatore that even interspecific hybrid! •

zation between S. officinarum and 8. harheri (the indigenous

canes of India) did not yield the desired result.

Faced with such a situation and the need for quick results,

(Coimbatore turned its attention very eirly to the raising of

interspecific hybrids between 8, officinarum and 8. spontaneum
(the Coimbatore form) and it is a record in sugarcane breeding

that among the first forty seedlings of such hybridization (Vellai

X 8. spontaneum) a seedling of commercial value (Co. 205)

should have been obtained. The success of this hybrid was a

definite and clear indication of the somewhat extremely unfavour-

able conditions obtaining in parts of the Indian sugarcane

area and there was no further hesitation at Coimbator^ to

utilize 8. spontaneum in its breeding programme and the

subsequent seedlings now popular in India have in their ancestry

8. sponMnpMw. suitably blended with both 8. offiicinarum and
8. harberi.

In interspecific hybridization with 8. spontaneum as one

of the parents—and it is generally the pollinating parent—the

generation shows a general dominance of 8. spontaneum. characters

which exhibit themselves particularly in growth vigour, hardiness,

and resistance to adverse conditions. In hybrids with 8.

officinarum the 8. spontaneum blood is often traceable in the

presence of the TV glume in the spikelets. The Fj generation

shows obvious 8. spontuneum field characters even when the

intergeneric hybrids between 8accharum and 8orghum arc crossed

with 8. spon.Uine.um, As a parent, 8, sjiontaneum introduces

marked impurities in the juice and it is for this reason that such
hybrids need further crossing with 8, officinarum.—what is

termed ‘ nobilization ’ by the Java breeders—to ultimately

secure (he economic types.

8, rohustum has been known to introduce greater vigour
of growth when crossed with 8, officinarum. 8. arundinaceum is a
perennial as grown in South India and one hybrid raised with
8. officinarum as mother is showing the perennial cliaracter

in the hybrid.

The sugarcane world is taking more and more to such
interspecific hybrids bringing into the parentage different species

of wild 8acc.harum. and this has been fully justified. Both Java
and Coimbatore have materially benefited from the use of 8.

spontaneum. and Hawaii and Australia are now using 8. rohustum
for a similar purpose and for breeding hardier seedling canes
for tropical regions.

VII. Intergenbbio Hybrids.

The disparity in morphological characters and distance
in taxonomic po'^ition between 8accharum and the genera with
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(After Bews)

The disparity in morphological characters and distance in taxonomic

position between* iSacc^arwm and the genera with which it has been crossed

is greater than in the case of the other intergeneric hybrids recorded

hitherto.



280 Part II, Presidential Addresses. (14)

which it has been crossed is greater than in the case of the other

intergeneric hybrids recorded hitherto. It has been possible

to cross Saccharum not only with other genera like Narenga
(Narenga narenga), Erianthus (Erianthus sara) and Sorghum
(8. Durra, stapf. S. halepense, 8. sudanense, 8. guineese) but

also with a genus belonging to a different sub-family Bamhusa.
Besides these, there are two other genera with which it would
appear possible that Saccharum has been successfully crossed

at Coimbatore. Further evidence is awaited before making
definite announcements about them.

Hybrids with Sorghum and Bamboo.

The two intergeneric hybrids recently produced at Coim-
batore—viz. with Sorghum and Bamhusa—^were effected witli the

definite object of securing a wide range of variation in the Fi and
introducing, if possible, new characters that might be useful in the

further evolution of economic sugarcane seedlings. The Sorghum.

cross was made to introduce a shorter life yyele than that in

the sugarcane which occupies the land from 12 to even 24 months.
Sorghum is a 4 to 6 months crop. Sugarcane types maturing
in about 7 months from time of planting have been obtained.

Some of these have shown high quality juices in spite of the

Sorghum parentage and, what is more important from the*

agricultural view point, they are further showing ability to

stand in the field without appreciable deterioration for fairly

long periods after attaining maturity, in some eases even to

as long as 4 months. The economic; types secnired from this

hybridization have, however, been disappointing in their growth
vigour.

Hybridization with the bamboo was attempted to introduce

greater vigour, if possible, not only in the interspecific Saccharum
hybrids but also in the comparatively early maturing Sugarcane
X Sorghum hybrids. Bamboo hybridization was successfully

done only in December 1936 and the first batch have not yet
finished their full year life cycle. They are showing satisfactory

growth vigour but it is too early to predict the possible economic
results.

Dominance of Saccharum characters.

The intergeneric hybrids above mentioned have shown
some rather interesting phenomena with regard to the manner
in which the characters are shown in the F^ generation and trans-

mitted in further back crosses with either parent. In both the
Sorghum and Bamboo hybrids with sugarcane, the one fact

that stands out prominently is the general dominance of Saccha-
rum characters in the Fj. This is of great practical value to the
sugarcane breeder who multiplies his improved canes by vege-
tative means. In the case of Scbccharum-Sorghum hybrids
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the general dominance of Sacchirum characters was found
to persist even after twice back crossing the hybrids with their

SorgMim parent.

Appearance of new characters.

Certain of the Sorghum hybrids exhibit characters not found
in either parent ; some of them carry leaves much thicker
than either the sugarcane or the Sorghum parent and reminding
one of the fleshy leaves of Crinum. Such characters get empha-
sized in further back crosses with Sorghum. Both the inter-

generic hybrids above mentioned have also shown a very large

number of abnormalities in stem, bud, leaf and the floral organs
such as distorted, flattened or abnormal stems, double and
multiple buds, partial suppression of lamina, forked leaves,

multiple ovaries and multiple stigmas.

The Saccharum-Sorghum hybrids were mostly infertile

in their first generation. On further vegetative propagation,

however, some of them are showing an increasing fertility in the

sexual organs with the result that, whereas in the earlier years

no seeds could be obtained from them, it has since been possible

to raise seedlings in large numbers from some of them and also

back cross them with the two parents.

VIII. PBCtrLiARiTiES OF Soccharum Hybrids.

Distribution of parental characters.

As already mentioned, the first characteristic noticed

in the growing of sugarcane from seed is the very wide variation

even in selfed seedlings in all characters, the root system, the

stem, the leaf and its appendages and in sugar contents, the

character for which this genus is cultivated.

This variation shows itself in a rather interesting manner
in the hybrids. Taking as an example, the intergeneric*

hybrids between the sugarcane (P.O.J. 213) and the bamboo
(B, arundinacea), the bamboo characters are found distribute^d

in the various F^ plants. Certain of them, for instance, show
the early branching (characteristic of the bamboo), others the

central cavity in the stem, yet others the ascending root eyes

of the bamboo and so on. It has to be remembered that this

behaviour has a very important bearing on the production

of useful sugarcane types through hybridization. When this

hybridization was first announced, one of the fears repeatedly

expressed was that the hybrids may prove as hard as the bamboo
and hence difficult to crush. The behaviour above described

would ensure that, even if the extreme rind hardness of the

bamboo is inherited, it is likely to show itself only in certain

of the hybrids. If, therefore, the Fj generation is raised in large

numbers there is every chance of getting some without the

bamboo hardness. The vegetative propagation in the present
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case would again ensure that the bamboo hardness does not

appear in the subsequent crop.

Difficulty to repeat types.

The second characteristic is the difficulty experienced in

resynthesizing or rebuilding an improved cane that has once

been obtained. This is deduceable from the variation already

mentioned, but is perhaps worth illustrating in some detail.

During the season 1916 forty plants of the Fj generation

(Vellai X 8. spontaneum) yielded in Co. 205 a cane of commercial

value which it was possible to put straight into cultivation.

This identical cross was repeated for at least four years and many
thousands of seedlings of F^ generation raised without being

able either to reproduce or improve on Co. 205. Not only that

;

this Fj hybrid was selfed for two successive generations and
again many seedlings raised without being able to reproduce

or improve upon the cane. A cane of the same type, but easily

superior to it in many respects, was, however, secured in a some-
what roundabout way and by a complicated hybridization

involving two canes of the thick or noble type and twice using

Saccharum spontaneum. This is mentioned as illustrative of the

large amount of chance or, as it has been called, the ‘ hit and miss
’

that is associated with the securing of results in sugarcane

breeding.

Absence of segregation,

A third characteristic is the general absence of well-defined

segregation of characters in Saccharum hybrids. This is attri-

buted to certain unusual phenomena connected with the division

and pairing of chromosomes yielding what are termed ‘ amphi-
diploids ’ or ‘ constant hybrids Even after carrying the
process to more than three generations, types resembling the
original parents have not been obtained.

Hybrid fertility.

Yet another peculiar characteristic of sugarcane hybrids
is the absence of sterility among most interspecific hybrids.

Even in the case of intergeneric hybrids it has been found that
though the F^ plants do exhibit sterility in the first year some of
them produce fertile pollen after further vegetative propagation
from cuttings and set seed freely.

Chromosome behaviour.

Fifthly, the chromosome behaviour in Saccharum presents
certain rather unusual features. Dr. G. Bremer of Java was
the first to work out the cytology of the sugarcanes. With
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funds from the Imperial Council of Agricultural Research,
somewhat intensive work on the subject has been in progress at
Coimbatore under a special officer, Dr. E. K. Janaki Ammal,
for the last three years. Properly controlled crosses have been
made and are being studied and various interesting features

associated with meiosis in the Saccharura are revealing themselves.
This work is throwing light on the origin and distribution of
S, spontaneum types, the probable origin of (?ertain Indian
canes and similar problems. The large numbers associated
with Saccharum chromosomes—^particularly in the later seedlings—^render the work both difficult and time consuming. A fund
of knowledge is waiting to be revealed when, besides the number,
the study of chromosome morphology advances further than
at present.

IX. Economic and other Results.

There can be little doubt about the material benefits derived

by the Sugar Industry of the world from hybridization in the
genus Saccharuyn, both intervarietal and interspecific. The
wide variations found in seedlings from the same parent—whi(;h

are accentuated by hybridization—has supplied the Sugarcane
Breeder with large numbers of new types. This has rendered

the elimination and selection from such a variety of forms
the prime work of the Sugarcane Breeder, once an Fj generation

from the mating of judiciously chosen parents has been secured.

The possibility of vegetative propagation of the improved
types, which ensures the continuance in the subsequent crops

of the (diaracters for which the new cane was first selected,

has been a great asset in securing quick results. Another asset

of great importance and utility to the Cane Breeder is the free

hybridization between the cultivated and wild types of

Saccharum, All agriculture involves the growing of a single

species or variety close together on a given piece of agricultural

land which is somewhat unnatural. This introduces a general

weakening of the plant resulting in the greater incidence of

diseases and pests among other evils. The introduction of the

wild species into the parentage has been useful in overcoming

somewhat the disadvantages resulting from the above mentioned

feature of agriculture. It is significant that such hybridization

has, in the past, been of great value in introducing into the lu^w

productions both hardiness and resistance to diseases and other

adverse conditions. Work on similar lines in the case of other

crops wherever possible is one of the lessons of Saccharum to

the other crop breeders.

The wide disparities that have been bridged by the inter-

generic hybrids with Saccharum give food for thought and stimulus

for further research. It may lead to a new orientation in the

concept of genus and species at least in the genera and families

allied to Saccharum, It engenders the feeling that, while perhaps
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a great deal has been done in plant classification, further new
light may yet be in store for the patient Eesearcher who can

both describe his plants and also suitably hybridize them with

one another.
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Presidential Address

THE CONQUEST OF KALA-AZAR AND CERTAIN OBSER-
VATIONS ON THE CHEMOTHERAPY OF MALARIA.

Ladies and Gentlemen,

We are meeting under the most tragic circumstances.

The sudden death of Lord Rutherford who was to be our General
I^esident has cast the deepest gloom over our Congress. The
world has lost in him one of its most distinguished scientists

who smashed the atoms, and though he breathes no more, his

discoveries may one day enable one to travel to that mysterious

region among the atoms and molecules wherein enters the breath

of life. We express our deepest sense of sorrow to Lady
Rutherford and the bereaved family. We are fortunate in having
another most famous scientist as our General President and we
have every reason to believe that under the guidance of Sir

James Jeans, this momentous meeting of the Indian Science

Congress will come to a successful issue.

I have chosen for my address the following subjects

:

The Conquest of Kala-azak and certain Observations on
THE Chemotherapy of Malaria.

The earliest epidemic of kala-azar in Bengal occurred in the

seventies of the last century, when it was probably complicated

with malaria. As I stated elsewhere, in this epidemic it was
noted by a contemporary writer that countries that once smiled

with peace, health and prosperity had been turned into hot beds of

disease, misery and death, and that the fell disease had mocked
every human effort, and absorbed in its powerful grasp, day by
day and inch by inch, every blessed spot which once used to

be prized for its salubrity. This was the old Burdwan fever.

In more recent times the epidemic of the disease in Nowgong
district ofAssam produced such an appalling mortality that there

was a decrease of 3P6 per cent, in population of the place in the

decade 1891-1900.

The mortality from the disease has now been reduced from

90% or more to 1 or 2 per cent. Including complicated cases,

it has been reduced from 99 to less than 10 per cent.

( 285 )
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The conquest of kala-azar may be said to have begun

when Cristina and Caronia obtained remarkable results in

infantile kala-azar of the Mediterranean basin by the use of

tartar emetic. Rogers introduced this drug into India for the

treatment of Indian kala-azar and obtained similarly satisfactory

results. Soon after the introduction of tartar emetic the speaker

introduced sodium antimonyl tartrate for its treatment. This

was taken up by others, as the compound was considered to be

more powerful and less toxic than tartar emetic.

The next step in the treatment of the disease was the

introduction by the speaker of intravenous injection of metallic

antimony in a state of fine subdivision as an impalpable powder.

It has been observed (Brahmachari and co-workers) that

when metallic antimony is injected intravenously in a state

of fine subdivision, the particles are picked up by the same c^ls

in the spleen as those that harbour the parasites of kala-azar

and that in the struggle that ensues the fight ends most remark-

ably in the complete destruction of the parasites in the speediest

way. (See Plate 5.)

A special outfit has been devised for the intravenous

injection of metallic antimony.
The advantage of intravenous injection of metallic antimony

is that the number of injections generally required is not more
than three or four to bring about complete cure. It is one of the

most powerful leishmanocides and may be tried in cases in which
other antimonials have failed. The great objection to its use is

the complicated technique of the operation of injection which
is a serious obstacle in the mass treatment of the disease.

Although treatment with tartar emetic or sodium antimonyl
tartrate was very successful in the treatment of kala-azar it was
found that in the campaign against the disease it had the dis-

advantage of being long and tedious. In Assam which was
once the hot bed of the disease, treatment was therefore found
difficult to enforce, as patients discontinued treatment altogether

or attended very irregularly after a few injections. This
irregularity made it very difficult to effect complete cures. The
Director of Public Health, Assam, once noted that in spite of the
regulations in force under the Epidemic Diseases Act to compel
patients to undergo a complete course of treatment, the campaign
against the disease was greatly handicapped by the large number
of patients who stopped treatment. To overcome this difficulty

communiques were regularly issued inviting the co-operation
of the people. Much propaganda work was done by means of
lantern demonstrations and illustrated posters and pamphlets
on the disease, emphasising the great dangers of stopping treat-

ment before a complete cure was effected. Though this had
some effect in reducing the ‘ Stopped Treatment ’ cases, still

such cases continued to exist and it was felt that the difficulties

in reducing the number of such cases would be overcome more
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A

Photomicrograph of Spleon of a Mouse infected with Leishmania
Donovan i, Forty-eight Hours after Intravenous Injection of Meta lie

Antimony.

A. Cell containing leishmania, but no particles of antimony.
B. Cell with faintly stained cytoplasm containing leishmania

and a few particles of antimony.
C. Cell containing coarse granules of antimony and leishmania,

some of which appear to be degenerated.

(Reproduced from a paper by the author and co-workers published
in the Transactions of the Royal Society of Tropical Medicine and Huaitne,
Vol. XXIII, No. 6, April, 1930.)
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effectively, if some drug could be introduced which would be

more efficacious than tartar emetic and take a much shorter

time to effect a cure.

The introduction of certain organic compounds of antimony
in the treatment of kala-azar infection has been the subject

of the speaker’s research for many years, and in 1920 some of

them were prepared for the first time in India in his laboratory

in the Calcutta Campbell Hospital, and he wrote to the Indian

Research Fund Association that the potentialities of the prepara-

tion of these compounds in India would in future be as great as

those of cinchona plantation.

Early in 1921, the speaker discovered an urea antimony
compound for the treatment of kala-azar. Its introduction

and his other researches on antimonial compounds opened up
a new vista in the treatment of the disease by means of thera-

peutic organic antimonials, just as the discovery of salvarsan

led to the introduction of organic arsenicals in the treatment

of spirochaetal diseases. This urea compound was named ‘ urea

stibamine ’. Soon after its discovery the author suggested

to the Director of the Calcutta School of Tropical Medicine the

possibility of obtaining therapeutic antimonials from Von Heyden
and this led to their introduction into this institution for the

treatment of kala-azar.

The first series of cases treated with urea stibamine were
published early in 1922. Soon after this, remarkable results

were obtained with it by Shortt in Shillong to whom the com-
pound was sent for trial at the instance of the Director of Medical
Research appointed by the Government of India. The value

of this compound was quickly recognized and it was introduced,

after an experimental trial, by the Government of Assam for

the mass treatment of kala-azar.

I now proceed to demonstrate the value of urea stibamine in

the campaign against kala-azar in Assam as obtained from
statistics from the Annual Public Health Reports of the Govern-
ment of Assam for the years 192*5-35 and the Government
Resolutions thereon. This dnig has been more or less

successively in use by the Government of Assam for over twelve

years and today it is in universal use in the Province. For some
time experiments with neostibosan were conducted side by side

with urea stibamine. The use of neostibosan was subsequently

discontinued.

In their resolution on the Annual Public Health Reports

of the Province of Assam for the year 1926, the Government
of Assam noted that the treatment with urea stibamine proved
very successful and there was a very satisfactory decrease of over

1,000 in the number of ‘ Stopped Treatment ’ cases.

Figure 1 gives the number of cases of kala-azar treated in

Assam as a whole from 1925 to 1935 showing a marked fall in

the incidence ofthe disease from 60,940 in 1925 to 11,100 in 1935.
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Figure 2 gives the death mte from kala-azar in Assam as a whole

from the year 1925 to 1935 showing a marked fall from 6,365

in 1925 to 845 in 1935. Figure 3 gives the number of cases of

kala-azar treated in the district of Sylhet during the same years

showing a marked fall in the incidence of the disease from 10,934

in 1925 to 3,869 in 1935. Figure 4 gives the death rate from the

disease in the district of Sylhet from the year 1925 to 1935

showing a marked fall from 2,109 in 1925 to 260 in 1935. Figure 5

gives the number of cases of kala-azar treated in the district

of Ooalpara during the same years showing a marked fall in the

incidence of the disease from 6,003 in 1925 to 1,245 in 1935.

Figure 6 gives the death rate from the disease from the same years

in Qoalpara showing a marked fall from 453 in 1925 to 100 in 1935.

Figure 7 gives the number of cases of the disease treated in the

district of Karnrup during the same years showing a married

fall in the incidence of the disease from 8,753 in 1925 to 1,465 in

1935. Figure 8 gives the death rate for the same years in the

district ofKarnrup from the years 1925 to 1935 showing a marked
fall from 1,120 in 1925 to 176 in 1935. Figure 9 gives the number
of cases treated in the district of Darrang during the same years

showing a marked fall in the incidence of the disease from 5,262

in 1925 to 738 in 1935. Figure 10 gives the death rate for the

same years in the district of Darrang for the years 1925 to 1935
showing a marked fall from 478 in 1925 to 91 in 1935. Figure 11

gives the number of cases treated in the district of Nowgmg
during the same years showing a marked fall in the incidence

of the disease from 13,895 in 1925 to 1,651 in 1935. Figure 12

gives the death rate from the disease for the same years in the

district of Nowgong showing a marked fall from 1,445 in 1925 to

52 in 1935. Figure 13 gives the number of cases treated in the

Oaro Hills during the same years showing a marked fall in the

incidence of the disease from 1,952 in 1925 to 690 in 1935. Figure

14 gives the death rate from the disease for the same years in the
Oaro Hills showing a marked fall from 435 in 1925 to 58 in 1935,
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The number of cases treated and of deaths in 1936 could
not be incorporated in the above Figures and Tables, as the
Annual Health Report for 1936 was not available when the
figures and tables were printed off. Fig. 16 gives a comparative

ASSAM. 1925-1936

statement of the number of cases treated and deaths in the

Province of Assam from 1926 to 1936.

The figures for Cachar which are not exhibited in the above

diagrams are very interesting. Out of 6,188 cases treated from

1926 to 1936, the number of deaths was 50 showing a percent-
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age of less than 1*08 per cent. Out of 574 cases treated in 1936

the number of deaths was 2 showing a peroantage of less than

0’3 per cent.

It will be seen from the above Figures and Tables that the

effect of the treatment with urea stibamine during the above

mentioned years on the incidence of kala-azar in Assam and its

mortality has been phenomenal. The disease has lost all its

terrors in the Province and people who suffer from it are less

afraid than those who suffer from malaria.

The Kala-azar Commission, India, used, throughout the

seven years of their existence, urea stibamine only, in the routine

treatment of kala-azar. According to them the acute fulminating

type characteristic of the peak period of an epidemic responded to

treatment with urea stibamine extraordinarily promptly and
with an almost dramatic cessation of fever, diminution in*size

of the spleen and return to normal condition of health. It may
be expected that similar beneficial results will be obtained in

other epidemics of the disease.

In 1933, the Director of Public Health, Assam, noted that
‘ urea stibamine was our mainstay in the treatment of kala-azar
‘ Since 1923, when reliable figures for the diseases first became
available to end of the year under report, no less than 328,591

persons have been brought under treatment. It is no exaggera-

tion to say that approximately 3*25 lacs of valuable lives have
been saved to the Province.’

Sir John Kerr, once Governor ofAssam in his farewell address
to the Assam Legislative Council referring to the value of urea

stibamine stated that ‘ the progress in the campaign against

kala-azar in Assam has been phenomenally rapid and if it con-

tinues at the present rate there is an excellent prospect of the
dread scourge being brought under complete control in a few
years ’. This has now come to pass, as you have just seen from
the statistics quoted in the present address, and as was once
predicted by the Director of Public Health, Assam, one day we
shall be successful in stamping the disease out of the Province.
The same may also be said of other parts of the world where
the disease occurs. The discovery of a powerful specific for the
disease, its limited distribution and rarity of relapses lend support
to this conclusion.

A few antimonials have been tried intramuscularly in the
treatment of kala-azar. Among these may be mentioned
sodium-N-phenyl-glycine-amide-4-8tibinate (antimony analogue
of tryparsamide) and sodium-sulphomethylene-stibaniJate
(antimony analogue of sulph-arsenol) which have been success-
fully used by the author, while neostibosan has been used with
success by Napier,

In studying the treatment of kala-azar one finds that the
enemy in the process of destruction tries to retreat from the
internal organs to some other parts of body, just as it is noticed
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in the case of human warfare the conquered foe tries to hide
himself in hills and jungles to elude the pursuit ofthe conquerors.

This was first discovered in 192^ when the speaker observed
certain remarkable skin eruptions caused by LeUSimania donomni
developing in kala-azar patients two or th^e years after comple-
tion of antimonial treatment and apparent cure, though under
ordinary conditions, in kala-azar the skin shows very little

involvement or none. Originally considered very rare, these skin

lesions have been subsequently found not to be an uncommon
condition.

The disease was named dermal leishmanoid by the speaker
when first discovered, and subsequently called dermal leish-

maniasis in the Carmichael Hospital for Tropical Diseases

attached to the Calcutta School of Tropical Medicine.
The various types of the disease will not be described here

in detail.

The photographs of the first recorded case of dermal leish-

manoid as well as of a case of annular variety of the disease

are reproduced here (Plates 6 and 7).

The photomicrographs of sections of skin showing the
presence of leishmania-laden cells just under the epidermal layer

and of leishmania-laden pigment-oarr3dng cells in the superficial

layer of the dermis are shown in Plate 8.

Viable leishmania have been cultured from these skin

lesions in test tubes and sandflies. They are therefore a source

of infection and the conquest of kala-azar cannot be regarded
complete unless these lesions are either averted or quickly
cured. Not infrequently, they take a prolonged course of
antimonial treatment and some of them are very resistant and
may be dangerous carriers of antimony-resistant parasites.

The author h^ recommended combined treatment with intra-

venous injection of urea stibamine and munotion of metallic

antimony.
It is evident that in the campaign against kala-azar and its

conquest, proper handling of oases of dermal leishmanoid is

an in^rtant point to be taken into consideration.

The oons&tution of urea stibamine has been a matter of
some controversy. As pointed out by Gray and co-workers it

is the most interesting of th^apeutic antimonials. Originally

considered by the spe^er to be urea salt of para-amino-phenyl
stibinic acid, it was subsequently considered by him to be ammo-
nium carbammo-stibanilate. Mote recently Gmy and co-wodrers
have studied the chemical constitution and physiological pro-

perties of the compound carefhlly and exhaustively in an impl-
ant papw in the Proceedinga of the Sockiy (1931). They
have snown that urea stibamine is disubstituted urea consistiiig

mostly of 8-dii^eny]carbamide-4 : 4^dist^binic add as its active

organo-metallic constitution, containing some mnount of pro-
tective colloid to make it water-soluble. Its oonstitution is

20



302 Part II, Presidential Addresses. ( 18 )

therefore, according to these observers, different from that

of compounds of the type of neostibosan or neostam which are

salts of para-aminophenyl-stibinic acid.

The conquest of kala-azar by campaign against the disease

by treatment of the affected individuals is, from what I have

shown, one of the most remarkable feats in chemotherapy.

Whether a prophylactic dose of urea stibamine to persons living

in kala-azar infected areas just like the prophylactic use of

quinine in malaria will be of any value or whether an inunction

of metallic antimony may be recommended to be used by them
as a routine practice is a matter of investigation.

I now pass on from the conquest of kala-azar, to certain

observations on the chemotherapy of antimalarial quinoline

and acridine compounds, which may one day play an important
part in the campaign against malaria and its conquest.

In most of the Eastern parts of India malaria and kala-azar
go together. They have many symptoms in common and were
confused with each other for a long time.

Kesearch in chemotherapy of malaria has been intense in
recent times. In certain parts of India it is of greater interest

than kala-azar. For sometime past, work in this line has been
undertaken by the speaker and co-workers and new quinoline
compounds synthesized wirh the view of studying their action
on paramoecia as well as on the parasites of malaria. While,
as will be seen from the accompanying tables, some of these
compounds have marked destructive action on paramoecia,
most of them have been observed to hfiye no action on the
parasites of malaria when used clinically in patients suffering
from the disease.



I.S.C. PliATE 8

Photomicrograph of a section of the skin showing leishmania-laden
cells just under the epidermal layer.

(P. N. Brahmachari.)

Photomicrograph of a section of the skin showing leishmania laden
pigment'Carrying cells in the superficial layer of dermis.

(P. N. Brahmachari.)





Action of certain quinoline compounds on paramoecia

STRENGTH EFFECT ON PARAMOECIA

I. 6-amino-qumoline

N

1 : 2.000
1 : 4.000

Death
No death

II. Quinoline-6-glycine-amide

NH2-CO-Cai2-NH |/\/ \
\/\/

N

1 • 2,000
1

.

4,000
Death
No death

III. 8-amino-quinoline

\/\/
NHa N

1 : 2.000
1 : 4,000

No death
No death

IV. Quinoline-8-glycine-amide

NHgCO-CHg-NH N

1 : 2.000 No death

V. 6-oxy-8-amino-quinoline

HO /A\/\
1 1 1

\/\/
NHg N

I : 2,000
1 : 10,000
1 : 20.000
1 : 40,000
1 : 80,000
1 : 160,000
1 : 320,000

Death in 6 minutes
Death in 7 minutes
Death in 7 minutes
Death in 8 minutes
Death in 14 minutes
Death in 17 minutes
No death in 1 hour

VI. 6-oxy-qumoline-8-glycine-
amide

HO /\/\
1 1 1

XAXA
NH2-CO-CH2-NH N

1:200
1 : 10,000
1 : 20,000
1 : 40,000
1 : 80,000
1 : 160,000
1 : 320,000

Death in 7 minutes
Death in 7 minutes
Death in 10 minutes
Death in 11 minutes
Death in 15 minutes
Death in 19 minutes
No death

VTI. 6-methoxy-quinoline-8-
glycine-amide

CH3O / \/ \
1 j 1

\/\/
NH2CO-CH2NH N

1 : 1,000

i

1

No action

For purpose of oompariaon we appe^4 here the action of quinine
hydrochloride on paramoecia under conditions similar to the above.



304 Part II, Presidential Addresses, (20 )

STBENQTH BFVBCT ON FABAMOBCIA

1 : 10,000 Death in 5 minutes
1 : 20,000 Death in 10 minutes

Quinine hydrochlor 1 : 40,000 Death in 19 minutes
1 : 80,000 Death in 36 minutes
1 : 160,000 No death in 1 hour

•

(Reproduced from a paper by the author and oo-workers published

in the Journal of Pharmacology and Experimental Therapeutics, Vol.

XXXIX, No. 4, August, 1930.)

TABLE II

Action of certain quinoline compounds on paramoecia

STBENGTH EFFECT ON PABAMOEOIA

I. 6-amino-4-phenyl-quinal- C 1 : 2,000 No death in 1 hour
dine hydrochloride ^ 1 : 10,000 No death in 1 hour

( 1 : 2,000 Death in 4 minutes
II. 8-amino-4-phenyl-quinal-

) 1 ; 10,000 Death in 24 minutes
dine hydrochloride 1 1 ; 20,000 A few dead in 1 hour

(. 1 ; 40,000 No death in 1 hour

(Reproduced from a paper by the author and co-workers published
in the Journal of Pharmacology and Experimental Therapeutics, vol. XLI,
No. 3, March, 1931.)
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TABLE III

Action of certain quinoline compounds on paramoeda

1 . 8-amino-quinoline-para-
cursanilate

2. 6-amino<quinoline-para-
arsanilate

STBENQTH EFFECT ON PABAMOEOIA

< 1 : 2.000

I 1 : 10,000

C 1 : 2.000

I 1 : 10,000

A few death in 1 hour
No death in 1 hour

No death in 1 hour
No death in 1 hour

3. 8-amino-ethyl-amino-quino-
line hydrochloride
(Robinson)

1 : 2.000
1 : 10.000
1 : 20,000

Death in 3 minutes
Death in 29 minutes
No death in 1 hour

4. 8-aminO’isopropyl-amino*
quinoline hydrochloride

1 : 2,000
1 : 10,000
1 : 20,000

1 : 40,000

Death in 20 minutes
Death in 35 minutes
90 per cent, death in

1 hour
No death in 1 hour

6-methoxy -8-amino-iso -

propyl-ammo-quinoline
di-hydroohloride

6-chloro-8-eunino-isopropyl-

amino-quinoline di-hydro
chloride

1 : 2,000
1 ; 10,000

1 : 2,000
1 : 10,000
1 1 20,000
1 : 40,000
1 : 80,000
1 : 100,000

A few dead in 1 hour
No death in 1 hour

Death in 1 minute
Death in 4 minutes
Death in 12 minutes
Death in 30 minutes
No death in 1 hour
No death in 1 hour

7.

8 .

6*ohloro-2-methyl-8-amino-
isopropyl-cunino-quinoline
di-hydrochloride

Amino-acetyl derivative of
8-amino-ethyl-amino
quinoline

1 : 2,000
1 : 10,000

1 : 2,000

1 ; 10,000

Death in 30 minutes
No death in 1 hour

90 per cent, death in

1 hour
No death in 1 hour

(Reproduced from a paper by P. Brahmachari, U. Bralimachari and
R. Banerjea published in the Journal of Pharmacology and Experimented
Therapeutics, Vol. XHV, No. 4, April, 1932.)
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TABLE IV

Action of certain quinoline impounds on paramoecia
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Apart from the variability in the value of the hitherto-known

quinoUne and acridine derivatives in their destructive action

on the different types of malarial parasites or on the schizonts

and gametocytes of the same parasite or its strains, these

compounds sometimes exhibit toxic symptoms of varying

intensity and this is sufficient justification for further research

on synthetic antimalarials.

Of late, a compound having the same composition as quin-

acrine or atebrin has been synthesized in the speaker’s laboratory.

As expected, it has well-marked antimalarial properties as

will be presently seen. It is provisionally named Acridin X
or Ax. The compound has been used by the speaker as hydro-

chloride or hydrobromide. The following is the first series of cases

treated in the Tropical Diseases Ward of the Carmichael Medical

College Hospitals, Calcutta. Its action on paramoecia is shown
in the accompanying table. Its action in monkey malaria has

been studied by Shortt and Menon.

ACTION OF ACRIDIN X ON PARAMOECIA

Experiment No. I

STBENOTH EFFECT ON PABAMOECIA

1 : 1,000
1 : 5,000
1 : 10,000

Death in 2 to 4 minutes
Death in 4 to 6 minutes
Death in 8 to 10 minutes

Acridin X
(

1 ; 40,000 Death in 12 to 16 minutes
1 : 80,000
1 : 100,000
1 : 120,000
1 ; 160,000

Majority died in } of an hour
Majority died in 1J of an hour
Few deaths in ^ of an hour
No death in 2 hours.

Experiment No. II

STRENGTH EFFECT ON PABAMOECIA

/ 1 : 1,000 Death in 3 minutes
1 : 5,000 Death in 3 to 5 minutes
1 : 10,000 Death in 7 to 10 minutes

Acridin X \
1 : 40,000 Death in 10 to 14 minutes
1 : 80,000 Majority died in IJ hours
1 : 100,000 Majority died in ij of an hour
1:120,000 Few deaths in 2 hours.

\ 1 : 160,000 No death in hours
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Experiment No. Ill

(24 )

STRENGTH EFFECT ON PABAMOECIA

' 1 : 1,000 Death in 2 to 6 minutes
1 1 : 6,000 Death in 4 to 6 minutes
1 1 : 10,000 Death in 6 to 9 minutes
I 1 : 40,000 Death in 10 to 16 minutes

Acridin X C 1 : 80,000 Majority died in 62 minutes

1
1 : 100,000 Majority died in 1} hours

1
(few survived)

I 1 : 120,000 Few deaths in 2 hours
1 : 160,000 No death in 2i hours

A Series of Cases of Malarial Fever treated with Acridirt X.

No 1 .—^Patient K, aet 26, was admitted on 4-2>37. History of
fever for two months. Patient was put on Ax from 5>2-37 in 1| grs. doses
thrice a day. The effect of the treatment is shown in Chart I. On 4-2-37,

B.T. trophozoites were present in blood ; on 7-2-37, no malarial parasites

were found; on 4-2-37, spleen was 3^ l^low costal margin; on 11-2-37,

spleen was just felt below costal margin.

No, II .
—^Patient B, aet 20, was admitted on 13-1-37. History of

fever for 16 days. Patient was put on Ax from 14-1-37 in 1| grs. doses
thrice a day. The effect of the treatment is shown in Chart II. On
13-1-37, B.T. trophozoites and gametocytes were present in bipod; on
17-1-37, no malarial peurasites were found; on 13-1-37, spleen was l^""

below costal margin; on 8-2-37, spleen was not palpable below costal
margin.

No, III,—^Patient D, aet 18, was admitted on 9-11-36. History of
fever for two months. Patient was put on Ax from 12-11-36 in 2J grs
doses thrice a day. The effect of the treatment is shown in Chart III.

On 10-11-36, B.T. and M.T. trophozoites were present in blood; on
13-11-36, no malarial parasites were found ; on 9-11-36, imleen was hard
and 2* below costal margin ; on 17-2-37, spleen was just felt below costal
margin.

No, JF.—-Patient 0, aet 16, was admitted on 2-3-37. History of
fever for 2} months. Patient was put on Ax from 3-3-37 in 1} grs. doses
thrice a day. The effect of treatment is shown in ^art IV. On
3-3-37, M.T. rinM and crescents were present in the blood ; on 7-3-37, only
crescents were found ; on 2-3-37, spleen was 1^ below costal margin ; on
8-4-37, spleen was just felt below costal margin.

No, V,—^Patient B, aet 12, was admitted on 23-3-37. History of
fever for 3 days. Patient was put on Ax from 26-3-37 in *76 grs. doses
thrice a day. The effect of the treatment is shown in Chart V, On
23-3-37, B.T. trophozoites were present in the blood; on 28-3-37, no
malarial parasites were found ; on 23-3-37, spleen was moderately hard
and 2* below costal margin; on 1-4-37, spleen was felt just below costal
margin.



(26) Section Z, Medical Research, 309

No, F/.—Patient R, aet 32, was admitted on 24-3-37. History of

fever for 8 days. Patient was put on Ax from 25-3-37 in grs. doses

thrice a day. The effect of the treatment is shown in Chart VI. On
24-8-37, M.T. rings were present in the blood ; on 30-3-37, only crescents

were found; on ^-8-37, spleen was below costal margin; on 9-4-37,

spleen was just felt below costal margin.

No, VII,—Patient B, aet 30, was admitted on 13-9-37. History of
fever for 28 days. Patient was put on Ax from 16-9-37 in grs. doses

twice a day. The effect of treatment is shown in Chart VII. On 13-9-37.

M.T. trophozoites were present in blood; on 19-9-37, no malarial

parasites were found
;
on 13-9-37, spleen was 1' below costal margin ;

on
27-9-37, spleen was not palpable below costal margin.

No, VIII,—^Patient R, aet 30, was admitted on 20-9-37. History
of fever for 4 days. Patient was put on Ax from 23-9-37 in IJ grs. doses

twice a day. The effect of the treatment is shown in Chart VIII. On
37-20-9, plenty of M.T. rings were present in the blood; on 25-9-37,

only crescents were found; on 20-9-37, spleen was 1' below costal

margin ; on 25-9-37, spleen was not palpable below costal margin.

No, IX,—^Patient M, aet 15, was admitted on 7-10-37. History of

fever for 5 days. Patient was put on Ax from 10-10-37 in 1 J grs. doses

twice a day. The effect of the treatment is shown in Chart IX. On
8-10-37, B.T. trophozoites were present in blood ; on 12-10-37, no malarial

parasites were found ; on 7-10-37, spleen was ly below costal margin ; on
16-10-37, spleen was below costal margin.

No. X,—^Patient G, aet 20, was admitted on 6-10-37. History of

fever for 6 days. Patient was put on Ax from 8-10-37 in 1| grs. doses

twice a day. The effect of the treatment is shown in Chart X. On

6-

10-37, M.T. rings were present in blood; on 10-10-37, only crescents

were found ; on 6-10-37, spleen was 1|"' below costal margin ; on 15-10-37,

spleen was below costal margin.

No, XI.—^Patient H, aet 20, was admitted on 7-10-37. History of

fever for 6 days. Patient was put on Ax from 8-10-37 in IJ grs. doses

twice a day. The effect of the treatment is shown in Chart XI. On

7-

10-37, M.T, rings were present in the blood; on 13-10-37, only a few

crescents were found ; on 7-10*37, spleen was 1 finger below the costal

margin; on 13-10-37, spleen was not palpable below costal margin.



Chart

No.

I.

Chart

No.

11
,

Chart

No,

m.



Chabt

No.

IV.

Chart

No.

V.

Chart

No*

VI



Chart

No.

VII.

Chart

No.

Vm.

Chart

No.

IX.

in

CO (M <Si GO

n •JCD 9Z *ZBMiaai
a *8 OJO 9Z*Z

BOD iHI^^SiS

s 't n iS ^



Chabt

No.

X.

CnART

No.

XI.

(29 )
Seaim X, Medical Research. 313



314 Part II, Presidential Addresses, (30)

Action of Acridin X in Monkey Malaria,

The action of this drug in monkey malaria has been studied

by Shortt and K. P, Menon. The following notes are taken from
the paper of these authors entitled ‘ On Acridin X in the treat-

ment of monkey malaria^ (Indian Science Congress Abstracts

Section of Medical Research, 1938) :

—

‘ A series of experiments on Acridin X in the treatment of

monkey malaria was carried out on monkeys infected with

Plasmodium knowlesi comparing the action of the drug with

that of atebrin for injection. The effect in sterilizing the

peripheral blood, the cure rate, and relapse rate of the two
drugs were compared. The results of the experiments showed
the two drugs to be identical in their action on P. knowlesi.’

Up to now the synthetic antimalarials are mostly derived

for the quinoline or acridine nucleus. As is well known, it was
originally considered that the piperidine nucleus in quinine

was responsible for the antimalarial properties of the latter. A
few piperidine compounds have been 83mthe8ized under the
author’s direction, but so far they have been found to have no
antimalarial properties. It may be stated, en passant, that one
of them, namely, piperidino-acetyl-8-amino-6-methoxy-quinoline
dihydrochloride, failed to show any antimalarial properties.

The synthesis of organic antimalarials has opened up a new
vista in the treatment of malaria and will no doubt play an
important point in the future campaign against the disease

and its conquest.

The discoveries of effective antimalarials and leishmanocides
rank among the highest triumphs of tropical medicine. Until
recently, they were slumbering, like sleeping beauties, in some
unfreqiient comers and they now appear to have awakened as

fairy gifts which synthetic chemistry bestows from time to time
upon mankind.

Ladies and gentlemen, from what I have stated in my
address, it will be seen that dreadful diseases like malaria and
kala-azar will be conquered one day in India and thus a new
chapter will be added to ‘ The Endless Quest If along with
this conquest there is in India ‘ a proper balance between labour-
saving devices and industry-increasing discoveries and if her
people ‘ will but decide to put in play the methods which
science today has provided for sufficient supply of food and
clothing and shelter, then the health and economic problems of
India, with her endless natural resources, will be solved to a great
extent

;
then much of her unrest and unemployment will cease

and she will have the opportunity of being richer, happier,
healthier and freer than ever before.
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Presidential Address

DEVELOPMENT OF VETERINARY WORK IN INDIA

Before proceeding with my address I must introduce our

distinguished guest, Sir Fredrick Hobday, whose life-long devotion

to the interest of the veterinary profession and numerous
contributions to Veterinary Science are known to all of you.

To mention but one or two of Sir Fredrick’s best known
achievements in the field of Veterinary Science 1 would instance

his development of the ventricle operation on horses, for the

alleviation of roaring, and his research on the Ancesthesis of

domesticated animals. His results were at that time a striking

advance on anything which had been done before and have been
of the utmost benefit particularly in canine and feline surgery.

After several years, as a Professor at the London College,

Hobday left it and took up veterinary practice
;
but in the early

days of the Great War he joined up, with characteristic enthu-

siasm and devotion to duty, and I was fortunate enough to have
personal experience ofthe very valuable service which he rendered

with the expeditionary force in France. Subsequently he served

with distinction on the Italian Front as well and received recogni-

tion on both in the form of foreign decorations.

But his greatest achievement of all, for the benefit of the

veterinary profession, has been the rebuilding of the Koyal
Veterinary College, which when he took it over was so dilapidated

that a number of the buildings had to be propped up and the

accommodation available at this, the premier veterinary college

of the United Kingdom, was scandalously inadequate compared
with the provision made in more far-seeing countries.

To obtain the very large sum of money which was needed,

amounting with the Government contribution to a J million

pounds sterling, no possible source could be left untapped and in

addition to his duties as Principal, Hobday devoted himself with

amazing energy to securing this great sum previously almost un-

heard ofin relation to the poorly paid veterinary profession. That
he succeeded, in face of a great deal of scepticism and apathy, the

magnificent college equipped with every modem convenience

for veterinary work of all kinds, which has recently been opened

f 316 ).
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by Their Majesties the King and Queen, bears witness and will

remain a standing memorial ofthe great service thereby rendered

to veterinary education and the veterinary profession. Hobday
realized that no profession can take its proper place without

proper training and made up his mind from the outset that

England should have the most commodious and best equipped

college in the world and we can only marvel at the success which
attended his labours.

This being the Jubilee meeting ofthe Indian Science Congress

Association, rather than address you on a scientific subject, I

will try to give a brief account of the development of veterinary

work in India.

As long ago as 1788 Joseph Earl published in Calcutta an
English translation of a Sanskrit work on the diseases of houses,

entitled Saluter and Farrier and subsequently J. P. Pigget, a Lieut,

of Indian Cavalry, published, also in Calcutta, a treatise on the

horses of India in which he suggested that Government should

take up horse-breeding. But neither of these seems to have had
any veterinary training and the need for veterinary assistance in

India seems not to have been understood until after 1774 when
the East India Company started horse-breeding studs. It is

recorded that their operations up to that time had proved a
failure and that disease was rampant. The actual record of

veterinary work in this country seems to have commenced in 1799
when Veterinary Surgeons, trained at the London Veterinary

College, were drafted to India for the organization of cattle and
camel breeding and the establishment of studs for the breeding
of cavalry horses.

William Moorcroft, who came to India in 1808, was one of

these early veterinarians and appears to have been a man of
outstanding ability, personality and energy. After receiving

medical training at the Liverpool Infirmary, and while still

a pupil he was invited to investigate an outbreak of cattle plague
and his success in this matter led him to take up veterinary
science as a permanent calling. With this object in view he
joined the veterinary school at Lyons, in March 1790, and after

qualification returned to England in 1792 to take up veterinary
practice in London. Sixteen years later, in order that he might
take up an appointment in India which had been offered him, he
gave up the extensive veterinary practice which he had built

up in the meantime and, in 1808, was appointed, by the East
India Company, Superintendent of their Bengal stud which was
located at Pusa in North Bihar. It is recorded that by improved
management he reduced losses by 90 per cent and that among
other things he was responsible for oats being cultivated in India
for the first time.

While holding this appointment Moorcroft, with a view to
improving the breed of Remounts for India, carried out two
extensive journeys in Central Asia and during the course of the
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second appears to have been murdered. In Bokhara he had
obtained the horses he was in search of, both mares and sires,

and had started on his return journey to India, but he un-

fortunately turned aside to visit Balkh, a place said to contain

the finest horses in the world and was never seen again. His
property was plundered and his copious Journals were lost for

years.
^

The main object of his journey was therefore not achieved
but his journals afterwards proved a mine of information on a
great variety of subjects and it is evident that Moorcroft did

a great deal to establish the value of veterinary knowledge in

horse-breeding and in the care and management of breeding
studs. Among other things he published a comprehensive
pamphlet of directions for the use of Company ofElcers, and was
the first to introduce machine-made shoes. He also wrote a
small book on shoeing and appears to have been quite familiar

with the symptoms and progress of such conditions as Navicular
disease.

Indeed there is a record in the Calcutta Journal of March
1819, that he performed the operation of neurectomy for that

disease. After trying the arteries to reduce the inflammation,

without benefit, he divided the nerves and removed a portion

with the result that the lameness disappeared. There is also

in existence a letter of Moorcroft’s in which he describes the

clinical feature of Glanders and how to stay infection. In this

letter he pointed out that Strangles might be confused with
Glanders, and drew attention to the great frequency ofgeneralized

Strangles in Asia than in Europe. He knew that Farcy and
Glanders were due to an identical poison and that the Glanders
discharge, when dried, retains its virulence for months. He
considered Bursati to be in all probability infectious and stated

that flies might carry infection.

In the Journal kept by Moorcroft, in which the observations

made during his travels were recorded, various matters of

veterinary interest were found. Amongst others he warned the

Government of India against a fatal disease met with in the
Punjab which, from the postmortem appearances described by
him, has since been identified as Anthrax. He also mentioned
a plant growing in Western Tibet, known as Prangos, which was
believed to prevent or cure fluke disease in sheep and stated that

in Afghanistan a course of green feeding with ‘ Shufbeed ’ was
given to get rid of parasites. His interests were so wide that

among other things he sent home a mass of valuable information,

on a variety of matters connected with agriculture, and he is

credited with having placed the Kashmir shawl industry on a
sound footing. He described a breed of mountain sheep with
wonderful wool and gave an account of a new species of the
genus Equus ;

which was neither horse, ass, nor mule and which
he thought might have been the Onager of Pliny. He also

21



318 Part //, Presidential Addresses, (4>

described the method of training horses which was adopted in

Central Asia prior to a raid. The system consisted in a gradual

increase of work with no bulky food ; the diet being mainly

barley with water given once a day only. When the horse was
fit, it was considered that its faeces put in a clean dry cloth and
squeezed should not leave a stain. Thus Moororoft must have

been far ahead of his time in many ways and it is recorded that he

was a short, slight, quick-tempered man of high intelligence

and wide interests. His tomb is in Lahore.

The earliest available official reference to veterinary work
in India appears to be a general order of the Bengal Army,
dated 8th ofApril 1793, in which it is stated that upon the appear-

ance of a supposed infectious disease among horses, the affected

would be removed from the Cantonment and the matter reported

to the Officer Commanding the Station, ‘who will order the

animals to be inspected by persons who may be judged capable

of distinguishing the disorders of horses \ At that time there

was not a single qualified veterinarian in India and only two
in England : Sainbel and Moorcroft. In 1799, five veterinary

officers, trained at the Veterinary College, London, proceeded

to India, but two of these were soon invalided home and little

is known of their work. It appears that these veterinary officers

were attached to British Regiments serving in India.

From 1826, after Moorcroft’s death had been confirmed,

until 1832, the management of horse-breeding establishments

was again under the control of Infantry and Cavalry officers

but in 1832, in consequence of terrible losses from disease, the

East India Company insisted upon Veterinary Surgeons forming
part of the staff of the various depots and J. T. Hodgson appears

to have been one of these and a man of considerable influence.

From the Government horse-breeding stud at Hissar, in the

Punjab, he was appointed to the Govemor-GeneraFs Body-Guard
at Calcutta, in 1821, and was directed to train Assistant Apothe-
caries—^half-caste Indians—as Veterinary Surgeons for the troops

of the Bengal Army. When qualified, these men were to be
appointed Sub-Assistant Veterinary Surgeons with the pay
and allowances of an Apothecary. But in 1822, Hodgson
warned the Bengal authorities that their scheme would not work,
so the project came to nothing and in 1823 only three Sub-
Assistant Veterinary Surgeons were borne on the establishment
of the Army. In August of that year, Hodgson submitted to
the Government ofIndia a scheme for the creation ofan organized
veterinary service. His proposals were that the East India
Company should provide a professor at the London College
to deliver a course of lectures to candidates for the Indian Service
on the breeding, rearing, management and diseases of horses,

cattle and camek and on shoeing, so that prior to proceeding to
India, veterinarians should have expert ^owledge of these
matters. To these lectures the Company’s civil, military and
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medical servants were to be admitted, should they desire to

attend, and Hodgson considered this preferable to the arrange-

ment made by Coleman to give lectures on veterinary matters to

cadets at Woolwich. In regard to the organization of veterinary

services in India, Hodgson proposed an ofi&cer on the general

staff of the Army in India, as principal Veterinary Surgeon

;

one veterinary officer each to the forces in the Presidencies of
Bengal, Madras and Bombay and an administrative officer to
each Division, in addition to executive officers for Brigades of
Horse Artillery, Regiments, Cavalry, breeding studs and other
Departments of the Army provided with animals. He made
provision for sickness and deaths, by having a certain number
of supernumerary officers available in India, and drew up tables

of pay and allowances ; rules regarding promotion, leave and
pensions, and formulated a set of veterinary regulations, but his

proposals appear never to have been acted upon.
In 1827, twelve Veterinary Surgeons came out to India and

in 1828 a further 13, while subsequently, veterinarians were
supplied as casualties occurred. The establishment in the three

Presidencies in 1833 was 31. Recruits appear to have been
selected by Mr. John Field of the 2nd Life Guards. They were
intended for the care of army animals but the Veterinary Depart-

ment of India remained without an official head or a single

administrative officer for forty years. Thus the early veterinary

work done in India appears to have been done by veterinary

officers of British and Indian Cavalry Regiments and much valu-

able information was undoubtedly obtained regarding the diseases

of domesticated animals in this country. For example in 1881,

Griffith Evans, of the Army Veterinary Department, for the

first time demonstrated a large flagellated organism—^now

known as Trypanosoma evansi—^in the blood of horses and
camels affected with Surra, a previously little understood but
well-known fatal disease of all classes of domesticated animals

in India. Evans was bom in Wales in 1835 and entered the

Army Veterinary Service in 1860. He proceeded to Canada in

1861, with the Royal Artillery and while at Montreal graduated
in medicine at the McGill University. His scientific enthusiasm
was widely known and was referred to by Sir William Osier,

Regius Professor of Medicine at Oxford, but Evans’ report of

his discovery was referred to the Sanitary Commission to the

Government of India and was not accepted, while his findings

were derided in certain quarters. They have, however, since

proved to be an epoch-making advance in the knowledge of

protozoan disease and have been of immense benefit to the human
race as well as to their livestock.

The next important event in the advance of veterinary

work in InCUa was the recommendation by Hallen ofthe formation

of an Indian Civil Veterinary Department with schools for the

training of students. Hallen entered the service of the East
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India Company in 1850, joining the Bombay Veterinary Service

and, in 1862, became Inspecting Veteriimry Surgeon of the

Bombay Army. He organized the veterinary service of that

force and established an Army Veterinary School at Poona.

In 1863 he was made Superintendent of the Stud Department
of Bombay and from 1863 to 1868 was head of the Veterinary

Service in the Abyssinian War. In 1869 his services were asked

for by the Government of India, in connection with Cattle

Plague and he became President of the Commission which sat

until 1872, Prom 1872 to 1876 he was one of the Commissioners

charged with the breaking up of the old Indian studs and he
organized the horse-breeding operations of India, of which he
was Superintendent. Finally, in 1892 he became Inspector-

General of the Civil Veterinary Department of India. He’^was

awarded the C.I.E.

The next personality of outstanding influence on veterinary

developments in India was Col. Pease, who by his energy and
ability raised the Lahore School from very humble beginnings

to an outstanding position. Among other activities, he trans-

lated textbooks into Urdu, for the use of students, and lectured

in that language. He conceived the formation of an Imperial

Bacteriological Laboratory
;
originated and edited the Journal

of Tropical Veterinary Science—^with other enthusiasts among
whom the names of J. H. Steel and F. Smith (afterwards Maj.
Genl. Sir F. Smith) should be mentioned—^and appears to have
been the first to diagnose the existence of Dourine in India. He
also did valuable work on Surra and, while actively engaged in

the cattle survey of India, published a very valuable series of
books on the breeds of Indian cattle.

The first veterinary school opened in India appears to have
been that at Babugarh which was opened in 1874, a similar one
being established about the same time at Rangoon. The
Babugarh school was afterwards transferred to Lahore and
formed the nucleus of the present college. Subsequently veteri-

nary colleges were established at Bombay, Calcutta, Madras and
at Ajmer (Merwara) but this last was afterwards closed and the
staff merged in that of the Lahore Veterinary College. Later a
Government Veterinary College was established at Patna and it

is worthy of note that the colleges at Calcutta and Bombay were
established as a result of private donations of large sums of
money

; in the first case by a wealthy zamindar and in the
second by a well-known Parsi philanthropist.

In 1881 the Government of India offered a prize worth
Rs.200 for the best original paper on the horse disease commonly
known as Kumari or Paraplegia and in 1883, with a view to
encouraging the study of Veterinary Science, the Governor of
Bengal offered two prizes, one of £60 and the other of £20

;

open to Army holders of agricultural scholarships from Bengal,
who had studied at the Royal Agricultural College, Cirencester.
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Thus the value of veterinary work gradually became
established but even today the position of disease control in

India is peculiar in that there are no veterinary practitioners,

except a few in Calcutta and other big cities, and stock-owners

are almost entirely dependent on Government veterinary services

for veterinary aid. It is therefore incumbent upon Governments
to organize and maintain suitable provincial veterinary services ;

for the control of contagious disease and to provide veterinary

aid and assistance in the proper care and management of live-

stock. In the early days, these services were mostly under the
Director of Land Records and at that time there were no veteri-

nary colleges in India. The obvious step for the advancement
of Veterinary Science was therefore to establish suitable colleges

or schools for the training of veterinarians in India and when
graduates became available, provincial veterinary services were
gradually organized ;

by officers transferred from the Army
Veterinary Department to take charge of the newly formed Civil

Veterinary Departments. Veterinary hospitals and dispensaries

were opened at suitable centres and the work of the Departments
has gradually been developed and extended as more graduates

have become available.

In most provinces, superior veterinary services were formed,

officered by veterinarians with the M.R.C.V.8. or equivalent

qualification and, in addition, subordinate services officered by
graduates of Indian veterinary colleges.

An Imperial Veterinary Service was also formed but recruit-

ment to this service ceased in 1924 and the number of fully

qualified veterinarians in India remains far too small for the bare

requirements of such a huge country. For example, the Royal
Commission on Agriculture in India recommended 300 officers

and 6,000 subordinate staff for British India but in 1936-37 the

strength was only 109 and 1,646 respectively. Various proposals

have been put forward for the establishment of an All-India

Veterinary College, to train up to the M.R.C.V.S. standard, and
the matter is now being dealt with. But as no such course was
available in the country, the Government of India and Provincial

Governments decided, in 1920, to give a limited number of

scholarships to enable students to take the M.R.C.V.S. quali-

fication in the United Kingdom. In addition a number of

students have obtained this qualification at their own expense.

The scope for development of veterinary work in India is

however immense, not only in the control and treatment of

contagious and enzootic disease, which is rife, but also in such

animal husbandry matters as systematic control of breeding

operations, and inoculation of improved stock against diseases

combined with organized castration, at a suitable age, of inferior

males not required as sires.

Owing to the general lack ofwealthy land-owners who take a

genuine interest in livestock improvement this work is of the
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greatest importance and recently the Government of India has

recommended that all animal husbandry work should be in the

hands of Provincial and State Animal Husbandry Depart-

ments, based on the existing Provincial Veterinary Departments.

At present this work is partly in the hands of Veterinary Depart-

ments and partly Agricultural Departments but it is clearly

essential that veterinary graduates from Indian colleges should

in any case be thoroughly grounded in animal husbandry subjects

;

particularly as there hardly exists in India an educated class

of scientific stock breeders from which young men with hereditary

knowledge and interest in livestock could be drawn for the

control of breeding operations. Indians who have received

veterinary training have already proved their superior vajue

in such work and with a view to increasing existing facilities,

particularly for training in animal husbandry, it has recently

been recommended that a dairy should be maintained at every

veterinary college in India and that the T.D.D. course should be

open to veterinary graduates, after a reduced course of study
in addition to what is given in their graduate course.

One of the most important steps ever taken for the

development of veterinary work in India was the appointment
in 1891 of an Imperial Bacteriologist, whose headquarters were
in the first instance at Poona. After two years, it was decided to

instal this officer at a Veterinary Research Laboratory at Muk-
tesar, in the Kuraaon Hills, ‘ for the investigation of diseases

of domesticated animals in all provinces in India \ The first

Imperial Bacteriologist was Lingard, a medical man, who among
other things discovered the specific affinity of arsenic for the
parasite of Surra : a discovery which has led to results of the

greatest importance to the human race. From the day of its

establishment in the Kumaon Hills, where it was free to carry on
systematic research in animal diseases of all kinds, the Muktesar
Institute has built up a world reputation and has done an im-
mense amount of work of the greatest value to Indian stock own-
ers. The advances made by Veterinary Science in India during
the past 25 years have been fully dealt with by Mr. Ware in a
paper specially prepared for this meeting and I will not attempt
to discuss them in detail but there are a few general remarks
in regard to the control and treatment of disease in this country
which I would like to make. The most important advance
from the point of view of owners of livestock has undoubtedly
been the great step forward which has been made in the control
of Rinderpest due to the general adoption of a system of vac-
cination with goat virus. This method has been evolved as a
result of the continuous research and investigation, which has
been carried on at Muktesar for many years, into all matters
relating to Rinderpest control. In the course of this work
Dr. J. T. Edwards produced a goat virus of fixed and reduced
virulence for the ox and from this beginning a method of vacci-
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nation has been evolved there, which has proved highly success-

ful and economical in controlling outbreaks of Rinderpest among
plains cattle, without the use of anti-Rinderpest serum. This
discovery has made it possible to control outbreaks at fractional

cost, compared with the cost of the serum simultaneous or serum
alone methods, and at the same time to confer lasting immunity
which, so far, has proved to be solid one, for as long as it has
been possible to test it, i.e. up to more than 3 years. For the
poor cultivator of India, whose very life depends on his cattle,

this is an immense boon and the fact of Cattle Plague being so

comparatively easily and cheaply controllable has enabled Pro-

vincial Veterinary Departments to devote more attention to other

fatal diseases such as Hjemorrhagic Septicaemia, Black quarter

and Anthrax. These still take a heavy toll of the cattle of India

but are now better under control by means of biological pro-

ducts, evolved for the most part in other countries, and during

the past 5 or 6 years great advance has been made in the treat-

ment of Surra as a result of research at Muktesar and system-

atic investigation carried out in the Punjab and other provinces.

Great advance has also been made in the study and control of

various forms of Schistosomiasis, of which nasal granuloma is an
important and often fatal manifestation, over large areas particu-

larly in S. India, and in the study of lesions of the skin and
subcutaneous tissue due to larval forms of Filaria. Progress has
also been made in the study and treatment of diseases due to

the great variety of Piroplasmal organisms which are of great

economic importance to India. The study of the protozoa

pathogenic to livestock in India is however an immense subject,

the fringe of which has hardly been touched, and far more
requires to be done to obtain precise information regarding these

organisms and the helminths by which livestock of all kinds are

parasitized to an enormous extent throughout India.

The systematic disease investigation now carried on in

all provinces and some of the large Indian States has moreover
brought to light a number of disease conditions, due to mal-
nutrition and other causes which were previously not understood,

and has enabled steady advance to be made in the study and
control of a great variety of diseases of stock of all kinds.

But the field for scientific veterinary work in India is

immense and the fully trained workers are few. Meanwhile the

poor ryot has to suffer continuous and heavy loss from a great

number of causes which, with more and better trained staff

and more adequate provision for combined veterinary and
animal husbandry activities, could easily be brought under
better control.

Some research is carried on at Indian veterinary colleges,

notably at Lahore and Madras, and during the past five years

provision has been made by the Imperial Council of Agricultural

Research for systematic investigation of the disease of livestock,



324 Part //, Presidential Addresses, (10)

in provinces and States throughout India, by the provision of
veterinary investigation officers paid by the Imperial Council of

Agricultural Research. Though paid out of funds provided by
the Imperial Council of Agricultural Research these officers are

under the direct control of the Director of Veterinary Services

of the province or State concerned and work in collaboration

with the Muktesar Research Institute, or a veterinary college

where suitable facilities for research exist.

There are in all five veterinary colleges in India, the longest

established being the Punjab Veterinary College at Lahore which
was originally founded as an elementary school by Col. J. H. B.

Hallen at the Remount Depot, Babugarh. This Remount Depot
was, however, abolished soon afterwards and in 1882 the veteri-

nary school was transferred to Lahore with Col. Kettlewell as

the first Principal. In spite of its humble beginnings and very

inadequate accommodation and equipment, this school has

continued to make steady progress and has established its great

value to livestock owners. The successive Principals of this

(iollege have been Col. G. Kettlewell (1882-90), Col. J. Nunn
(1890-97), Col. H. T. Pease (1897-1907 and 1912-19), Col. A.

Smith (1907-12), Col. G. K. Walker (1919-26) and Mr. W.
Taylor who at present holds this post.

The course of instruction was originally given in the verna-

cular and was of two years’ duration but, in 1900, the period of

the course was raised to three years and the name of the insti-

tution was changed to ‘ The Punjab Veterinary College In
1905, the veterinary school which had previously been established

at Ajmer was abolished and its teaching staff was absorbed by
the Punjab Veterinary College while in 1919 under Col. Pease
new and commodious buildings and accommodation were
provided which made the Lahore College an exceptionally well-

equipped veterinary college, for training in all branches of
Veterinary Science. At that time the course was still a three-

year one but in 1919, during Col. Walker’s principalship, four-

year course in English was instituted and the Intermediate
Examination of the Punjab University or equivalent test was
made the educational standard for admission to the college.

In August 1886, a veterinary college was opened at Bombay
in the S.P.C.A. Buildings which, in 1883, had been presented
by Bai Sakarbai Dinshaw Petit, a well-known Parsee philanthro-
pist of Bombay city. The hospital buildings were handed over
to Government and some additional buildings required for the
use of the college were built afterwards.

The course of study at this college has been a three-year
course in English since its foundation but the standard haa
varied considerably. J. H. Steel, the first Principal, originally

aimed at obtaining recognition by the Royal College ofVeterinary
Surgeons and, with this object in view, drew up a syllabus for the
advanced course which was brought into force in 1890. But^
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Steel very unfortunately died, in January 1891, and the syllabus

drawn up by him, being considered too advanced, was modified

and simplified. In 1900, a Conference of Principals of various

Indian veterinary colleges and schools was held at Ambala and,

as a result of this Conference, the written examinations at the

Bombay Veterinary College were discontinued and the course was
simplified and made uniform with the courses at that time given

at the Bengal and Lahore colleges, an oral test being the only
test then applied. A simplified curriculum thus became the

basis of all veterinary education in India and at first non-
Matriculate students wore admitted, but later the educational

standard was raised to Matriculation at all veterinary colleges.

This standard is still the standard of admission to the Bombay
Veterinary College and the course is still a three-year one, in

English. The Mncipals of this college from its inception have
been Mr. J. H. Steel (1886-1891), Lt.-Col. James Brodie Mills

(1892-1908), Major Frank Josler (1909-1910), Mr. K. Hewlett
(1911-1930) and Mr. V. R. Phadke who at present holds this post.

The establishment of a veterinary college in Calcutta was
first recommended by the Cattle Plague Commissioners, on the

completion of their duties in 1871, and in the interim repeated

proposals were made by the Inspecting Veterinary Surgeon,

J. H. B. Hallen, to provide such a college. No action was, how-
ever, taken until 1891, when Babu Sheo Baksh Bagla generously

gave Rs.30,(KX) to Government in aid of the project and offered

bighas of land for the site. Sir Dinshaw Monochjee Petit

also promised a donation of Rs.25,000 for the establishment of

the hospital. The school was opened in January 1894 and was
subsequently raised to the status of a college in 1898. The
first ftincipal was Col. F. Raymond (1898-1912) followed by
Col. A. Smith (1913-1920) and Mr. A. D, MacGregor, the present

Principal. The course of training at this college is a three-

year course in English.

As long ago as 1882, veterinary courses appear to have been
given in Madras, at the School of Agriculture at Saidapet, by
Veterinary Surgeon—James Mills, A.V.D. The curriculum at

that ‘time embraced among other subjects, veterinary medicine

and surgery and the course extended to three years. The present

Madras College was opened in 1904 and has been extended from
time to time by the provision of increased laboratory accom-
modation and facilities for carrying on research and the manu-
facture of biological products ; while recently a small dairy has

been established in connection with this college, with a view to

providing increased facilities for the instruction of students in

the care and management of animals in health.

The course is a three-year one in English and recently the

college has become affiliated to the Madras University by which,

after a short course of extra instruction, the degree of B.Sc.

(Veterinary) is granted to successful candidates. The Principals
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of this college have been Major W. D. Gunn (1904-1908), Mr.

D. A. 1). Aitohison (1909-1925), Mr. F. Ware (1925-1927), Mr.

P. T. Saunders (1927-30), and Mr. T. J. Hurley who at present

holds this post.

In 1930 a veterinary college was opened at Patna. The
establishment of this college was the work of Mr. D. Quinlan,

the then D.V.S., Bihar and Orissa, and it is fortunate that he
had the vision to establish an extensive farm at which cattle

breeding and dairying can be carried on and made use of for the

grounding of veterinary students in the care and management
of cattle

;
which is so essential to the training of veterinary

students in India. The course is a three-year one in English and
the minimum educational qualification laid down for admission to

the college is Matriculation. The Principal of this college since

its institution has been Mr. R. T. Davis.

Thus there are five veterinary colleges still in existence in

India, but the staff and facilities provided for veterinary training

in this huge country are still very inadequate, even for training

up to the comparatively low standards which are accepted as

sufficient for veterinary graduation.

The provision of a central veterinary college, to provide

training up to the M.R.C.V.S. standard and in research, in

conjunction with the Veterinary Research Institutes of Izatnagar
and Muktesar, is being taken up by the Government of India

but more fully qualified staff and better facilities for research

and animal husbandry training are urgently needed at most of
the existing colleges

;
to enable them to train up to modern

standards and to carry out such diagnostic work and research

as can suitably be undertaken at such colleges.

This has become all the more necessary since the provision

by the Imperial Council of Agricultural Research of Veterinary
Investigating Staff, in each major province and certain States,

which it is now proposed to extend and develop for the systematic
investigation of disease problems all over the country which is

so urgently needed. This investigation work has increased
the demand for co-ordinated veterinary research.

The field for such work is unlimited and up to the present
almost untouched but, for such work, high standards of education
and veterinary training are needed and I appeal to Indian
veterinary institutions of all kinds to aim constantly at producing
veterinarians fully equipped for such work and able to take the
predominant place in animal husbandry work for which their

training under Indian conditions and daily experience should
form the best background. The low standards of education and
training which are now commonly accepted for Indian veterinary
graduates will never provide the highly trained veterinary
services which are essential for the proper study and control
of disease and for systematic improvement of livestock in this

sub-continent and if the veterinary profession aspires to take
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its proper place and to justify higher scales of pay it will have

to insist on raising its standards, at least as regards selected

students, to the levels which have now been adopted in all pro-

gressive countries. Low standard of education and training can

only mean low status and low scales of pay.
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THE PHYSIOLOGY OF THE INDIVIDUAL IN THE
TROPICS

iNTEODUOnON

I consider it my duty first of all to thank you for the great

honour you have done me in asking me to be the President of

the Section of Physiology during this, the Jubilee Session of the

Indian Science Congress. When the invitation was first extended

to me, I had considerable hesitation in accepting it. As my
labours have been principally confined to the domains of pharma-
cology and tropical medicine, my first reaction was to consider

whetW I would be justified in assuming the responsibilities

of guiding the deliberations of the group of scientists who have
assembled here to-day. On further consideration I persuaded

myself to accept the honour, for physiology after all is the scien(;e

of function, whether it is studied in broad outlines as dealing

with the mechanism of action or as the physico-chemical

mechanisms leading up to this action. Disease means a lack of

integration or balance of the normal body processes (disintegra-

tion) or an unusual functioning of tissues (dysfunction) which
may be the result of accident, hereditary weakness or parasitic

organisms. It is not correct to designate it as disordered function

(malfunction) as is sometimes done; the unusual functioning

is physiological and perhaps the best for the organism under
unusual conditions. Medicine aims at prevention or cure of
‘ disease ’ and it is, therefore, nothing more than trained and
organised application of the principles of physiology. Pharma-
cology, the science dealing with the action and uses of drugs

on tissues, is inseparable from physiology. It is, in fact, the

climax of physiology and pathology. !]^th pharmacology and
medicine tWefore are not far removed from physiology and if

one who has been engaged in the field of pharmacology and
tropical medicine for about a quarter of a century accepts such

an honour and assumes the r61e of a physiologist, he may be

pardoned.

( 329 )
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Though physiology in its widest sense signifies the study

.
of the phenomena presented by all living

organisms, its chief interest is centred round

term. I* should therefore be the
objective of human physiology to study the

so-called ‘normal* human individual, since it provides an
essential base line for the study of disease. Unfortunately,
however, in this particular branch, * physiology ’ in spite of all

its developments has made but little progress in recent years.

The definition of ‘ normal and the criteria of what consti-
tutes the normal, are still open question. There has been a
tendency among physiologists to lay stress on individual
organs and tissues,

—
‘ on single bricks * composing the edifice

—and not on the individual as a whole. As the human individual
cannot exist uninfluenced by his external environment and as
the environment is variable, the question of normality of the
individual becomes relative, and has to be studied under tlie

varying conditions of the altered and continually altering environ-
ments to which the individual must necessarily be subjected in
different parts of the globe. In choosing the subject of ‘ The
physiology of the Individual in the Tropics *, I had two objects in
view. In the first place, I was anxious to select a subject which
would be of interest to physiologists as well as to the medical
profession in India

; in the second place, I chose it as a subject
which is of fundamental importance, but which has suffered from
comparative neglect in modern medical thought.

The Individual and his Environment

The study of the individual in relation to his environment

Historical.
recently engaged the attention of many

a physiologist and clinician though the
problem is by no means a new one. In the earliest days of
medicine in India centuries before the Christian era, the Hindu
physician Charaka drew attention to tlie effects of different ‘ airs

*

and places on mankind. He prescribed special diets for particular
seasons of the year, recommending one type of food for the
summer and another for the winter. In the early dawn of Greek
medicine Hippocrates recognised not only the significance of a
‘ change of winds * but also its physiological implications. After
considering the effects on the embryo and the adult, he concluded
•that the races of mankind and types of animals were altered,
as a result of the environment—and in this the ‘ airs, waters,

and places * played a part. The Hippocratic

terio^o^ ami its iS’
recognition of the association between meteo-

fluence on physio. i*ological conditions (airs) and disease came
logical studies. down through the middle ages and practi-

cally every writer on medicine and physiology
from the 17th to the 19th century stressed in different ways



(3)
Section XII, Physiology. 331

the ‘Integration of the macrocosmos (environment) with the

microcosmos * (the human organism). The interest in this

subject waned in the last quarter of the 19th century when the

science of bacteriology made its beginning through the pioneer

researches of Pasteur, Lister and others. In the study of diseases,

emphasis was laid more on the invading parasite than on the

invaded individual. With the advent of the science of immu-
nology, serotherapy and chemotherapy, the importance of

environmental influence receded more and more into the

background. Whilst physiologists studied the changes produced
in the system by alteration in temperature, bacteriologists tended
in their first enthusiasm to disregard the physiological fluctua-

tions and attempted to attribute every disease process to specific

parasites.

Though the interest of medicine at present is chiefly centred

and perhaps rightly, on infectious diseases,

envSMimen/^ study of environmental conditions is

none the less important. Let us consider how
the individual reacts to his surroundings. Two methods have
been devised by the organism to meet the forces of its environ-

ment. It may seek to lessen the impact and to meet the shock by
increasing the resistance, in an endeavour to prevent disturbances

of its equilibrium. This is usually effected by diminishing the

consumption of energy or in other words, the organism becomes
less reactive. This phenomenon of attempting to shield itself

against invasion is exemplifed in spore formation and in the

various forms of encystment of lower organisms. In the higher

organisms, the same reaction finds expression in the mechanism
of hibernation, in the deposition of subcutaneous fat and in the

development of the epidermis. The other alternative is that the

organism bcomes more reactive and instead of resisting any force

disturbing its equilibrium, seeks to attune its mechanisms of

equilibration to such a degree that they swing in a rhythm with

the environmental force. This is seen in the development

of special mechanisms for the rapid mobilization of reserves,

in the unusual acuity of receptors and not infrequently, in the

formation of special sense organs. Man, after all, is a living

organism existing in his own particular environment and, being

endowed like all living beings with powers of adaptation,

he reacts to it in such ways as to produce, if possible within

himself, ideal conditions for living under varying environments.

This adjustment must necessarily involve fundamental physio-

logical changes in the organism, and probably also in its powers

of resistance to disease. The history of man is not inaptly

described as ‘ an endeavour first to adjust himself to his environ-

ment and later to control that environment itself.’

The mechanisms designed to meet the environmental

demands and the selection by the organism of different methods
for adaptation are manifold. We will consider them in more detail
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Jater. It is important to emphasize here that it is not enough to

understand any one reaction to a single well-defined change in

environment
; the repercussions on other reactions must also

be determined and the degree to which they affect the capacity

of the individual to react to further environmental changes

of a different type. Such knowledge is essential if the organism is

to be understood as a unit. The problem is naturally complicated

and raises many interesting enquiries.

The Individual and his Physiological Equilibbium

The external environment with the effects of which we are

concerned is not in reality the one in which the bod}’' cells live.

As is well known, though the external environment varies greatly,

the internal one remains remarkably constant and this is achieved

firstly, by certain physical and chemical factors inherent in the

saline fluids which constitute the internal environment—the
‘ milieu interne ’ of Claude Bernard—secondly, by certain bodily

reactions designed to prevent abnormality. An outstanding

example is the constant neutrality of the fluids which bathe the

body cells where even a slight increase in the hydrogen-ion

-

concentration from 0*000,0(^,05 (10“^X5N) to 0*000,000,1N
(10“®N) might produce a serious dislocation of the vital processes.

To counteract any such disturbances, there is always an effort

on the part of the organism to oppose any tendency to change.

This is best seen in the rapid breathing associated with all forms

of muscular exercise. A contracting muscle needs proportiona-

tely more oxygen than a quiescent one
;
this increased oxygen

usage implies an increased blood supply which again involves an
augmented blood flow through the lungs and consequent increased

ventilation. Similarly, the response to a rise ofbody temperature
sets in motion simultaneously a number of complex reactions

which tend to oppose any threatened alteration.

The apparent physiological stability of a living being which
is suggested by the constancy of si^h

Physiological characteristics as heart rate at rest, body

not sStic
f6i^P®rature, blood sugar level, reaction of the

equilibrium. blood, blood volume, blood pressure and
composition of alveolar air, is not due to a

static condition, but is only made possible by the lability and
close correlation of dynamic forces which are constantly being

adjusted in response to nervous, chemical or physical stimuli

arising within or at the surfaces of the body. The equili-

brium thus attained is therefore of an oscillatory type and
is the resultant of the interplay of unstable and variable func-

tional activities which are constantly operating in the body.
Thus, the carbon dioxide content of alveolar air is remarkably
constant in any individual and is controlled by the depth of
respiration, which in turn is regulated by the carbon dioxide
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content of arterial blood
; the respiratory centre is so sensitive

that it will respond to changes which cannot be easily measured
by chemical or physical methods. This high degree of sensitivity

maintains the equilibrium without demonstrable oscillation but
the oscillatory nature of the equilibrium may be unmasked and
become recognizable in certain diseases as Cheyne Stokes or

other types of periodic breathing. The temperature of the body
is maintained fairly constant in health, despite variations in

external temperature and activity, but during illness or during
recovery from illness there may be a lack of sensitivity or some
degree of failure of the regulating mechanism and the least

exertion may cause an abnormal rise of temperature producing
profuse sweating with a temporary fall of temperature below
normal. Similar examples showing the oscillatory nature of
physiological equilibrium might be taken from circulatory

adjustments, muscular co-ordination or from the regulation

of blood-sugar level.

Interference with or destruction of these compensatory
mechanisms will reduce the chance ofrecovery

The range of re- from accidents or diseases in which their

hmite* of adaptabi^
activities are required to counteract the

lity, disturbance. A given compensatory mechan-
ism may be adequate to maintain, under

resting conditions, a physiological equilibrium within normal
limits, so that the effect is not recognized until the mechanism
is subjected to some stress. Thus, two individuals may have
the same heart rate under the same resting conditions, but if the

vagal impulses in both are eliminated by the injection of atropine,
it may be found that the heart rate of one considerably exceeds

that of the other. The heart rate is controlled by two opposing
forces, one from the vagus and the other from the sympathetic,

and although the net result of these may be the same in both
before the injection of atropine, yet in the one a greater amount
of nervous stimulation takes place than in the other. Again
the fasting blood sugar level in two individuals may be identical

and yet the injection of the same amount of adrenalin into each
may cause in the one a much greater rise in blood sugar than in

the other. Insulin will be less effective in the former than in the

latter, suggesting that the self-adjusting mechanism in the one
case is ‘ set ^ at a different level from that in the other, although

the controlling factors in each case are so balanced that the

equilibrium points are the same. Neither heart rate nor blood

sugar level per se therefore gives any clue to the reserve powers
of the complex systems which control these physiological charac-

teristics. Hence the test of physiological normality is relative

and is not solely or even mainly the equilibrium point of the

various compensatory systems. In fact the extent to which
these systems will respond, when brought into play by adverse

changes in the environment of the individual, and the degree

22
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of their response are measures of the organism’s reserve capacity

or power of adaptation. On this reserve power depends the

success of the individual in his adaptation or acclimatization

to changed surroundings and environments.

Environment and the Mechanism of Adaptation

Adaptation has been aptly defined as the continuous adjust-

ment of internal relations to external relations.
Physiological ability to respond actively to changes

^actors in a apta-
environment is an essential characteristic

ofany organism. The range ofenvironmental

adaptation of even the most primitive cell is relatively wide,

although the mechanism of response may be simple
;
but as we

advance in the scale of animal life, the range of adaptation

becomes even greater as the mechanism and the means of adjust-

ment become more complex. Thus the single-cell organism

existing in a relatively stable fluid environment needs only

direct adjustment to the environment and this adjustment must
of necessity be a ‘ chemical ’ one. This is exemplified in the

behaviour of the jirotoplasm of the rnyxomycetes which, when
placed on a piece of blotting paper, will crawl towards an infusion

of dead leaves or away from a solution of quinine. The amoeba
again can respond only to changes in the composition of the fluid

in its immediate vicinity. When multicellular organisms begin

to specialize, this comparatively simple chemical adjustment
is not found adequate and special methods have to be elaborated

by which a ‘ colony ’ of life can be perpetuated. Individual

cells of multicellular organisms begin to manufacture substances

through whi(!h the different members of a cellular unit can be

influenced. These substances or ‘ hormones ’ circulate in the

fluids of the body, and play an extensive role in harmonic adjust-

ment to environment. Their primary purpose is to initiate

automatic reactions and to sensitize the tissues to react either

more rapidly or more slowly. The higher we ascend in the animal
scale, the means by which the organism responds to environmental
changes become more varied and complex, and an additional

mechanism of adjustment other than chemical and hormonic
is called for. For this puipose, the anatomically defined auto-

nomic nervous system, both sympathetic and parasympathetic,
has been developed. Finally, when the level is reached at which
reason is developed, not only are accomplished changes appre-
ciated but the possibility of alteration, made or threatened,
can be recognized and guarded against; in other words, the
adaptive reactions become conscious and adjustment to meet
them, ‘ volitional Thus, among higher animals the distance
receptors (eye, ear, nose) give warning of approaching danger,,

while in man complex mental processes allow the possibUity
of altered environment to be inferred, although the actual change
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may not be imminent. All the reactions of a biologic mechanism
to environment may therefore be said to be mediated through
tliree distinct but mutually related and integrated processes

—

chemical, endocrinal and nervovs. The three components are

functionally inseparable, and no one comi)onent can be disturbed
without disturbing the others.

A living organism,whether a single cell or an integrated cell

mass (the individual) may therefore be

th^orga^rsm.^ regarded as a highly unstable system, which
tends to reproduce itself continuously under

the average of conditions to which it is subject, but under-
goes disintegration as a result of any variation from this

average. The ability to maintain an equilibrium without the
breakdown of the adaptive mechanism under adverse condi-

tions determines the development of the individual and ulti-

mately of the species. The greater the possibility of protec-

tive reaction the greater are the chances of survival. It seems
important therefore to stress the fact that the animal body,
although often compared with a man-made engine, differs

fundamentally from the latter in that it has latent reserve forces

(japable of adjusting the animal to a new environment
; in other

words it possesses powers of adaptability. These forces call

forth hypertrophy of glands and tissues in response to appropriate

stimuli and even carry out repair of damaged parts. Sensibility

or facility of response can be improved by frequent usage or
‘ training * as in the case of muscular exercise. The athlete (;an

undertake a given amount of exercise with less disturbance of

respiration and circulation than can the untrained person, and
his return to the resting normal condition is also quicker. Unlike
a test tube, in which chemical reactions are definitely limited,

the efficiency of practically all the compensatory systems of the

body (^an be increased by judicious use if the stimulus producing

the reaction is adequate in each case.

The Individual and his Atmospheric Environment

The most important environmental factor is the atmosphere
in which we live. Hippocrates, who may be called the father of

the modern science of climatology, recognized the importance

of ‘ airs ’ over ‘ waters ’ and ‘ places ’ and also appreciated the

different qualities of the cold and the tropical atmospheres and
other cosmic influences. As the atmospheric environment is so

familiar, we fail to recognize the importance of the part it plays

in moulding the physiology and sometimes the pathology of
‘ air-living ’ animals. We are likely to forget that we take in as

much air by weight per day as we do of food.

The atmosphere or the air-mass surrounding the earth is

not stable but fluctuates from place to place and from time to

time, particularly with the * cyclonic ’ waves. These fluctuations
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and atmospheric disturbances are normal and necessary sequences

of temperature differences on the earth ^s surface. It is not my
purpose here to examine these meteorological disturbances in

detail. I only wish to draw your attention to the influences

which such an unstable and ever-changing aerial environment
exert on different phases of human activity—^physical, mental,

ji^ocial, economic—and on racial development and retrogression.

The term ‘ Climate * has been defined as the combined
effects of the sun, the atmosphere and the

Chmate^an^diraa- upon living objects at any one place

on the earth’s surface. Climate primarily

results from the effects on the earth’s surface of the inci-

dent solar energy and its unequal distribution. For descrip-

tive purposes, it is usually stated in terms which have refer-

ence to the so-called climatic elements—^namely the temperature

of the air, its humidity, also the amount of precipitation or

rain, snow, frost, its motion, density, transparency and electri-

fication. The climatic elements are dependent on physiographic

factors, such as distribution of land and water, mountain ranges,

nature of the soil, distance from the equator and height above the

sea level. The latitude and the altitude are, however, the most
important and deserve special attention.

It is generally assumed that the climates of the whole of the

.
tropical zone are in all respects alike and

^
"tropics

therefore the term ‘ tropical climate * is often

used, though incorrectly. Climatologists have
<livided the tropical belt into several sub-divisions according

to the situation of the land in relation to the equator, the

vicinity of water, the growth of vegetation, the presence of

mountains or hills, the proximity of land to oceanic currents

and trade winds, and its height above the sea level. All these

factors will naturally influence the ‘ climatic type ’ of a locality.

Thus the tropical zone includes deserts, damp forests, jungles,

swamp lands and fertile islands refreshed by cool, steady winds
from the ocean, low-lying plains and valleys under the i^uence
of periodic oceanic monsoons, and mountains several thousand
feet above sea level. All these regions are not equally disagree-

able for the residents. The deserts, for example, are free from
many tropical diseases, for their parched soil and dry, sterile air

are unfavourable to the development and distribution of most
micro-organisms and disease-bearing insects. On the other
hand, the dust, heat and brilliant sunshine are very trying, and
the paucity of water is obviously a serious limitation, ^ain,
wherever mountains and plateaux occur in the tropics, the climatic

conditions are distinctly different from the plain and may be
actually mild and agreeable. It will therefore be seen that
within the tropical zone, there may be areas with peculiar
climatic types with their special advantages and disadvantages.
In dealing with climate in the tropics, I shall confine myself
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to the consideration of its effects in tropical plains in the latitudes

near the equator.

The climate in these regions varies but little and the tempera-
ture ranges between 75°F. (2o®C.) to about 115°F. (46°C.). There
are no seasons in the tropical zone and monthly and diurnal varia-

tions of temperature are slight. These areas are often subject to

the influence of monsoons with their alternate dry and wet spells.

They are. usually very fertile and support a variety of luxuriant

vegetation. The study of the climates prevailing in this zone
has attracted most attention because these areas have been
frequently colonized by the white race. A large portion of the

plains of India have a climate of this type and therefore it is

of very great interest to us to know the physiological adjustments
required of human beings in such a climate.

Climate and the Individual

The influence of climate on man is so well recognized that

it is often the main topic of daily conversation. One often hears

of a ‘ bracing ’ climate or a ‘ relaxing ’ climate, and the beneficial

effect of climatic variation finds its expression in our desire

for a ‘ change of air ’. Though we do not know whether and
to what extent actual temperature, or humidity or wind affects

human beings, there appears to be a direct relationship between
the physical and mental vitality and the variability of climates.

Huntington in his fascinating book on ‘ Civilization and Climate
^

puts forward the theory that all the world’s great civilizations

are now in regions experiencing often unexpected changes of

weather and that the superiority of races inhabiting temperate
regions of the globe is largely the result of climatic influences.

Man is considered a mere creature of his meteorological environ-

ment and climate is said to rule the destinies of nations. Mills

(1934-36) has corroborated some of Huntington’s conclusions.

According to him, there are energy differences between the races

living in warm climates and those in temperate climes which
cannot be accounted for on the basis of diet and mode of living

alone. The tropical person has a lower oxygen consumption,
a lower blood pressure and a lower capacity to meet emergencies

than the resident of temperate zones. Some psychologists

maintain that each climate tends to develop its own characteristic

mentality. In other words, climate not only modifies the physical

features but also the nervous system of the individual. These
and other similar questions raise interesting issues which are

not easily answered. Because of the difficulty involved in the

study of the direct effects of climate on the individual, the data
recorded in the literature are very discordant. There is a school

of thought which maintain that too much stress is laid on climatic

factors by Huntington and Mills and that many of their general-

izations probably are not based on a rigidly scientific and critical
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evaluation of facts. While it is not possible in the present

state of our knowledge to give any definite opinon, there appears

to be little doubt that climate plays an important r61e, though

often an indirect and subtle one, in the production of many
physiological changes in the organism and as a predisposing

cause or an accessory cause in many disease processes. I propose

to examine some of these changes in the subsequent sections.

It will suffice here to indicate that though man can live in any
region where food and water can be obtained he can best develop

his physical and mental capabilities under the most favourable

environmental conditions. There seems but little doubt that

there is also a distinct optimum condition for man, just as for

plants and animals and any departure from it adversely affects

the organism.

Efitects of Heat and Sunlight in the Tropics

In considering the effects of residence in tropical climates,

attention is at once directed to three major environmental
factors, viz., temperature, humidity and sunlight. There are a
number of other climatic and environmental factors such as wind
movement, atmospheric electricity, ionization, etc., which also

affect the human organism, though the responses elicited do not
leave lasting impressions on the individual. In nature, all

these climatic factors operate simultaneously and the reactionary

changes observed at any one time are in most cases a summation
effect, one factor being superimposed on the other. Thus while

the acute effects of encountering very high temperatures as of
a heat wave or in a desert region may be tolerated without harm,
the organism may show signs of intolerance or breakdown when
excessive humidity is superimposed on such a high environmental
temperature. This interdependence of several climatic factors

makes the analysis of the effects of different components which
constitute the ‘ climatic drive a difficult matter and is

mainly responsible for many of the conflicting' views which
have been expressed. Let us consider each of these factors

separately and see to what extent each component contri-

butes to produce the resultant total effects.

The biological effect of sunlight has received perhaps more

Sunliffht
attention than any other factor in this group.
A careful perusal of the literature has con-

vinced me that the knowledge gained in this branch is indefinite

and unsatisfactory. The beneficial results obtained by helio-

therapy in tuberculosis and the effects of ultra-violet light in the
treatment of rickets created the impression that the ultra-violet

portion of the spectrum was the important factor responsible
for the biological effects produced. Several investigators in the
tropical belts of Australia, the Philippines and the Netherlands
East Indies have adduced experimental evidence indicating that
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the ultra-violet light, being non-absorbable by the skin, is

probably much less important than the infra-red and the visible-

red end of the spectrum, which penetrate the superficial layers of

the skin and are perceived by the organism as heat energy.

Whatever direct effects tropical sunlight may have has therefore

been attributed to its thermal action. Petersen (1936) has,

however, shown that ultra-violet rays may produce physiological

effects by first sensitizing the skin and then inducing a reflex

stimulation of the thyroid and other glands of internal secretion.

It is difficult in the present state of knowledge to evaluate the

evidence with regard to the part played by the different compo-
nents of the spectrum in producing physiological reactions in the

individual.

The effect of humidity on the human organism has recently

„ . engaged the attention of public health
^ aiithorities and sanitary engineers interested

in environmental control through air-conditioning methods.
That humidity modifies, to a great extent, the effects of heat is

generally recognized. A moist humid atmosphere is associated

with depression and disc^omfort and conversely, dry air, irres-

pective of its temperature, induces a feeling of comfort and well-

being. The water content of the atmosphere must affect the

water content of the body. In the regions of high environmental

temperature such as are met with in the plains of India for

example, greater humidity will prevent proper evaporation and
heat loss with resulting disturbances in the respiratory exchange
in the carbon dioxide content of the blood, and consequently

in the water and ion balance. It may therefore be stated that

high humidity, by diminishing evaporation of sweat merely
aids in increasing the effects of heat, but as a direct factor it

does not appear to possess any great specific importance.

Studies on the changes produced in the body of man as

^ ^ a result of exposure to high environmental
^ temperature have been numerous, but, like

most aspects of tropical physiology, the data are conflicting.

It has been reported that a change in the environmental tempera-
ture produces a change in the body temperature of the individual

and that in the tropics body temperature may be permanently
above the average in the temperate zones. Though a large

amount of work both in man and in experimental animals has
since been published, the position is still undecided. While it

is true that a change in the body temperature of an individual

may be easily affected for brief periods by exposure to high

external temperatures, it is doubtful if, in view of the sensitive

heat-regulating mechanism in man, a permanent change can be
brought about by prolonged exposure such as residence in the

tropics. The same argument may be adduced against the

contention of some workers that the shin temperature is raised

in tropical zones. From physiological considerations, it is
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logical to assume that the flushing of the skin, as a result of
exposure to a hot environment, raises the skin temperature, but
the temperature soon drops when perspiration breaks out. It

has also been suggested that darker coloured individuals in

the tropics possess a higher skin temperature than the light

coloured ones. This statement also has not been confirmed.
The chief climatic factor affecting the individual in the

tropics being the high environmental tempera-
adaptation that he is called upon

to make is naturally ofie of heat regulation.

This is accomplished by a fine balance between heat production and
heat dissipation. Heat is always produced in the body by the

metabolic activities of the protoplasm and, if life and the power
of work of the individual are to be maintained, this heat*pro-

duction cannot be reduced below a certain minimum. Hence,
heat regulation of the individual is more often effected through
modifications of the various mechanisms available for heat loss,

than through changes in heat production.

It was generally recognized that tropical races are at an
advantage over the European settlers in the

® matter of heat dissipation. The passibility

suggested itself that acclimatization for

generations in a climate where the mechanism of heat loss had
to operate under excessive strain might have endowed the skin

of the tropical races with an additional power and facility in

getting rid of excess heat by the processes of physical heat

regulation—conduction, convection, radiation and evaporation

—

at a more rapid rate than in individuals from cooler zones. It

has been claimed that the skin of tropical races loses heat by
convection more rapidly than the skin of white races but these

conclusions have not been universally accepted. The suggestion

next put forward was that the dark skin radiated heat quicker

than the white skin, but satisfactory evidence has not been
obtained in favour of this contention. It is therefore difficult

to state with any degree of certainty whether the presence of
pigment in the skin confers any real advantage so far as heat
loss by radiation is concerned. There is however little doubt
that pigment plays an important part in heat regulation by
other channels. Owing to the high absorption coefficient of
melanin, heat is rapidly produced in the skin

;
this stimulates

the local heat receptors with consequent reflex sweating. More-
over, pigmentation of the skin is necessary to protect the deeper
structures from the injurious effect of sunlight and to protect the
sensitive cutaneous nerve endings from irritation. The brown-
skinned races in the tropics, by virtue of the pigment, have
apparently developed a more sensitive cutaneous heat-regulating
mechanism, and they can cool off more rapidly by reason of the
early formation of a fine layer of sweat drops. It is generally
admitted that Europeans who tend to take on pigmentation are
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on the whole better acclimatized to the tropics than those who
do not darken. The studies of Acton in the School of Tropical

Medicine on the pigments of the normal skin of Europeans and
Indians are of interest in this connection. He found that the

pigments present in the basal cell layer of the epidermis of the

two groups did not differ in the actual amount (quantity), but
in their chemical composition (quality). The pigment present in

the Indian skin was deeper brown in colour and showed a dis-

tinct tendency to increased chemical reaction with ‘ dopa-
oxidase ’. The significance of this is not yet clear. The pre-

cursor of melanin is dioxyphenylalanme which is again a break-

down product of the amino-acid, tyrosin. It is possible that the

differences in the diet and metabolic rates in the natural tropical

inhabitants might be ultimately associated with the production
of a chemically distinct type of pigment in the skin. The
distribution of pigment may also play a part in bringing about
the adaptation which the tropical inhabitants are supposed to

possess. Thus, in negroes, histological evidence shows that

pigmentation is deeper and more diffusely spread than in the

white races where the pigment is contained chiefly in the mal-

pigian layer and in the superficial layers of the corium.

For physical heat regulation, however, the activity of the

„ ^ sweat glands is of outstanding importance.

Their efficiency depends on several factors

:

(1) humidity of the environmental air, (2) concentration of

sweat glands per unit area, and (3) the degree of activity of

these glands. Humidity, does not in actual practice exert a

great influence, because apparently high degrees of humidity,

provided they fall short of absolute saturation, can be borne
by the system with impunity. The concentration of sweat
glands in the skin may regulate the amount of perspiration, and
it was believed by many early workers that the better heat-

tolerance of the dark-skinned races was probably due to this

factor. Though some investigators have reported a greater con-

centration of sweat glands per unit area of skin surface among
them, these findings have not been corroborated. From the

point of view of heat loss, increased concentration of sweat
glands cannot be considered specially significant as the quantita-

tive outpouring of sweat is less important than its distribution on
the skin to form an even film which leads to rapid evaporation.

A study of the composition of sweat produced in extreme dry

• . r
shows that there is an adaptive response

organism and that the con-

centration of salt in sweat decreases after the

first few days in the hot environment. To cite a concrete example,
the amount of sweat produced with ordinary type of work in a
climate such as that of Calcutta (95®-105°F. or 35®~41®C.) may be
as much as 7 litres during the day. Assuming a sodium chloride

concentration of 0*3 per cent., this means a loss of 22*5 gm. of
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salt. Man's daily intake of sodium chloride is 10 to 15 gm. and
since the average normal excretion of salt in the urine is in the

neighbourhood of 12 gm. in 24 hours, the degree to which mus-
cular work in such a climate may deplete body chlorides is remark-

able. If this depletion is not compensated, the normal acid-

base equilibrium of the body fluids is apt to be seriously disturbed

and heat cramps from loss of salt may supervene. It seems
clear that some sort of adaptation takes place in normal healthy

individuals. Little is known, however, of the nature of this

adaptation, though it has been noted that all men sweat more
readily as they get accustomed to exposure to heat. This

increased ‘ ability to perspire ’ is known to be one of the few
deflnite adaptations to high temperature and it is interesting to

note that it is a case of ‘ controlled ' rather than profuse wasteful

sweating. The sweat secreted is said to contain an unusually

low concentration of sodium chloride and this would appear

to be an attempt at conservation of chlorides, as even on a high

chloride intake their concentration remains low.

Effects on the Digestive System

It has frequently been observed by Europeans coming to

. ^ j ^ . the tropics that there is a definite impairment
of appetite and a lessened desire for animal

food. Though this may indicate a diminished power of digestion,

it is probable that the disinclination for animal food may be
an adaptive response to a lower caloric need in the tropics.

There is also a tendency to an atonic (‘ondition of the gastro-

intestinal tract, as evidenced by an increased tendency to stasis

with resultant constipation and gaseous distension. This may
be due to sedentary habits and lack of exercise though it is

perhaps largely due to the fact that Europeans in the tropics are

apt to follow their old dietary habits suited to temperate climates

and do not take enough carbohydrates, vegetables and water to

provide for the roughage. On the other hand, it is possible that
the high environmental temperature in the tropics leads to a
vaso-dilatation of the skin capillaries and a reflex vaso-con-
striction and anasmia of the splanchnic area, resulting in

diminished gastric and biliary secretions and possibly also, in

an atonic condition of the stomach and intestines. Muller and
Petersen (1936) called attention to the fact that, with skin
stimulation, the activity of the mucous membrane of the
stomach and gastro-intestinal tract was decreased, but with
lessened activity of the skin (as with cold) the functional activity

of the mucous membrane of the gastro-intestinal tract was
increased. It is probable that the inhabitants of warm climates
make an appropriate physiological and dietetic accommodation by
the greater use of condiments. Spices in solution are known to
increase the activity of the villi and secretory glands, and the
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free use of condiments in the tropics may be an expression of the

greater need for gastro-intestinal stimulation where skin activity

is normally unduly accentuated.

A general impression seems to prevail that gastric acidity of

^ rice-eating Indians is lower than that of
as no aci i y. meat-eating Europeans. Napier and Das

Gupta (1935) carried out a fractional gastric analysis on a number
of normal Indian male and female subjects and found that on the

whole their gastric acidity was higher than in normal Europeans.
This is contrary to expectations, for hot climate and vegetarian

diet are both believed to be factors that tend towards decreasing

gastric acidity. No explanation of this phenomenon is yet

forthcoming.

Bacteriologists have claimed that the bacterial flora in the

^ intestines of inhabitants in the tropics are
ac en or

. clifferent from those of colder climes. Arnold

(1934) has shown that the bacterial flora of the lower intestinal

tract vary with external temperatures and hence it is natural to

expect a difference between those found in the tropics and the
cooler regions. 'As the nature of the food is also known to

influence the relative proportions of the various bacterial groups
in the intestinal flora, and as the predominant dietary constituent

in the tropical inhabitants is carbohydrate, the claim has much
in its favour. Workers in this field appear to agree that an
animal protein diet encourages the growth of proteolytic types,

whereas the addition of lactose and dextrin stimulates the

development of aciduric micro-organisms. Normally, a sufficient

amount of lactose in most instances will cause a complete trans-

formation of an ordinary mixed flora into one consisting pre-

dominantly of streptococcal and lactobacillary types. It has
for instance, been recently shown that banana powder, apple
powder, and raisins, when fed to white rats subsisting on a high

protein diet, consisting exclusively of raw chopped beef, produce
a change in the intestinal flora from one in which non-aciduric
bacteria predominate to one in which Lacto-hacillus acidophilus

is the outstanding organism. It has been further pointed out
that the simplification of the intestinal flora varies directly

with the hydrogen-ion-concentration, a piK of 7*0 being charac-

teristic of a gas-producing proteolytic type, whereas an increasing

acidity is characterized by a diminution of proteolytic types and
the replacement by the aciduric types. It is evident, therefore,

that a diet containing sufficient carbohydrate is capable of

effecting a complete turnover from a heterogenous gram-negative

type of flora in persons fed on high protein diet, to a flora

markedly simplified and gram-positive, inducing coincidently

a change in the hydrogen-ion-concentration from nearly neutral

to distinctly acid.

Recent work (1937) on the hydrogendon-concentration of

fflsces of different classes of persons living in Calcutta shows
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that, whereas the reaction of the stools of most of the Bengalees

is acid, those of the Europeans, Anglo-Indians and Marwaris is

mostly alkaline. Although the Marwaris are vegetarians and
live on a predominantly carbohydrate diet, they consume very

little of rice and take more of wheaten bread (chapati). It

would appear that the consumption of rice produces an acid

reaction in the large intestine while wheat produces an alkaline

reaction. When Bengalees were put on bread, and rice was cut

off, the reaction of the stools changed from acid to alkaline in

most cases. In view of the acidity of the stools, it was thought

likely that aciduric organisms would predominate in the stools

of Bengalees, but surprisingly enough Lactobacillus acidophilus

could not be isolated. ^

With regard to bacterial flora in the normal intestinal

canal of Indians and the differences, if any, that may exist in

this direction between Indians and Europeans, our knowledge is

far from complete. In an extensive survey of the bacterial

flora carried out in the School of Tropical Medicine, a non-lactose

fermenting gram-negative bacillus (B. pseudocarolinus) was
frequently isolated from normal healthy individuals in Bengal.

This organism is not present in the stools of Europeans who
have never come to the tropics. It appears to have no definite

relationship to the dysentery group of organisms excepting that

it is sometimes lysable by dysentery phages. In this connection

it is interesting to note that Monilia psihsis which according to

Ashford (1924) is the causal organism in sprue is frequently found
in Calcutta in the stools of persons, who are definitely not suffering

from this disease. It is not possible in the present state of our
knowledge, to state definitely whether such organisms are normal
inhabitants of the intestine or whether they play any part in tlie

causation of the disease.

Effects on the Respiratory and Gardio-vascular
System

There is good deal of divergence of opinion with regard to

the effects of tropical climate on respiration,

depth^ According to some, the frequency of respira-

tion.
^ fions is decreased while others hold that it is

increased before acclimatization. The con-
sensus of opinion appears to be that the rate is diminished but the
depth, as indicated by measurements of the minute volume, is

increased. A slightly deeper breathing is more efficient for the
individual, economizes energy and at the same time, the increase
in the volume of air breathed cools the system. These changes
in the rate and vital capacity are probably of a temporary nature,
evident only in the case of the white immigrants to the tropics,
and are not apparent in the natives of the tropics. Thus, it has
been repeatedly shown that the respiration rate in the native
residents of India, Java and the Philippines does not show
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significant changes as compared with the standards obtained in

the cooler countries of the West.
A slight decrease in the pulse rate and in systolic blood

pressure are very common findings in the
Pulse rate, blood

tropics. Mills (1936) has shown that people

volume. migrating from West Central Europe or
Central North America to the tropics nearly

always suffer a marked fall in blood pressure within a year or two,
even though no debilitating disease or infection has occurred.

Probably there is a slight decrease in blood pressure due to

lowered vaso-motor tone and a general slowing of physiologic

activity in the high environmental temperature in the tropics,

but the changes are comparatively insignificant. The increase

in sweating which is necessary in the tropics must require a
constantly increased blocxi supply to the skin, and has been
estimated to be as much as 50 times of the amount in temperate
climes. The immediate result, if the total volume remains
constant, would mean relative anaemia of the splanchnic region

and the vital organs in the abdomen. To counteract such
circulatory disturbances there is usually an increase in the total

blood volume. Barcroft and his co-workers (1923), in an expedi-

tion from England to Peru found that the blood volume increased

as the tropics were entered. The rise in blood volume was
accompanied by a fall in haemoglobin indicating that this was a
simple dilution effect, blood plasma being drawn into the capil-

laries from the tissues. These results signify that the organism
in the tropics, becomes at least temporarily ‘ wetter ’ and so is

able to sweat more easily and plentifully.

The pale complexion of the white races migrating to the

XT 11 tropics has been frequently referred to as an
indication of anaemia or ‘ thinness of blood ^

Most authorities are of opinion, however,
that a tropical climate per se does not produce true anaemia.

Several workers in the Dutch East Indies including Eijkman
(1924) found that the values for red blood cells and the haemo-
globin lay more or less within the same limits for the white
sojourner and the native residents of the tropics. Dhar (1937)

in Calcutta studied the normal haematological standards of a
large number of Indian women and found that the average values

for haemoglobin, red cells, mean diameter of red cells and leuco-

cytes are lower than the average figures reported in the European,
American and Japanese literature for the same age groups.

Indeed, the normal average haemoglobin value which this worker
obtained (1P47 gm.) for Indian women would be considered in

Europe and America as bordering on anaemia. Napier and his

co-workers (1937) at the School of Tropical Medicine, on the

other hand, have not obtained any evidence that the haemoglobin

level in the Indians and in the healthy Europeans in India was
low. In the healthy male Europeans the haemoglobin was
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usually about 125 per cent, on the Haldane scale (17*2 gm. per

100 c.c. blood) and seldom below 120 per cent. (16*6 gm.). This

is much higher than the ‘ normal ’ figure usually quoted for

Europeans in Great Britain. In two series of normal healthy

Indians consisting of 50 and 30 individuals the mean haemoglobin

contents were found to be 14*77 gm. and 15*70 gm. respectively.

Sokhey (1932) in Bombay got a mean of 15*11 gm. in a large

series. These figures are not materially different from the normal
figure.s given for males in Great Britain and, if anything, are

slightly higher than the standard figure of 14*5 gm. given by
Price-Jones. With regard to the number of red cells, the

average figures obtained in the Calcutta series were 5,533,000

and 5,362,000 and the mean of the Bombay series was 5,110,000.

These figures are again above the classical 5,000,000. Even if

the figure of 5,428,000 given by Price-Jones is considered as the

normal mean count, the figures obtained in the Indian series are

not much below normal and there is no reason to believe, that

the size of the red cell differs from that in cooler climates and
the c*olour index, volume and saturation indices are all in the

neighbourhood of 100.

Most ha3matologist8 in the tropics appear to agree that the

white blood cells are generally decreased though the change is

not very great. As a rule the poly-nuclears have been found
reduced and the Arneth count shifted to the left. This has
been fully confirmed by workers in Iraq and by Dharmendra
(1937) in Calcutta. Napier (1935-37) found that the number of
leucocytes if it differed at all, was slightly lower than in temperate
climates, but the eosinophile percentage was definitely higher.

In 50 normal city-dwelling Indians who had no heavy helminth
infections, the mean eosinophile percentage was nearly 7*0.

Not only is the normal eosinophile count of the Indian high,

but in disease the eosinophilia tends to attain a very much higher
proportion than in the Europeans in temperate climates, e.g.

60 to 80 per cent, eosinophilia is not uncommon in asthma and
other conditions.

It is not jx)ssible in the present state of our knowledge, to
explain the significance of the different hsematological responses

observed in the tropical races. From the findings of Napier
and workers in the West, it seems reasonable to conclude that,

far from interfering with the functions of the erythropoietic

organs, the tropical climate may actually exert some stimulating
action on these organs. The possible bearing of the low average
white cell count on the defensive mechanism against disease
processes requires further investigation.

There is little doubt that there is a more pronounced dis-

turbance of water metabolism and water

bi-SZJSl chan-
movement in tropics than in temperate

ges in blood. surroundmgs. This will naturally be reflected

in the water content of the blood. A number
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of observers have attempted to throw light on this important
aspect of tropical adaptation by measurement of blood chloride

concentration. ^Sundstroem (1925) working in Australia found
that the blood plasma was more concentrated than normal and
richer in chloride content in a hot environment. As the formed
elements of the blood actually became richer in water, it was
probable that there was a shift ofwater from plasma to corpuscles.

Barbour (1924-5) showed that there is considerable dilution

of the blood prior to and accompanying the outbreak of sweat
in hot and humid environment. This hsemodilution nia}^ be
only temporary as the heat loss through evaporation may reach
such proportions that the water in the red (iells may be drawn
upon to supply the water for perspiration. A slight alkalosis

has been reported particularly in persons of sedentary habits

which can be removed by water intake and muscular exercise.

The average concentration of serum proteins in the blood of

Indians according to Chopra and Mukerji (1931) appears to be
slightly lower than the accepted standard figures of Euro-
peans, but the albumen-globulin ratio remains unchanged. The
results with regard to non-protein nitrogen content are not
conclusive. Since protein intake is likely to be low in the

tropics, this will probably be slightly lower than normal. The
lipoid constituents of the blood including cholesterol have
generally shown lower values. Blood sugar apparently is not
much affected by the climate though it was generally believed

to be high in the tropics. In view of the common belief that

the tropical climate tended to produce an increase in blood
sugar, it was thought that diabetes was more common in the

tropics. The studies of Mills (1930) have shown, however,
that diabetes is more common in the temperate climes. Serum
calcium is appreciably increased, probably as a result of excessive

production of vitamin D from ergosterol due to the radiant

energy of the tropical sun. Sundstroem reported a reduc*tion

of total phosphorus, but the finding has not been confirmed.

Effect on the Nervous System

That hot environment actually disturbs the psychological

reactions of the individual migrating to the tropics is generally

admitted
;
but it is doubtful if the climate alone is responsible.

The climatic element along with a large number of other factors,

viz,, social hygiene, isolation, sedentary habits, alcohol, etc.

undoubtedly plays a part. There is, however, a physiological

basis for the concept that the higher centres may be influenced

by a series of stimuli from the peripheral sense organs and there

is a theoretical possibility that the nerve cells in the brain might
be exhausted or fatigued if the stimuli are of a type to which
the nervous system is not ordinarily accustomed. There are

many instances where a close correlation ofa pathological nervous
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state can be made with changes in the climatic and meteorological

factors. It is, for example, well known in epileptic colonies that

the fit-incidence rises when the weather is close and sultry, and
before and during storms. Migraine is likewise affected by the

weather. Victims of chronic pain have a peculiar interest in

the weather. Neuralgia, locomotor ataxia, and other painful

diseases are always aggravated when it is damp, cold and windy.
The weather may influence the course of chronic psychosis and
unfavourable conditions may exaggerate pre-existing states of

either depression or excitement.

The intense heat and the bright sunlight of the tropics are

. , .
the two factors which have been most com-

Tropical imtabi- monly incriminated as agents in weakening
' the control of the higher centres over the

lower and causing the so-called ‘ tropical irritability and neuras-

thenia *. Pediatricians in the tropics have often said that in chil-

dren, memory, initiative and application become bad after the

tenth year. It appears however that the measureable physiologi-

cal disturbances are on the whole not very significant. It has

so far not been possible by physiological, psychological and bio-

chemical methods to furnish the desired evidence for altered

functions of the nervous system. There may be, however, non-

measurable and subtle nervous effects which may be of funda-

mental importance in the problem of acclimatization. Residents

in the tropics are less prone to feel the depressing effects of a

continuous high temperature and humidity, and the nervous

effects observed among white settlers are conspicuous by their

absence in the natives. There is probably no impairment of the

higher psychical reactions and memory traces in the former as

has been claimed for the white sojourners.

Effect on the Endocrine System and Growth

It has often been observed that the endocrine glands may be
disturbed in tropical climes. The association of increased

metabolism, high energy level and higher incidence of metabolic
diseases in a cooler climate and a sluggish metabolism, a low
energy level, decreased resistance to infection and lower incidence

ofmetabolic diseases in a tropical climate are generally recognized,

and it is probable that all these factors are ultimately bound up
with the question of the activity ofthe glands ofinternal secretion.

Much experimental data both physiological and pathological

have been collected, indicating that the

thyroid-adrenal apparatus may be affected in
pp ra u8.

^ environment. The defective heat
regulation of patients suffering from myxoadema directed the
attention of workers to the reaction of thyroidectomized animals
to changes in temperature. In the thyroid glands of animals
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reared in a hot environment definite histological evidence of a
diminished colloid content has been found. Cramer (1930)
adduced evidence to indicate that the activity of this gland is

diminished after experimental heat exposure for a certain

length of time. So far as the suprarenal gland is concerned,
a relationship between this gland and heat regulation has been
established by showing that exposure to cold is a powerful
stimulus to its functional activity. According to Mills (1929)
definite disturbances of body function may result from too
prolonged and severe moist heat due to hypofunction of adrenal
glands.

That the thyroid-adrenal apparatus is concerned in the
heat regulation of the body, is borne out by pathological evidence.

Lesions of these glands are frequently accompanied by marked
disturbance of heat regulation, and conversely disturbances of
heat regulation as in fevers, frequently produce lesions in these

glands . High temperatures are known to affect adrenalectomized
animals more easily, and frequently they die in a temperature
which is not serious for the control animals exposed for the
same length of time. All these facts indicate that there is a
lowered resistance to heat in adrenal insufficiency.

These facts enable us to speculate on the close inter-relation-

ship that exists between heat regulation and the thyroid-adrenal
system and which afford a physiological basis for the study of the
fascinating problem of the influence of climate on man. It has
often been noted that a warm, moist climate with little change
from day to day is ‘ relaxing *. This might be the result of a
failure to stimulate the thyroid-adrenal apparatus and through
it the sympathetic system. Conversely, the cool variable climate,

which is associated with increased activity and energy, probably
provides a continued stimulus to these endocrine organs and the
sympathetic. Mills (1932) considered that it is by whipping up the
glands of internal secretion (especially the thyroid, adrenals and
pancreas) that the human organism responds to weather stimula-

tion. The same explanation may be applied to the relation

between climate and health. Why is the resistance against

certain bacterial infections such as tuberculosis, increased by a
suitably cool, dry climate, and by measures such as open air

treatment, hydrotherapy and the like ? Hitherto, it has been
thought that such measures increase the metabolisni. An
increase in metabolism, however, can be induced by other means
such as muscular exercise, but this is likely to do more harm
than good. The answer to the question probably is that those

measures are beneficial which stimulate the thyroid-adrenal

apparatus without exhausting it and thus strengthen the normal
reactions of defence of the organism against bacterial infec-

tions. Conversely a warm, moist, monotonous climate weakens
resistance against infections, not because it reduces metabolism
as many have thought, but on account of the continued absence
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of a stimulus to the thyroid-adrenal and the sympathetic
apparatus.

It has often been stated that girls in tropical and sub-tropical

Sex lands
regions menstruate at a comparatively early

ex g an
. ^ well-known fact that women

marry and bear children earlier in warmer countries than in

cooler regions. These facts have led to the belief that the

tropical climate induces premature sex maturity. There is,

however, no direct proof of this as no reliable statistics are

available. In India, various ages, ranging mostly between
twelve and thirteen years, have been given for the onset of mens-
truation. These figures are probably derived from observations

on the time of motherhood. The mean age for the beginning of

menstruation is 15 to 16 years among the negroes on plantation

in Jamaica and Barbados. Greater stimulation and earlier

maturity of the sex glands has been observed in North American.

States where the climatic changes are more frequent and more
severe throughout the year. Mills and Senior (1930) have
(collected data to show that human fertility, as indicated by the

conception rate, depends on seasonal variations in the tempera-
ture. The maximum conception rate is always found when the

mean monthly temperature is around 60®F (15*6''0.). Mean
temperatures above 70°F (21*FC.) and below 40°F (44X\)
produce a definite depression in conception rate. Ogle (1934)

confirmed these observations by experiments on animals and
showed that white mice subjected to warm humid environ-

ments exhibited a low fertility. These results would indicate a

definite depression, instead of a climatic stimulation of the

gonadal activity of the females in the hot and humid regions of

the tropics.

Basal Metabolism in the Troptos

The question of the influence of climate on tlie basal

metabolism of the individual is an important subject and has
received considerable attention during the last 3 or 4 decades.

No satisfactory evaluation of the effect of the climate on meta-
bolism, however, is possible even to-day, in view of the wide
divergency in the results recorded. A review of the work
carried out in tropical and subtropical regions in different parts

of the world shows discordant results. Time will not permit me
to make a detailed survey of the evidence presented by different

workers but I will refer to the work carried out in India which
is typical of that done elsewhere. Mukerjee (1926) experimenting
on 15 Bengali medical students, found that the basal metabolic
rate was on an average 9 per cent, lower than the European
standard (Sanborn Standard). Sokhey (1927) found that in

15 out of 21 students, the basal metabolic rate was 10 to 2^
per cent, lower than that of the Du Bois standard. This was
further confirmed by Mason and Benedict (1931) who found the
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basal metabolism 16*9 per cent, below the Haris-Benedict stand*
ard or 17-2 per cent, below Aub-Du Bois standard. Mukerji and
Gupta (1931) showed a decrease in the basal metabolic rate by
13*3 per cent, below the Du Bois standard. Krishnan and
Vareed (1932) working in Madras found that the basal metabolic
rate was 12 per cent, lower in man and 16 per cent, lower in
women as compared to Du Bois standard. It is not yet agreed
whether this lower metabolism is the result of the tropical heat
(Rahman, 1936) or is produced by some dietetic or racial factor
(Mason and Benedict, 1931). Bose (1934) carried out a large

number of observations by the Sanborn technique at the School
of Tropical Medicine and came to the conclusion that the basal
metabolic rate of healthy normal Indians living mostly on a
mixed diet does not differ materially from the accepted standards
of Europeans and Americans.

Taking a general view of the whole problem, it would appear
that the observations of the majority of the workers who studied
metabolism in the tropics are in agreement that there is either

a slight decrease or no significant difference in the basal heat
production in people living in the tropics as compared with
the inhabitants of the cold or temperate regions. It seems
inconceivable that such a fundamental factor as basal metabolism
should be affe(?ted by climate to any great extent any more
than the body temperature. A very low or high basal metabolic
rate reported in the literature is probably due to uncontrolled

observations or possibly some fault in the technique employed.

Diet and Adaption in the Tbopics

Among all the demands which the body makes on its

Protein and fat

requirements.

environment that for food is of outstanding

importance, and it is to-day becroming well

recognized that correct nutrition may pro-

foundly affect the well-being and the social value of the

individxial. Considerable attention has therefore been directed

to the adjustment of diet for different deficiency diseases and on
the question as to how a well-balanced diet, containing all the

proximate principles and other important constituents (vitamins,

etc.) could be made available to the masses. Caloric value of

food-stuffs which was at one time the basis of dietetic studies,

is for the time being relegated to the background, and com-
paratively less attention is now being paid to their energy and
heat-producing properties.

As pointed out before, the adaptation which man is called

upon to make in the tropics is primarily one of heat regulation.

The problem of diet is intimately connected with the problems

of heat regulation, body temperature and metabolic rate, and
any one of these factors cannot be considered without reference

to the others. Though considerable work has been done on
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different aspects of dietetics, the question of the suitability or

otherwise to the tropical climate of the common food-stuffs

available in the tropics is not satisfactorily answ^d. Nature
offers fat and protein in the arctic regions and carbohydrates at

the equator, and man in these areas has always accepted them as

his staple foods. The old idea that the diet which a race has

adopted in a particular region is best suited for its needs has

been refuted, in the light of modem research on ill-balanced

dietaries and nutritional diseases in those areas. It is not yet

clear as to what is the optimum or ideal to be aimed at with a view

to effect a suitable adjustment to the climate.

The proportion of protein, fat and carbohydrate varies

considerably in the diets of different races, depending largely on
the type of food available and also upon the customs exflsting

in particular localities. The prevailing diet of the masses in the

tropics is derived largely from vegetable sources and car-

bohydrates generally predominate in it. Nearly a century ago,

Chevers thought that the Hindu dietary with a very moderate

quantity of animal food was the one most suited for a tropical

climate. It will be of interest to examine how far the generaliza-

tion of Chevers is justified.

The protein requirement of the tropical races has been the

subject ofintensive investigation and research

^^of^protein^'^^
^ number of workers in India and

^ ’ other tropical countries, but no definite con-

clusions have yet been drawn. It has been pointed out that in

many parts of the world those who consume a diet with high

protein content have a better physique and are more virile than
others of the same race who, for one reason or another, consume
less protein. In the north of Italy, for instance, where the

protein consumption is higher, the physique is better than in

the south. The same statement has been made about India

although here racial differences may have something to do with
the diferences. McCay said about a quarter of a century ago

—

‘ As we pass from the North-West region of the Punjab down the
Gangetic plain to the coast of Bengal, there is gradual fall in the
stature, body weight, stamina and the efficiency of the people.

In accordance with this decline in many characteristics, there is

an accompanying gradual fall in the nutritive value of the
dietaries McCarrison working in South India confirmed the
findings of McCay and concluded that there is a chronic protein

starvation in the dietary of the Indians. Recent researches by
Ackroyd and Wilson in this country have shown that the main
deficiency in the diet is the lack of proteins of high biological

value and certain salts, and this defect in the dietary, which can
be easily corrected with small quantities of uiilk is responsible

for the malnutrition and consequently the poor physique of the
children. On. the other hand, the fact cannot be overlooked that
the meatless diet of some of the finest soldiers of the Indian
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army has a low protein content. There is already a considerable

volume of opinion that the protein intake in the tropics should
be less than in temperate climates and the Chittenden and
Voit standards of protein quota may not be applicable to the
Indian dietary. It is well known that protein food, by virtue of

its specific dynamic action, generates a good deal of heat. The
Eskimos who live in the arctic zone, consume large quantities of

meat, sufficient to raise their metabolism over 50 per cent, which
is an obvious practical advantage. Such a diet in the tropics

would be considered unsatisfactory as it would throw an addi-

tional burden on the heat-regulating mechanism which is already
over taxed. From this point of view a low protein vegetarian

diet seems logical and advisable in the tropics. Recent researches

tend to show that there are a number of important factors wliich

deserve special attention in determining the minimum quantity

of protein necessary to preserve nitrogenous equilibrium, e.g.,

the particular protein the subject is accustomed to take and the
ratio of the inorganic bases to inorganic acids available to or

formed in the body of the subject. The coefficient of absorption

also varies enormously in proteins of animal and vegetable origin.

Inhabitants in the tropics usually obtain a large percentage of

their protein requirement (70 to 80 per cent.) from vegetable

sources while Europeans do not draw more than 25 per cent,

from this source. Vegetable protein is said to have less ‘ bio-

logical ’ value than animal protein. It is futile to work out an
allowance of say 80 gm. of protein per day, if a good portion of

it is derived from vegetable sources with poor ‘ biological
’

value and it may not be assimilated. Then again, a food may
show variation in the absorption of its protein content merely
because of various methods of cooking. For instance, dais

(lentils, commonly used in Indian dietary) if not properly cooked
lose a lot of protein value. If they are simply boiled until soft,

as is usually done and consumed, about 40 per cent, of the protein

content is lost from non-absorption. If, on the other hand,

they are mashed and cooked with special attention to the tem-

perature and water content, the loss is not so great. This also

applies to rice which is the staple article of ffiet over a large

part of India. A diet, theoretically perfect, may still be quite

unable to supply the physiological needs of the race for whom
it is intended. It is therefore of utmost importance that in

assessing the amount of protein in a diet, its source should be

known and the computation for protein requirements made,
with special reference to the manner in which it is going to be

available for final consumption.

It is a common expm^ce in the tropics to fiid that the

- poorest classes live on an almost fat-free
a - ree le ary.

small amount of fat that they

do eat is also often adulterated. Thus, mustard oil which is

consumed by quite a large section of the population in Bengal
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is often impure and contains adulterants ; the palm oil of other

tropical dietaries is very variable both in fat and vitamin content.

That fat is an important constituent of diet has been long known
but that it is also an essential constituent which cannot be

replaced entirely for instance by carbohydrates was not realized

before. Recent researches have forcibly stressed the fact that

fats, if completely excluded from the diet, might lead not only

to stunted growth but also to the development of various lesions

indicative of malnutrition in the body. The fatty acids in fat

are probably quite as important as the fat-soluble vitamins.

From these considerations, it is logical to conclude that the

almost fat-free diet of the Indian races is an important cause

of the general and wide-spread malnutrition. From the point

of view of adaptation to a tropical environment a diet com-
paratively poor in fat has obvious advantages. In the colder

parts of the world, where harder physical work can be, and
often is performed, a fairly high caloric intake is necessary and
this cannot be supplied without including a generous proportion

of fat. A caloric intake of a Canadian lumberman of 9,000 for

example, could not be consumed as starch without putting too

much strain on the demands of the alimentary canal. Fat is

much less bulky than cereal foods and, bulk for bulk, is a much
richer source ofenergy and heat. Besides in the tropics anunduly
large layer of body fat external or internal is not so neces ary
as in the cooler regions, which naturally leads to a diminished

demand for it in the dietary.

Carbohydrates have a definite and important effect on the

mechanism of the body.

®^he dietMy!
Numerous workers have noted that a change
from a fat diet to a starch one involves con-

siderable retention of water and vice-versa. Some of it is taken
up by the stored glycogen and some as extra fluid in the extra-

cellular and probably intracellular fluids. In other words, on a
carbohydrate diet, an increased amount of water is available

for evaporation and urine secretion in case of necessity. More-
over, carbohydrates are always the first to be metabolized and
hence pari passu more motile fluid is available while they are

being consumed. Experiments on rats on a fat-free diet have
shown that these animals consume more water and excrete
actually less urine than others with fat in their diet. More
fluid appears to be eliminated by the lungs, under such
conditions. Further, pulmonary ventilation is greater when
carboh> drates are being burnt, owing to a larger output of carbon
dioxide per calorie of heat than on a fat diet. This would
increase the heat loss by evaporation of water from the lungs.
These experiments are suggestive in view of Eijkman’s (1924)
observations in Java. He found that the Malayan is more
economical (physiologically) in his water elimination than the
European. Under identical conditions, a European lost 143 gm.
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of water and a Malayan only 105 gm. of water by insensible

perspiration in a given period. Contrary to expectation, the

Malayan had also the smaller volume of urine, even though he
had received extra water, while the European had been deprived
of it during the observation. The European appears to waste
water as liquid perspiration which does not therefore perform
its physiological function—namely evaporation and heat loss.

The problem therefore is how much of this adaptation is racial

and how much of it is due to carbohydrate diet conserving the

body fluids. The increased urine elimination of the European
may have been due to his greater excretion of nitrogenous pro-

ducts which would be much less in the Malayan with his low
protein diet. The Malayan, on the other hand, may consume
more salt, which under certain circumstances promotes retention

of water.

The considerations set forth above are particularly important
if we are to construct a dietary suited to the climatic conditions

of the tropics. Some medical men, obsessed by the idea that

a good dietary must be rich in protein and fat, have advocated
the wholesomeness of the protein-rich European dietary for the
tropics, overlooking the fact that whole nations and working
classes can develop satisfactorily and lead healthy and mentally
productive lives on a diet which is almost equivalent, as far as

caloric value is concerned, to the European diet but which
is very poor in animal protein. It seems that dietary types

like racial patterns cannot be laid down in rigid terms. The
dental structure and alimentary canal of man are pre-eminently
suited for a mixed diet and he is therefore probably capable of

adapting himself to diets varying widely in their compositions.

The determination of the minimal animal protein requirements is

an interesting subject for future research and it is possible that

these depend considerably on climatic considerations.

Tropical Climate and Resistance to Infection

We have so far considered the effect of tropical climate on
the individual involving chemical, physiological and psychical

reactions. It would be interesting now to examine whether
these changes extend to the bacterial flora of the mucous
membranes of the throat, respiratory passages, the gastro-

intestinal tract and other parts of the body. It is possible that

climatic factors not only influence the physiological forces of the

organism but also affect the pabulum on which the bacteria

vegetate without in any way affecting the bacteria themselves.

This brings us to the question of environment and host resistance,

the importance of which from the epidemiological point of view

cannot be over-rated. It seems logical enough to expect, if we
accept the evidence that has already been presented regarding

the alteration of the chemical, hormonic and psychical status of
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the individual as a result of environmental changes, that localiza-

tion of bacteria and other micro-organisms in the tissues is

favoured by association with altered membrane permeability,

vascular changes, metabolic alterations and ionic shifts. If

these changes take place in the particular foci such as the throat

and the mucous membrane of the gastro-intestinal tract, the

host parasite relationship may be altered and clinical disorder

may result

There are many recorded experiments as to the effect of

temperature and humidity on the resistance
Infections of the gastro-intestinal infection. Arnold and

colleagues (1927-29) studied in consider-

able detail the effect of high temperature,

especially when associated with high humidity, on the gastro-

duodenal bactericidal mechanism of the dog. They showed
that normal dogs exhibit a self-disinfecting power for ingested

bacteria. If a living bacterial emulsion was administered by the

mouth, these organisms could not be recovered from the caecum
in a viable state. When these dogs were placed in warm rooms
(90-95‘'F. and humidity 90 per cent.) and treated in an identical

manner, the bacteria ingested by mouth were passed on to the

caecum in a viable state, showing that the heat and humidity
caused an interference with the bactericidal power of the dog.

Again bacteria injected into the ventrally fixed duodenum of

dogs placed in warm rooms soon appeared in the caecum in

large numbers. The same animals, handled in a like manner
at ordinary room temperature, destroyed the bacteria before they
reached the caecum. Since in these experiments gastric acidity

was excluded, one must assume that there was some other factor

besides gastric acidity, or in other words, that the humid heat
caused a change in the bacteriolytic action of the intestinal

mucosa. In mice infected per os with the same dose of Salmonella
enteritidis the fatality at a high temperature and high humidity
was almost three times what would be at the same temperature
but with low relative humidity.

These experiments show that high temperature associated
with high humidity favoured the passage of infecting organisms
across the gastro-duodenal barrier and increased the permeability
of the intestine so that the bacteria could pass into the lym-
phatics, and finally reduced the defence of the animal to such an
extent that the severity of the infection was enhanced. The
fact should not be lost sight of that these experiments dealt
with sudden changes of temperature and humidity. Had the
experiments been conducted on animals acclimatized to a tropical
climate, the results might have been different.

In attempting to correlate the experimental findings with
clinical data, we are confronted with certain difficulties. It is

known that enteric infections, dysenteries, diarrhoea, and colitis

increase during the spring and summer months and diminish
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during the winter. This increase, which is often sharp and
sudden, is partly ascribable to the sudden rise in the external

temperature which probably inhibits the gastric secretions and
allows either infectious organisms or irritating toxic substances

to pass more readily into the lower intestinal tract. Furthermore,
it would appear that at a high humid temperature the intestinal

tract is also more sensitive to the irritating substances produced
by the normal intestinal flora. Mills (1928) in China, called

attention to gastro-intestinal disturbances, associated with
nausea and vomiting, following a sudden elevation in tempera-
ture and humidity. Similar effects have often been observed
in India and Egypt. A sudden change to a high, humid tempera-
ture may therefore facilitate infection, or give rise to non-specific

irritation. It is possible that there are certain other factors

such as seasonal changes in the vitamin content of food-stuffs

which are responsible for the rise and fall of resistance.

Goldwasser and Kligler (1930) studied the character of the
intestinal flora of normal individuals during different months
of the year under the influence of the usual diet. The number of

bacteria excreted by a normal person was variable. During
winter, the number of bacteria was relatively high, and cocci

and anaerobic spore-formers predominated, while in spring there

was a transformation with a fall in the bacterial content with
the coli group preponderating and cocci and spore-formers

diminishing. This indicates that, associated with the sudden
rise in temperature, there are changes in the intestinal tract

favouring the development of saprophytic and pathogenic

members of the colon-typhoid group. The cumulative data go
to show, therefort^ a seasonal flux in the condition of the intestinal

tract ofman, while the experimental results obtained with animals

show to a large extent that corresponding changes are induced
in them by a change from an environment with a high to one
of low cooling power.

Evidence of significant changes in the physiological condition

of the nose and nasopharynx in response to changes in tempera-
ture and humidity has been produced and it may well be that

some of the changes are associated with a lowering of local

resistance and a predisposition to cold and other respiratory

infections. Cock and Mills (1932) investigated the effects of

atmospheric conditions on the upper respiratory tract and found
evidence to indicate that it was not only the bacteria which were
responsible for the catarrhal inflammation in the respiratory

tract, but environmental factors such as seasonal alterations in

temperature and humidity were also important accessory factors.

External temperature and humidity were important controlling

factors in the incidence and death rate of lobar pneumonia. In

diseases like asthma, many workers in the field have recognized

the influence of climatic variations and have more than once

shown the association of climatic fluctuation with asthmatic
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attacks. Evidence has also accumulated which shows the sea-

sonal fluctuations of streptococci in the throat and the severity

of attacks of rheumatism and rheumatic arthritis. Wheeler,

Wilson and Leask (1935) made observations on 4,857 throat

cultures from 123 rheumatic children and have shown conclu-

sively the close relationship of the pharyngeal flora with seasonal

variations and the inciden<*e of rheumatic attacks. Sharp and
John (1937) have shown that carriage of haemolytic streptococci

is at a low level during the summer season and the warm climate

of the Southern States of America tends to prevent or mitigate

an attack of rheumatism. More information, however, is

needed to prove direct correlation between environmental features

and naturally occurring infections of the respiratory passages.

It has been suggested that ultra-violet irradiation of the

body, which is naturally obtainable in the
Radiation

tropics, has the power of increasing resistance

tion. infections. A number of workers have
demonstrated a temporary increase in the

bactericidal power of the blood as the result of exposure to ultra-

violet rays. This view is, however, not universally accepted.

A careful study of the frequency of colds among irradiated and
unirradiated groups of volunteers at Johns Hopkins Hospital
has definitely shown that resistance to infection is not altered

by irradiation. Similar results were obtained with rabbits

injected with Pasteurellci lepiseptica

I do not propose here to enter into the field of immunity
reactions and immune bodies in relationship

inrnum y reoc-
(dimatic changes. It is certain that

the litre of immune bodies will change with
the alterations in the physico-chemical status of the blood.

The Report of the New York State Commission on Ventilation

(1923) states that rabbits maintained at a temperature of 86°F
(30®C.) showed distinctly delayed formation of hemolysins and
reduced agglutinating power, as compared with control animals
kept at 68°F (20°C.). It has been recently shown that in
rabbits, heated so that their body temperature is raised
to above 40°F (44*^0.), agglutinins and bacteriolytic substances
are produced in greater quantities than in control animals kept
at room temperature. These preliminary studies indicate
interesting inter-relationships and open up a new field ofinvestiga-
tion.

A few words may be said about hypersensitiveness and
... allergy in the tropics as the phenomenon is

* closely associated with resistance to infection.

The Indian tribes of America suffered much
less from allergic diseases and were much less susceptible to
experimental serum disease than the white races. Acton and
Dharmendra (1933) pointed out the rarity of asthma of allergic
origin amongst Indians. The reason for this lower incidence is
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not known and will remain unanswered until the true nature of

allergy is known. There is evidence, both experimental and
clinical, that hypo-adrenia plays an important role in the pro-

duction of allergy. It has also been claimed that slight changes

in the biochemical make-up of the body might give rise to pro-

found changes in the reactions to foreign bodies and external

stimuli. It has been shown, for example, that a shift of the

hydrogen-ion-concentration to the alkaline side greatly increases

sensitiveness in certain tissues. I have already indicated that

hypo-adrenia might well be brought about as a result of tropical

heat. If this hypothesis is accepted, a higher incidence of allergy

in the tropics would be expected. Apparently such is not the

case. This question must be thoroughly studied before any
satisfactory explanation can be offered.

Concluding Rbmabks

From the survey of the effects produced bj^ tropical environ-

ments on the physiology of the individual, certain points emerge
which are worthy of ftirther consideration and discussion. The
idea that living bodies receive modifying impressions, both as

regards form and quality, from the physical environment is of

ancient origin and may be said to be definitely established by
the experimental physiological data now available. There are,

however, many lacunae in our knowledge of the physiology of

the external environment which need filling so that we may
present a connected account of all these alterations in the func-

tions of the human organism. The human organism (the

microcosmos) swings in a definite rhythm with the macrocosmos
(atmospheric environment). In the interplay of the meteoro-
logical rhythm with the biological rhythm of the individual,

there may be synchronization, amplification, summation, or

negation of effects, depending on the type and reactivity of the
individual. It is conceivable, for example, that a long, thin,

flaccid individual will react to an environmental feature such as

atmospheric temperature, differently from a florid, stocky and
strong type of individual. This brings us to the important ques-

tion of ‘ constitution ’ and shows how the question of normality
may be inter-related ultimately to the constitutional types.

For all practical purposes, however, it is not necessary to consider

such individual fluctuations and peculiarities, as many of these

variations are smoothed over and neutralized when larger groups
are considered. It is therefore to standardize physiological data
in terms of ‘ normal ’ and ‘ normal ranges ^ that we consider

groups, and not individuals.

There is great need for determining such physiological

normals in the tropics. Even in such simple matters as body
temperature, blood pressure, etc., the findings are not always in

accord. The question of a normal standard must necessarily be
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one for revision in the light of additional data and more exact

technique. The differences of technique alone account for much
of the difficulty in correlating earlier results on blood chemistry

and blood pressure. When we are in a position to compare

alterations produced in response to tropical environment, in

terms of ‘ normals ’ fixed in the tropics on ‘ tropical ’ individuals,

we will not only be able to understand and explain their signific-

ance more fully, but we may also be able to find out the optimum
environmental conditions necessary in the tropics for the maxi-

mum development of physical and mental vigour. That environ-

mental factors determine to a great extent the progress of man-
kind, Huntington has shown, and many of his conclusions have

been confirmed by Mills. •

The immediate effects of tropical heat and humidity on
the inhabitants of cooler climates are known. Most of the

physiological measurements have been recorded either on white

races migrating to the tropics or at best on white settlers in the

tropics. But these data cannot be iised satisfactorily to explain

how a native of the tropical climate would react to such varia-

tions. These records of altered physiological manifestations are

no doubt useful indications of the type of variations to be

expected, but any comparisons with the European figures as the

standard will naturally be of doubtful value. CreditaWe attempts

have been made by pioneer workers in the Philippines and
Australia to supplement the information obtained on human
races, by carefully controlled experiments on animals in artifi-

cially produced tropical environments. These animal experi-

ments have supplied a large amount of useful data but these

are also subject to the same criticism. The experiments were
conducted for specified periods and though the results look quite

conclusive as far as they go, they throw no light on how animals

accustomed to tropical environments for generations would
react to climatic changes. There is much scope for work of this

kind in India with local strains of animals reared under condi-

tions peculiar to the country.

The question of basal metabolism and the inter-related

problem of optimum diet in the tropics needs further investiga-

tion even though the available data are by no means meagre.
There seems to be some evidence to show that metabolism in

the tropics is slightly lower than in cooler climates. As this

observation fits in remarkably well with the known physiological

facts regarding heat regulation in the tropics, and the diet in

the tropics is predominantly rich in carbohydrates and poor in

fats and proteins. European investigators are prone to lean to

this view. Work in the Calcutta School of Tropical Medicine,
however, has shown that there is hardly any difference in the
basal metabolic rate in apparently healthy Indians (Bengalees)
subsisting on an ordinary mixed diet. It is important, therefore,

to re-investigate the problem and to see whether any racial
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factor is involved in it. Intimately associated with the question

of basal metabolism is the question of the functional activity of

the endocrines. There is some evidence to show that tropical

environments depress the thyroid-adrenal apparatus as well as

the gonads, and the sluggish metabolism, the lower energy rate,

the earlier onset of the menopause and the supposed lowering

of host resistance are only expressions of this endocrine dysfunc-
tion and inadequacy. Here lies an aspect of physiology which
should attract young scientists. While some observations by
histopathological and histochemical methods on the colloid

content of the thyroid gland and the presence or absence of
‘ granules ’ in the cortex and medulla of the suprarenals have
been recorded as evidence of their altered function, and while
quite a large volume of work indicating the active participation

of the supra-renal glands in the process of ‘ chilling ’ have
emanated from the laboratories of Prof. Cannon of the Harvard
University, there is as yet no definite and direct proof of this

endocrine insufficiency or dysfunction under tropical environ-

ments. No satisfactory method exists for estimating the amount
of adrenalin in the circulating blood and body fluids. If such a
method can be devised and t^e technique perfected, it will be a
distinct advance in the study of the activity of the endocrine
functions in individuals living under different climatic environ-
ments, and in correlating this activity with increased or decreased

metabolism, increased or decreased resistance to infections,

increased or decreased somatic reflexes and psychical status of
individuals. It has been reported that the incidence of metabolic
diseases, viz, diabetes, exophthalmic goitre, and Addison’s
disease, pernicious ansemia, angina pectoris, chronic nephritis,

etc. are lower in the tropics than in the temperate zones, while
on the other hand, the infectious diseases generally are more
common. It is also a general belief that sexual maturity is

gained earlier in the tropics than in cooler climates. Recent
researches, however, tend to indicate that the reverse is pro-

bably true. Much useful work could be done in this connection
in India. It is probable that the final answer to these and to

many such conflicting hypotheses will be found through a
study of the endocrine inter-relationships. In presenting this

subject, I realize more than anybody else, the complexities of the
task and the limits of the undertaking that I have set upon my-
self. On going through the literature on the subject, one is

forcibly struck with the extremes of opinion held and the dis-

parities in the observed and recorded facts regarding the various
responses of the body to climatic changes. The reason for these

differences is not far to seek. The study of this aspect of physio-

logy presents inherent difficulties, as here, unlike that of other

problems one has to analyze carefully the innumerable possibilities

entailed by the interaction oftwo highly dynamic systems, viz, the
atmospheric environment with its constant fluctuations and
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‘ pulsations ’ due to cyclonic circulation and temperature changes

of the incident solar energy, on the one hand, and the human
individual, that integrated cell mass in a state of dynamic

equilibrium with his internal environment, on the other. The
study of the physiological basis of the effect of climate on the

individual shows that he is fashioning his own evolution by
struggling to adapt himself to his climatic environment. This

adjustment is brought about by three major components of the

autonomic apparatus—chemical, hormonal and nervous. We
have to study all these systems in all their various phases and
ramifications, correlate all the disjointed observations in logical

sequence and fit them into a perfect mosaic. Only then can

we hope to project a picture, complete in all its details of the

phenomena of biological adaptation of the organism to its

environment, as exemplified in the process of acclimatization

—

individual or racial—of human beings in the tropics. In modern
medicine and physiology, a consideration of the environmental

influence has been relegated to the background for it has been

thought that all acute infectious processes and normal physio-

logical events run a comparatively steady course, uninfluenced

by environmental factors. Enough scientific evidence is now
available, some of which has been discussed already, wdiich

leaves little room for doubt that environmental factc^rs are

important forces to be reckoned with that if these are studied m
greater detail, particularly with reference to the changes that

they might produce in the human organism, a new branch of

physiology may bo developed in this country. The material is

in abundance
;
but it needs the sickle of properly organized and

directed research to gamer a harvest which will be of the greatest

value to us in India as well as to the world at large.



SECTION OF PSYCHOLOGY
President

:

—G. Bose, D.Sc., M.B., F.N.I.

Presidential Address
AMBIVALENCE

Negativism

The mental phenomena which go by the immo of negativism
have been the subject of study by psychiatrists and psychologists

for a long time past. Negativistic mental states are to be
observed both in normal and abnormal persons. Young children

very often show such traits. In normal adults also negativism
is pretty commonly seen. It is however in certain types of
dementia praecox that negativism attains a pathological (levelop-

ment and becomes so prominent that it draws the attention of
even the most superficial observer. These patients often do the
exact opposite of what is demanded of them. In some instances

it is possible to control them and make them follow a required

course of action by asking them to do the opposite.

Negativism is to be noticed not only in the sphere of action

but also in thought processes and affective manifestations.

The same perception, for instance, evokes contradictory judge-

ments and is invested with opposite feelings. Sometimes
it is only the negative phase that becomes prominent and on
other occasions a compromise between the opposing tendeiudes

becomes manifest.

Bleuler’s Concept of Ambivalence

No satisfactory explanation of negativism has yet been
forthcoming. Bleuler in critically examining the views of

Kaggi and Paulhan (1887), Gross (1902), Lundborg (1902),

Vogt (1903), Hoche (1904), Schiile (1904), Anton (1904), Alter

(1904), Saute de Sanctis (1904), Dromard (1906), Kraepelin (1909)

and others came to the conclusion that none of the theories

offered by those different workers could satisfactorily meet
the varied manifestations of negativism. Bleuler thought that

the predisposing causes of negativistic phenomena are

—

(1) ambitendency which sets free with every tendency

a counter tendency,

(2) ambivalency which gives to the same idea two contrary

feeling tones and invests the same thought simultane-

ously with both a positive and a negative character,

( 363 )
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(3) an upsetting of the normal balance of these opposing

and co-operating psychisms, and

(4) lack of clea^mess of logic in patient’s thoughts.

Bleuler further believed that these patients live a life of

phantasy and every influence acting from without is taken as

an intolerable interruption to face which the negativistic attitude,

which forms a component of ambivalence, is brought into

prominence. The patient suffers from a sense of hurt which

must be protected from contacts. The surroundings are looked

upon as hostile by the patient. Bleuler said that sexuality

with its ambivalent feeling tone is also often one of the roots

of negativistic reaction and that very pronounced phenomena
of negativism affecting judgements and feelings have probably

often other co-operating causes which we do not know ”
;
a con-

clusive explanation of all negativistic phenomena would be

premature.

It seems that to explain negativism Bleuler conceived

of an innate ambivalence in the human psyche. This ambi-

valence is something fundamental and cannot be further analysed.

Bleuler stopped by merely stating that counter tendencies exist.

He did not try to analyse their nature. What Bleuler meant
by the two terms ambitendency and ambivalency is included

at the present day in the single term ambivalence.

Freud’s Views on Ambivalence

Bleuler’s concept of ambivalence, simple though it is,

has thrown a flood of light on many obscure mental reactions.

Ambivalence as a fundamental mental trait has been accepted by
almost all psychiatrists and psycho-analysts. Freud utilized

this concept in his psycho-analytic interpretations especially

in elucidating the relationship between love and hate. Since

the time of Bleuler he has been the only person to make an
endeavour to probe deeper into the problem. Unfortunately
Freud’s analysis of ambivalence has not been very fruitful.

He is sometimes inclined to consider ambivalence as a funda-
mental trait of mental life and sometimes he thinks that it may be
a derivative of some other process. Freud writes (‘ Totem and
Taboo ’, pp. 258), “ We know nothing about the origin of this

ambivalence. It may be assumed to be a fundamental pheno-
menon of our emotional life. But the other possibility seems
to me to be worthy of consideration ; that ambivalence, originally

foreign to our emotional life, was acquired by mankind from the
father-complex, where psycho-analytic investigation of the
individual today still reveals the strongest expression of it.”

Freud in his paper on ‘Instincts and their Vicissitudes ’ suggested
the theory that an instinct is built up by a successive welding
of active and passive elements and that it is this that gives
it the character of ambivalence. In the same paper Freud
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has discussed how an active phase of an instinct undergoes
reversal into its opposite and is turned round upon the subject.

The reversal affects not only activity and passivity, but also the
emotionaJ tone, or the content as Freud describes it, so that
love is changed into hate. At one stage in this reversal, the
original object of the instin(;t is abandoned and is replaced by
the subject’s self. This is made possible by the inherent narcis-

sism of the ego and presumably the ego’s tendency to identi-

fi(;ation. In his hook ‘Group Psychology and the Atialysis

of the Ego’ Freud says, “Identification is ambivalent from the
very first

;
it can turn into an expn^ssion of ttmderness as easily

as into a wish for some one’s removal. It behaves like a deriva-

tive of the first oral phase of the organization of the libido

in whicdi the object that we long for and prize is assimilated

by eating and is in that way annihilated as such.” According
to Freud the unconscious hostile feeling of the child towards
the father is traceable to this mechanism.

The theory of superimposed opposite c,om[)onents of an
instinct does not carry us very far. The main factor responsible

for the ambivalence seen in introje(;tion and identification

is th<^ functioning of the oral libido whiijh from its very nature
loves and destroys at the same time. Oral libido as a causative

factor in ambivalence is the most important contribution of
Freud in this line. The assumption that oral libido will explain
all cases of ambivalence! is not warranted by facts and Freud
himself has never specifically maintained this proposition.

The Unconscious Factor in Ambivalence

There is an aspect of ambivalence which has not been
properly stressed. Opposite types of behaviour under different

situations or at diff’erent times are quite c'ommon among normal
people and have never been sought to bo explained by the theory
of ambivalence

;
pure negativism would not call for a supposition

of ambivalence either. It is only when opposite tendencies
are observed working simultaneously and affecting behaviour
that some explanation like that by ambivalence becomes neces-

sary. A person who never listens to a command and does only
the opposite of what is asked of him, is jierhaps harbouring a
feeling of defiance, but if such a person shows habitually a
compromise reaction where both positive and negative traits

are observable simultaneously, we are justified in bringing in the

theory of ambivalence to explain his behaviour. A child may be
loving its father today and hating him tomorrow quite

consciously. Such alternation of behaviour is not necessarily an
instance of ambivalence as we understand by that term. The
child might have been chastised by the parent and the feeling

of hostility might have been a temporary one and might be
effaced by the kind behaviour of the father the next day,

24
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Opposite tendencies and opposite feeling tones, it is true, cannot

appear in consciousness together. There is however nothing to

prevent them from emerging into consciousness alternately.

Such alternation may be very rapid as for instance when a
person is hesitating whether to do an act or not. Hesitation

is not an ambivalent behaviour. In hesitation the conflict is

in the conscious level. In true ambivalence, opposite tendencies

are supposed to be present, but one of the contending elements

at any particular moment must necessarily be unconscious.

When a dementia praecox patient stretches out his hand to

receive something and yet at the same time keeps his palm down
and further shows no evidence of hostility or defiance, it is only

then that ambivalence is supposed to be at work. Because

of its unconscious element ambivalence is never a matter of

direct observation ; it is to be regarded as an explanatory concept.

It is true that under certain conditions the originally unconscious

opposite tendency may come into consciousness. Under such

circumstances it generally pushes its previous conscious eounter-

j)art into the unconscious so that ambivalence persists. I would
therefore define ambivalence as a simultaneous working of

opposite tendencies, one of which remains unconscious.

Ambivalence in Feeling, Emotion and Judgement

Besides expressing itself in opposite tendencies, ambivalence
is manifested in connection with pleasantness and unpleasantness,

in emotional states such as love and hate, and in opposite judge-
ments. When we say that a child’s attitude towards his father

is ambivalent, we do not mean that he sometimes hates him and
sometimes loves him, but that his behaviour towards his father is

to be interpreted as a conscious love-reaction mixed up with an
unconscious hate-reaction or vice versa. In such cases the con-
scious emotion attached to the act is either one of love or one of

hate. It is usually assumed by psycho-analysts that the male
child loves his father because of his affectionate behaviour and
hates him because of his unconscious Oedipus rivalry. This hate,

remaining unconscious affects the conscious love and makes
the emotion ambivalent. It is further assumed that hate is as

much an independent emotion as love and that its origin antedates
that of love genetically.

The hate-reaction, as a psycho-analyst understands it, is

an anomaly. Is there such a thing as an instinct of hate ?

Freud in his paper on ^ Instincts and their Vicissitudes ’ says,
“ We might at a pinch say ofan instinct that it ‘ loves ’ the objects

after which it strives for purposes of satisfaction, but to say
that it ‘ hates ’ an object strikes us as odd.” Freud assumes
that hate is a reaction of the ego against painful surroundings.
“The ego hates, abhors and pursues with intent to destroy
all objects which are for it a source of painful feelings, without
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taking into account whether they mean to it frustration of
sexual satisfaction or of gratification of the needs of self-preser-

vation/^ On the other hand “ Love originates in the capacity

of the ego to satisfy some of its instincts auto-erotically through
the obtaining of ‘organ pleasure */* “ It is primarily narcissistic,

is then transferred to these objects which have been incorporated

in the ego, now much extended and expresses the motor striving

of the ego after these objects as sources of pleasure.” The oral

libido which loves and destroys at the same time is one of the

earliest forms of love. Freud says, “ This form and preliminary
stage of love is hardly to be distinguished from hate in its

behaviour towards the object. Only when the genital organi-

zation is established does love become the antithesis of hate.”

“The sexual and ego-instincts readily develop an antithesis

which repeats that of love and hate.” The ambivalence of love

is to be traced to the admixture of hate derived from the self-

preservative instincts. In the sadistic anal-erotic stage of libido

development, the sexual function is governed by tlie ego-instincts

to some extent. Thus hate and love get mixed up.

In his later writings, Freud has correlated hate and sadism
with death-instinct which stands in contradistinction from love-

instinct or Eros. The antithesis therefore, according to the

newer view, exists not between self-preservative or ego and love-

instincts, but between love and death instincts. I have not
mentioned the role of death-instinct in ambivalence, because

whatever I have said about Freud’s older conception of the
antithesis between ego and love-instincts, holds true ipso facto

about death and love instincts. Freud has mixed up the

emotion of hate with the desire to kill. Emotion and wish
have both been invested with motive power for action. This
idea of alliance of wish and emotion is at the root of the statement
that there exists an antithesis between love and hate. Freud
is thus led into an anomalous situation and has to admit that

in the early stages of libido development “ love is hardly to be
distinguished from hate,”

To ascribe ambivalence to love is therefore not a sound
proposition. Of course, the question ‘When does hate appear
instead of love in a particular wish situation or vice versa ’

is a pertinent one. So also the problem of arousal of pleasantness

and unpleasantness in an act. If we assumed wish to be the

motive force of behaviour, it would be easy to prove that behind
the emotional states of love and hate are wishes of opposite types,

so that the real opposition between love and hate lies in the

contents of the corresponding wish situations. 1 have also

shown elsewhere that perceptions are determined by action

attitudes, in fact the meaning of a perception lies in the action

attitude it provokes, and an action attitude is to be interpreted

as a latent wish, so that even in the domain of perception and
judgement opposite tendencies may be discernible. Therefore if
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we assumed that ambivalence affects only the wish, it would be
quite sufficient for our purpose. Wc would not discuss the opposi-

tion between love and hate as such in ambivalence but we must
consider the opposition between the wishes that lie behind

love and hate. We shall not l>c discussing the ambivalence in

judgements, but the ambivalence that lies between the different

a(;tion attitudes which determine those judgements and so on.

The problem of ambivalence is therefore restricted to the domain
of wish only. This restric^tion of connotation of the term ambi-

valence is not an arbitrary one, but is based on sound psychological

principles. This would be the first step towards understanding

the genesis of ambivalence. What T mean by the term wish

and why I consider that wishes alone provide the motivp force

of our a<?tivities and that emotions and feelings, apart from their

wish tdements, are not to be held as in(?itors of actions I have
discussed in a previous paper entitled ‘A New Theory of Mental
Life’, Indian Journal of Psychology, Vol. VIII, Nos. 1, 2 and 3,

1933.

Let us probe deeper into the mechanism of the so-called

opposition between love and hate. It is only in the domain
of a dynamic entity that the (concept of opposition holds good.

If we are to rec^ognize an opposition between such elements as

pleasure and pain, love and hate, 8ubje(5t and object as has been
done by Freud, we must suppose that these entities are of the

dynamic order. As I have indicated before, whatever dynamism
exists in these psychical entities, is to be traced to the action

attitude in each. Pleasure and pain are opposites because

they are usually associated with opposite types of reactions,

otherwise they are just like any two different experiences, e.g.,

red and green colours. If we did not invest red and green
with opposite action attitudes, we would not consider them to

be opposites, they would be merely taken as different experiences.

In the case of opposition between active and passive wishes,

the opposite action attitudes are on the surface and need no
analysis for appreciation. When we posit an opposition between
lovt'. and hate, we fail to note that what we call love or hate are

usually complex situations made up of wishes, feelings and
emotions. Love-wish is not the same thing as love-emotion.
The opposition is to bo sought for in the domain of love-wish
and hate-wish and not in love-emotion and hate-emotion or
pleasure and pain.

For all analytical purposes, it will be desirable to separate

the wish from its emotional and feeling attachments and to

concentrate our attention on the dynamic factor only. What
I have said here will be best understood by examples. The act

of killing or destroying is often associated with the emotion of
hate and it is quite easy to confuse the wish to destroy with the
emotion of hate. If we remember that only wishes provide the
motive force of action and that the emotions and feelings are



(7) Section XIII ^
Psychology. 369

more or less like epiphenomena then we shall avoid such pitfalls.

I may destroy an attacking snake with the emotion of hate

and throw it away with hate or disgust. Again, if I happen
to be a head-hunter, I may kill my enemy with hate and preserve

his skull with pleasure, or again I might kill a lamb with indiffer-

ence or even pity and eat the flesh with pleasure. The act of

destruction itself may also be pleasurable as for instance I

may cut up a mango or dress meat with feelings of pleasure,

sometimes almost with an emotion of love, and eat the mango
or the meat also with love or pleasure. Freud made a jocose

remark that the cannibal has a ‘ devouring love ’ for his enemy.
Here the hostile act and the love act are identical and the wishes

that lie behind these acts are the same. So the wish to destroy

may be either a love-wish or a hate-wish and when su(!h is the

case one need not posit an opposition between love and hate.

Then again love and hate may show identical reaction-

situations. In hate-situations the old Mosaic Law— ‘ Eye for Eye,
Tooth for Tooth ’—holds good. The retaliation reverses the

subject-obje(*t relation. In love reactions also the same sort

of reversal of the subject-object relation takes place.

A kiss evokes a counter-kiss just as a blow evokes a counter-blow.

In the retaliatory reaction the predominant emotion tone is hate,

whereas in love-recipro(;ity the emotion of love colours the re-

action. There is no fundamental difference between the two
types of reactions. In fact, one might with perfect justification

say in certain situations, ‘I would love to kill my enemy.'

Revenge may certainly be sweet.

Similarly pleasure and pain are opposites only when they
evoke opposite types of activities, otherwise they may be con-

sidered as two different experiences. The same acit may be

pleasurable today and painful tomorrow. A child would tear

a living bird to pieces with great glee whereas an average adult

would feel pain even in contemplating su(‘h an act. Just as there

need not be an opposition between a love act and a hate a(!t,

so there need not be an opposition between a pleasurable ac^t

and a painful act. The arousal of pleasure or pain, love or

hate depends on many factors. Feelings and emotions of any
specific type are not inherent in specific acts. Neither can pleasur-

able and painful wishes nor love and hate wishes be listed under
two separate classes. The same wish may be invested with

either love or hate, pleasure or pain. So the antitheses between
pleasure and pain and love and hate do not really exist. When
an opposition is present at all it is traceable to different action

attitudes and is independent of the affect.

Is Ambivalence a Characteristic of a Sinole Wish or
A Pair of Opposite Wishes ?

Since the opposition is to be noted only in the domain of

wish, the genesis of ambivalence is to be looked for in the mecha-
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nism of opposition of wishes and the process by which one of

the contending pair becomes unconscious. It would be wrong to

speak of an ambivalent wish in the singular unless we considered

that it is the same wish that is capable of being directed both
towards the subject and towards the object, so that at one
time the wish would be of the active type and at another it would
be passive and again at one time it would be directed towards

an external object in its effort at fulfilment and at another it

will take up the self as its object. In fact this is the view that

has been accepted by Freud and other psycho-analysts and from
this standpoint the term ambivalent wish is not a misnomer.
Masochism is according to this view nothing but sadism turned

against the self. The wish in both the situations is the same.

If, however, we consider an active and a passive \^sh to

be entirely different from each other, ambivalence should be
tiraced to the opposition between the two and the preponderance

of the one or the other in consciousness. Acting separately

neither sadism nor masochism would be ambivalent, but the

ambivalency is to be traced to their mutual conflict. It is the

pair composed of sadism and masochism that shows ambivalence.

The unconsciousness attached to one of the components of the

ambivalent pair could very well be a matter for further psycho-
logical investigation and analysis just like the unconsciousness
attached to a repressed wish. The difference between an
unconscious repressed wish of the ordinary type and the
unconscious component of the ambivalent pair need not be a
fundamental one. Apparently, where ambivalence is concerned,

the conscious behaviour would be exactly opposite to the
repressed one, whereas in ordinary repression according to the

usually accepted view, this is not necessarily so.

For a biologist who is not concerned with the mental
attitudes of organisms and to whom all individuals of a species

are more or less alike, there is no necessity of drawing a distinc-

tion between the subject and the object. When an animal
bites another of the same species the biologist concentrates
his interest on the act of biting. It is true that the activity

of the aggressor and the passivity of the aggressed may draw
his attention but he does not care whether the animal A attacks
B or the animalB attacksA

,

The two situations appear identical

to him for the purposes of his science. Thus he has no need
to distinguish between such pairs of opposite wishes as sadism
and masochism. He can with perfect justice say that there is

only a single instinct in connection with the act of aggression
and that it is not necessary to distinguish between the aggressor
and the aggressed in the operations of the instinct of aggression.

When an individual is playing the role of the aggressor, the
instinct is directed towards the aggressed and when he is the
aggressed party it is the same instinct directed towards him.
There is no doubt that Freud’s conception of sadism and maso-
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chiem and his idea of the turning round and reversal of an instinct

are more biological than psychological.

It must be noted that even in a passive wish situation

there is an element of activity, e.g., in a love situation one

actively desires to be kissed. Similarly, in masochism the subject

actively wants certain situations of the passive type. The single

instinct of aggression will not explain the desire to be aggressed

which is the special characteristic of masochism. From the

psychological standpoint, therefore, we are bound to assume
the existence of distinct and separate active and passive wishes,

in situations like those of sadism and masochism. No amount
of sadism directed against the self will make it masochism until

the individual willingly submits to the aggression. Directly

he does so, we are bound to assume an independent passive

wish wanting to be fulfilled under definite conditions.

One may submit unwillingly to a painful situation as a

matter of necessity but this is not the same thing as the desire

to be aggressed. Further, the theory of reversal of instincts

cuts both ways so that instead of looking upon sadism as primary
and masochism as sadism directed against the self, we might
say that masochism is primary and sadism is only masochism
transferred to the object. It is to meet such objections that

Freud had to assume su(H.*e8sive layers of active and passive

wishes in the make-up of an instinct. Introspective evidence

will fully bear out the fact that such active and passive wishes,

although related to one another in certain ways, are quiteindepen-

dent by themselves and there is no reason to suppose that the

one group is more important than the other. Pathological

manifestations and psycho-analytic evidence are also in favour of

the separate and independent existence of active and passive

wishes. In fact, in his later writings Freud had to modify
his views and assume a primary masochism (Freud—Collected

Papers—^Vol. II, pp. 255-268 ;
‘ The Economic problem in

Masochism. Beyond the Pleasure Principle \ p. 70) It is thus

seen that neither the theory of admixture of eros and death
instinct nor the theory of the turning round and reversal of

an instinct really explains ambivalence. So long as we are

forced to admit the independence of active and passive wishes

and so long as we are not in a position to show the relationship

between the contending elements we shall not make any advance
on the theory of ambivalence put forward by Bleuler.

Active and Passive Wishes

The human mind is capable of developing both active

and passive wishes. The desire to kiss and the desire to be kissed

may both be experienced by a subject and both the acts may be
pleasurable. There is no reason to suppose that the active wish
gives more pleasure than the passive one or vice versa. Some of



372 Part //, Presidential Add/resses. (10)

the active andpassive wishes can be arranged in pairs ofopposites,

e.g., the desire to kiss and be kissed
;
pay and expect a visit and so

on. It will be noticed that such pairs of opposite wishes are to

be found mostly in the domain of love and social life, ^.e., where
we have dealings with other sentient fellow beings. In connec-

tion with inanimate objects, corresponding active and passive

wishes are not observed, e.g., the desire to eat a mango may be
present but not its passive counterpart, viz,, the desire to be
eaten by a mango. In fact the passive counterpart is something
impossible of attainment here. The desire to kill a tiger has as

its passive counterpart the desire to be killed by the tiger.

The possibility of the event (corresponding to this type of passive

desire is present. Tigers do kill men but one never (comes

across the desire to be killed by a tiger in actual life except

perhaps in a suicide who chooses this particular mode of ending
his existence. Undc^r ordinary (conditions this passive situation

appears in consciousness not as a desire to be killed but as a
fear of being killed. 1 shall have to say something more about
paired wishes presently.

Subject-Object Antithesis

Neither the antithesis between love and hate nor that

betwteen activity and passivity gives us any clue to the solution

of ambivalence. I shall now take up the question of subject-

object antithesis. The polarity of subject and obje(ct has been
an eternal problem with the philosophers. Leaving all philo-

sophical speculations aside, I shall try to analyse the subject-

object relationship from the psychologi(cal standpoint. It will

be advantageous at this stage to limit ourselves to wish situations

where the object is a sentient and reciprocating individual.

Let us suppose that A feels a wish to make a monetary gift

to B who is willing to accept it. 8uch a wish situation diunands

that A must have some oonc(cption of j5’s needs before the desire

to help him arises in his mind. When we realize the sufferings

or exaltation or in fact any other characteristic of another
person, we unconsciously place ourselves in his position. It

is thus by the mechanism of identity that A is able to realize

J5’s position. In identity a part of the ego is thrown out as

it were and gets itself atta(5hed to the object. It is by means
of this bond that we appreciate that the person is desirous of
recH'iving some help. Identity enables us to divine the wishes
of a sentient being who is similar to us. In the wish situation

under discussion the portion of the ego that is thrown out and
is able to effect identification, feels like the object, i,e,, it wants
to receive something through the object. We may call this

portion of the ego the objective half of the ego or simply the
objective ego. It is really a portion of the original ego. The
original ego splits up into two. The portion which feels the
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subjective wish, i,e., the desire to make a gift, in the illustration

under consideration, may be termed the subjective half in

contradistinction to that part which effects the identification

and in a way feels the wishes of the object and which I have
just termed the objective half. It will be noticed that the
subjective ego feels the desire to make a gift whereas the objective

half feels the desire to receive the gift. This latter wish remains
more or less unconscious and is foisted off on the object who is

looked upon as a person willing to receive a gift. To make
a gift and to receive a gift are quite opposite tendencies and it

may be assumed that the original ego in coming into contact with
an object and in trying to realize its characteristics, splits up
into a subjective and an objective half, one of which feels the
stress of an active wish and the other that of a passive one.

The active and the passive wish form a pair just like sadism
and masochism in ambivalence. The resemblance goes further.

Just as in ambivalence one of the components of the pair is

unconscious so here also the objective half of the ego acts in an
unconscious manner.

Secondary Ego

To as(Tibe a wish to the j)rojeeted obje(;tive ego is not
a mere theoretical necicssity. Under certain situations, objective

wishes may be consciously felt a^s for instan(‘e in empathy.
In Vaishnav literature, one comes across an intcu’esting

episode regarding Kadha, the (jonaort of Krishna. Radha
feels bitterly the absence of Krishna for some time and then
imagines herself to be Krishna seeking Kadha. (’ertain para-

phrenics complain of the curious 8ymj)tom that directly th(iy come
into contact with any object and want to grasp the nature of it,

the feeling comes to them that they are one with the object,

so that the contemplated action becomes an impossibility and
they want to have the exact reverse done to them. One of my
patients told me that wlienever he wanted to bow down before

the God 8iva, he became Siva himself and demanded homage.
Sitting opposite to me during the analytical hour he would
often ask me to give him my associations. When questioned

about the strange behaviour, he said that whenever he tried

to conc^entrate on what I was saying, he felt that the situation

was reversed and that ho was the doctor and T the patient.

It would appear that in suc^h cases, the original ego transferred

itself to the site of the objecit and bcdiaved as a sec^ondary ego

from the standpoint of the original object and felt the objective

cravings consciously
; the striving of the original subjective

half became unconscious.

We might push the analysis a little bit further. In the gift

illustration there is no disturbance cjf the contemplated action,

whereas in the case of Radha and in that of the paraphrenic

patient, the originally contemplated a(‘t is disturbed. It thus
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Beems that under certain conditions, the unconscious wish
belonging to the objective ego sets up an opposition against

its subjective counterpart and in becoming conscious as a
secondary ego pushes its antagonist into the unconscious level.

It then sways the original ego and makes it behave according

to its dictates reversing the original subject-object relation.

There is an inherent opposition between the subjective and
objective halves of the ego. This opposition is the psychological

prototype of the eternal antithesis between the subject and the

object. It is a fundamental opposition and includes within

it the opposition between activity and passivity. In fact, it

is the most perfect opposition conceivable. Mere turning

round does not explain this opposition or reversal noi; does

subsequent choice of a now object by the primary ego as has been
supposed by Freud. We must assume a secondary ego taking

up the position of the original object and pairs of opposite wishes

in the original ego corresponding to the subject-object relation-

ship before we could explain the curious behaviour of Radha
and the paraphrenic and the change from sadism to masochism.

Opposite Wishes

In view of the perfect opposition existing between the

subjective and the objective halves of the ego, it is a wonder
that a wish situation comes to be fulfilled at all. As a matter
of fact in unimpeded actions, the objective ego’s wish is not
consciously realized and is not felt as the subject’s striving.

As I have already said it is foisted into the object and serves

to bring the position of the object prominently before the ego.

The subjective striving is satisfied directly whereas its objective

counterpart finds unconscious gratification in the realization

of the object’s position during the act. Hence all conflict is

avoided and the entire action is invested with a pleasurable tone.

We might assume that pairs of acjtive and passive wishes
of all sorts exist in the psyche

; the component wishes forming
each pair are exact counterparts of each other, f.e., they
correspond to the specific subject-object situations. Ordinarily
the wishes inhibit each other and the ego remains in a neutral
state free from apparent strain. Under certain conditions,
in the presence of an object, the ego’s equilibrium is disturbed
and the wish corresponding to the objective situation is thrown
out by the ego as a pseudopodium, to borrow a biological analogy,
and it invests the object. The subjective counterpart of the
wish is felt by the ego as a striving towards the object. When
the act is completed, the subjective striving finds satisfaction

at the situation of the main ego and the objective striving
at the situation of the object carried there, so to say, by the
pseudopodium. Sometimes, as for instance in the case of the
paraphrenic mentioned before, it seems as if the pseudopodium
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became the principal ego and the striving in that situation is

felt as a conscious wish. This is the process of the formation

ofwhat I have described before as the secondary ego. Whenever
the ego thinks in terms of the object, it may be described to

be functioning as the secondary ego, the primary situation

being then treated as a secondary object situation. This is

complete reversal of the original situation.

In dealing with inanimate objects the objective striving

is seldom felt as a conscious wish. Hence in situations where
no reciprocity is possible we do not usually notice the formation
of a pair of opposite wishes. In paraphrenics the objective

striving, even with inanimate objects, is sometimes apparent.

My patient said that when ho came before a tree, he became
the tree himself. This delusion is really a manifestation of the

wish to become a tree. Opposite pairs of wishes may therefore

be supposed to exist in all possible wish situations. It is only

where reciprocity is possible that the components of the pair

become manifest sometimes as an active and sometimes as

a passive wish. When the objective half of the ego can transfer

itself without impediment to an external object, there is no
struggle and the conscious subjective striving becomes a pleasant

one. When, however, the transference of the objective half

is not perfect, struggle within the psyche is inevitable during

the fulfilment of the subjective conscious wish and the act

becomes painful. It is under such circumstances that hate,

disgust, pain and other unpleasant experiences arise and ambi-
valence develops.

Kepkession

My view is that if there is an one-sided influence in childhood

favouring the satisfaction of only one of the pair of opposite

wishes, repression results ; if for instance a child is constantly

allowed to have its own way in everything and is never made
to feel any restraint, its sadistic wishes will have more oppor-

tunities for actual satisfaction than its masochistic ones. The
‘ channels ’ for sadistic discharge will develop at the expense
of the masochistic outlet so that after a time, the accumulated
tension of latent masochism becomes a disturbing factor and
its channel of discharge being ill-developed, its mobility suffers.

In a sadistic act the objective halfofthe ego plays the masochistic

role. If the masochistic objective half is ill-developed and cannot

be transferred to the objective situation, the sadistic act itself

loses its pleasurable tone and shows signs of masochistic com-
promise or in other words ambivalence develops. It is repressed

masochism that makes sadism ambivalent and vice versa.

So with all other pairs ofopposite wishes. The role ofthe opposite

wish with an ill-developed channel of discharge is the same
as that of any other repressed wish. My idea is that the prime
force of repression of any wish is derived from its opposite
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counterpart. Sadism represses masochism and mce versa ;

active homosexuality represses passive homosexuality and
vice versa ;

the desire to play the mother’s sexual r61e represses

the child’s Oedipus cravings and so on. I have discussed the

whole question of repression in detail elsewhere (‘Concept of

Repression and New Theory of Mental Life ’) and need not go

into it again.

Paired Wishes

We may now revert to the question of opposition in paired

wishes. From the standpoint of action attitude wishes may
be broadly classed under two heads, viz.^ active and passive.

If we examine the nature of active and passive wishes with
reference to their object choice we find, as I have already pointed

out before, that some of them correspond to one another in a
very striking way, e.g., the active wish to kiss a loved person

has its exact counterpart in the passive wish to be kissed by
that person. In the two situations the subject-object relations

stand reversed. Such corresponding active and passive wishes

are related to ea(jh other in (iertain definite ways. The action

attitudes of two such corresponding wishes being exact opposites

they cannot obviously arise in consciousness simultaneously.

The verbal expressions corresponding to the two opposite action

attitudes however, when divested of their cathexis, may both
be (jonscious at the same time. There is a regular sequence of

arousals of these opposite wishes. The satisfaction of one
invariably gives rise to the conscious demand for the other.

In kissing we expect to be kissed in return and in being kissed
we return the kiss. Unless both the active and passive acts

are gone through a feeling ofincompleteness and tension persists.

This is traceable to the o]:)t?rations of the unsatisfied wish. Such
corresponding active and passive wishes are thus seen to be
njore or less inseparable and to form pairs. We might say that
satisfaction, whether voluntary or involuntary, of one of the
pair serves as a stimulus to the arousal of the other in conscious-
ness. Such pairs of active and passive wishes are, as I have
already mentioned, generally to be found in our dealings with
other sentient individuals of our own species, i.e., in love and
social intercourse.

If, instead of confining our attention to the subject only in

such wish situations, we take into consideration the reactions

of the sentient object also we find that they follow a certain

definite law. The same active and passive wishes of the pair
that we find in the subject are in operation here also but with
a reversed sequence. In being kissed the object also returns
the kiss and in being asked to kiss expects a return kiss. It is

thus that a kiss evokes a counter-kiss, a blow evokes a counter-
blow. This is the mechanism of aU reciprocal and retaliatory
actions. The law that governs such actions is the Mosaic Law,
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Identification

The presence of such opposite pairs of wishes both in the

subject and in the sentient object leads to the formation of

a special bond between them. The subject can ewisily appreciate

the position and behaviour of the object in an act of this <»ype.

During kissing for instance the Hubj(5(*t’s desire to Iw kissed

remains latent and it is this latent closing 1-hat enables him to

realize the position and characteristi(;s of the object who is also

invested with the same desire. The subjoc;t’s latent counter-wish

is supposed to be the (conscious wish of the reciprocating object.

To revert to my previous description it is the objective half of

the ego that feels the latent counter-wish and this is the bond
of identification of the main ego with the object. Once the bond
of connection is established the ego can transfer itself in its

entirety to the object’s position and behave as a s(5coiidary ego.

In the first stage of identification, i.e., when the objective lialf

of the ego only is transferred to the position of the object the

latter’s willing participation in the act is realized
;
the subject

knows that the object feels pleasure in being kisst^d. At the

next stage when the secondary ego is formed, t.c., when the

entire ego can completely go ovcjr to the objec^t’s f)osition tlui

subject appreciates the latter’s reciprocating tendency
;
then', is

complete identification. If the subject’s original role is passive^

as in early infancy, reciprocating reaction is the first to bo

established. In being kissed the child returns the kiss without

having any sympathetic understanding of the object. This

phenomenon is what I have designated elsewhere as action

identity. Action identity is the basis of imitation. Action

identity enables the (diild to realize the position of the active

object and this is the bond which the developing secondary

ego of the child utilizes to go over to the position of the obje(*t

and effect complete identification or ego-identity as I have called

it.

Under normal conditions the functioning of tluj set;ondary

ego goes on more or less unconsciously and it is through this

process that the ego expands and acquires fresh knowledge of

men and things. The secondary ego may under exceptional

conditions become fully conscious and can replace the primary
ego as in the case of the paraphrenic mentioned before. In

self-punishment and similar acts the secondary ego acts as the

subject. It derives its motive force from the latent counter-wish

of the primary ego.

The Wish Circuit

To explain reciprocal and retaliatory actions in the adult

we have to assume ready formed pairs of opposite active and
passive wishes within the psyche. These contradictory wishes

inhibit each other and a state of equilibrium is maintained.
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Under certain conditions which I need not discuss here one of

the pair becomes prominent and appears as a conscious wish
with reference to a special object. As soon as this conscious

element of the pair finds satisfaction its inhibiting force is

removed and its opposite counterpart springs to consciousness

as an urge for a reciprocal or retaliatory act directed against

the object. In all actions where opposite pairs of wishes come
into play and where there is no repression the latent element
of the pair throws out the bond of identification with the object

making it possible for the entire ego to traverse this bond as a
secondary ego and to establish itself at the objective point

of the wish situation or the wish circuit as I have called it. A
complete wish situation of this type therefore carries with it

two pairs of opposite action attitudes, one at the subjective

point and the other at the objective end. To come to our
illustration, at the subjective end the conscious or the subjective

half of the ego feels the active striving to kiss
;

at this point

the objective half of the ego has the latent desire to be kissed.

In establishing itself at the objective end the secondary ego
looks at the original subject as the object for its strivings. The
subject thus becomes the secondary object with reference to the

secondary ego. The secondary ego also feels the urge of a
pair of opposite wishes like the primary ego with this difference

that its subjective half has a passive desire to be kissed by the

original subject and its objective half has the wish to kiss him
actively. This last wish is really the determinant of the reci-

procal action on the part of the real object. If we name the
subject and the object A and B respectively and if we assume
that all the situations in the wish circuit are conscious we may
summarize by saying that at the primary subjective position

A feels the active desire to kiss B, at the secondary subjective

situation A feels that B has the passive desire to be kissed by A,
at the secondary objective situation A feels that B has the

desire to kiss A actively and lastly at the primary objective

situation A feels the desire to be kissed by B,
At the secondary subjective situation there is partial

identity of the subject with the object, at the secondary objective

situation the identity is complete
; the subject has projected

himself completely into the object's position and at the primary
objective situation there is a complete reversal, in the Freudian
sense, of the original craving. Ordinarily only the primary
subjective position is conscious but the normal person can .

realize all the different situations of the wish circuit if he wants
to. Under special conditions of repression any of these four
situations may become prominent in consciousness to the detri-

ment of the others. When the primary subjective position is

conscious, viz,, A's wish to kiss B in our example, it is considered
a normal wish if there is some sort of realization of the other
three situations. Where there is no such realization A's wish
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is considered to be a selfish one as consideration for the other

party B, who is the object, is lacking. When the secondary

subjective position only is conscious, i.e,, when A thinks that B
wants to be kissed by him the behaviour is an abnormal one

;

here A wants to shift the responsibility of his own action to B ;

it is akin to the plea— ‘ the woman tempted me When the

secondary objective phas6 only is conscious, i.e., when A feels

that B wants to kiss him the situation is exactly like that of

paranoic projection. Lastly, when the primary objective phase

only is conscious, i.e., when A feels that he wants to be kissed

by B the situation corresponds to the complete reversal of the

original wish. It is like the conversion of sadism into masochism.
All the three subsequent situations in the wish circuit are

repression products and invariably show signs of conflict with the

original primary subjective situation. The conflict is most
acute between the first and the fourth phases, t.e., the desire

to kiss B and the desire to be kissed by B. Whenever there

is any conflict the pleasure that should normally arise

in the fulfilment ofa wish is impaired eitherpartially or completely

and in its place pain and unpleasant affects make their

appearance. For instance, if there is no repression both sadism

and masochism become fully pleasurable acts. It is only when
one opposes the other and the mobility of the secondary ego is

impaired that sadism and masochism show signs of pain and
compromise. Sadism becomes tinged with the unpleasant

emotion of hate and masochism with the feeling of pain. With-
out repression there would be no such pain in masochism. A
masochist does not crave for pain. Pleasure in pain is an impos-
sibility. The masochist wants to enjoy certain passive situations

and the concomitant pain is not his aim. It is an unavoidable
evil to him. A perfect masochist would feel pure pleasure

even in being crushed to death. That such individuals are not
found is only a proof of the difficulty of avoiding repression

where momentous questions like a matter of life and death are

concerned. As a death wish cannot be repeatedly indulged

in the channel for its discharge is never sufficiently developed to

overcome repression.

Conclusion

Ambivalence is not a fundamental trait of mental life,

but pairs of opposite wishes are certainly fundamental. The
components of such pairs of wishes may have alternate complete

satisfaction in reciprocal acts and partial satisfaction with
unpleasant emotion tones in retaliatory a(?ts. They may not
necessarily produce ambivalent states and even when they do,

in a large majority of cases the ambivalence is removable,

showing that it is a repression product. Opposite types of

behaviour corresponding to reversal of subject-object relationship

are not necessarily ambivalent behaviour
; on the other hand they
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are to be considered a proof of the existence of opposite types of

wishes.

To sum up, my (jonteiition is that pairs of opposite wishes

are to be found not only in love and social intercourse but also

in our dealings with inanimate objects. There is no wish

without its opposite countcrj)art. Where the o!>ject is inanimate

and the wish act is not reversible the opposite counter-wish

seldom goes beyond the stage of latency. The latent counter-

part helps us to appreciate the characteristics of the object.

In paraphrenics, in whom words or verbal images take the place of

things, reversal of a wish situation even with an inanimate object

may o(*cur
;
i^y patient said he bc(*.ame a tree when he looked

at one. In reversible acts, i.e., whore reciprocity is possible,

both the opposite wishes can dawn upon (consciousness. *If the

opportunities for satisfaction for one is greater than those of the

other a conflicct is sc^t up within the psycclie and repression results.

One of the elements of the pair then tends to become unconscious.

It is the opposite wish that provides thci prime motive force

for repression
;

all other factors are secondary. The primary
(jonflict is betweeji opposite wishes. Antitheses sucjh as love

and hate, j)leasure and pain, etc., are traceable to it. Love and
pleasure are the primary affects. Hate, disgust, shame, anger,

pain are all repression produc^ts. ldentific;ation, projec^tion,

introje(!tion, turning roujicl and reversal of an instinct, ambi-
valence, (conscience, moral values, sense of social propriety, etc.

are tost explaiiu^d by the assumption of opposite wishes producing

conflict at different points of the wish circuit.
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Transmutation and structure of matter

1.

Lecture on ' Recent work on transmutation of matter

in Cambridge

Lord Rutherford, Cambridge.

2.

The radioactivity of samarium.

H. J. Taylor, Bombay.

The radioactivity of Kamarium has been reported on in a previous

communication. The present paper gives an account of more recent

experiments, conducted in collaboration with Messrs. D. Fraser, V. D.
Dabholkar, N. V. Shah, and M. »T. Gandhi. Using the method of direct

registration of tracks m a photographic emulsion, a large number of

measurements have been accumulated. About 5,000 expansion-chamber
photographs have also been made, about 50 of which show tracks which
are due to the particles emitted by samarium. In both tj^es ofexperiment

tracks are obtained which can scarcely be due to a -particles. They have
previously been attributed to protons, assumed to be emitted by the

samarium atom. The evidence for this proton emission is now very strong.

Experiments have also been ma<le to test a suggestion that the proton

activity of samarium is provoked by cosmic radiation.

3.

Isotopic weights by the doublet method.

F. W. Aston, Cambridge.

For the most reliable comparison of masses by mass-spectra the
particles concerned should be nearly equal when the lines they produce,

resolved by a mass-spectrograph of sufficient power, will form a natural

doublet. A typical example is the oxygen-methane doublet i*0—
at mass 16, the first one to be observed and measured. Owing to the

discovery of heavy hj^'drogen it is possible to apply this method to deter-

mine the fundamental isotopic weights of hydrogen and carbon in terms
of as standard. is first compared with 2D by means of the doublet

2D—IH2 at mass 2, 2D with 12c by doublet 120^*^ — 2D3 at mass C and the

results combined with the oxygen-methane doublet to give the constants

required. These comparisons can be extended wherever suitable doublets

can be producsed, thus h^02D2 can be compared with 20^© with *0A+ +
at mass 20, 12C8^H7 with 8®Kr+ + or with i2SXe+ + + at mass 43 and so

on. About 20 isotopic weights have already been determined with
accuracy approaching 1 part in 100,000 in this way.
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On the ratio of the magnetic moments of iridium isotopes.

B. Venkatbsachab and L. Sibaiya, Bangalore.

The isotopic constitution of iridium was for the first time determined
from a study of the hyperfine structure of its arc line A36 13*67 A
(Venkatesachar and Sibaiya : Nature, 1936, 136, p. 437 ; and Proc. /nd.
.4oad. Sc,, 1936, 2, p. 203). It was shown that iridium consists of two
odd isotopes of mass numbers 191 and 193, the isotope 193 being twice as

abundant a.s the isotope 191. This result was afterwards corroborated
by Dempster's mass-speetingraph analysis. With the view of deter-

mining the ratio of the nuclear magnetic moments of the two isotopes,

1 fb

the hyperfine structure, arising from the nuclear spin moments of —
6̂ ZlT

3 h
and -f isotopes 191 and 193 respectively, has been investigated

A JLrt

for several iridium lines using an aluminized Fabry-Perot etalon. * From
the results obtained for the hyperfine level separations of the isotopes,
it is concluded that the ratio of the nuclear magnetic moments of Ir 191
and 193 is --0'92.

5.

Diamagnetism of cadmium.

S. Ramaohandra Rao and S. Sbibaman, Annamalainagar.

Single crystals of cadmium were prepared by the method of slow
cooling and the principal magnetic susceptibilities were determined by the
Gouy method. The influence of ferromagnetic impurities was duly eli-

minated. The mean values perpendicular and parallel to the hexagonal
axis of the crystal were found to be — 0*1 63 and —0*223 respectively.

These results agree favourably with those of McLennan, Ruedy and
Cohen.

The influence of cold-working on polycrystalline rods was to give a
small decnmse in susceptibility. On the other hand the principal suscep-
tibilities measured with single crystals showed no variation on cold-working.

The influence of small quantities of foreign matter was also

inv'estigated. Lead when added in small amounts affected the principal

susceptibility normal to the c-axis but not the value parallel to this axis.

Small quantities of zinc did not affect the susceptibility values.

These results are examined in the light of the theory of paramagnetism
of free electrons. The valency electrons appear to contribute a para-
magnetic component perpendicular to the c-axis. There is evidence for

this from electrical conductivity data. The results obtained with the
alloys are examined in the light of these conclusions.

6.

Secondary electron emission of nickel at the Curie point.

8. Ramachandra Rao and P. S. Varadachari,
Annamalainagar.

A study of the secondary electron emission from nickel has been made
at different temperatures ranging from 30®C. to 385°C. at a constant
applied potential. No sudden alteration in the secondary electron current
was observed at the Curie point (368®C.). Our results are at variance
with those of Tartakowsky and Kudrawjewa and of Hayakawa. Atten-
tion is drawn to the investigations of Rao wherein no abrupt variations
were obtained in the photo-electric emission and soft X-ray excitation
curves of nickel at the Curie point. It is difficult to understand how in
such closely connected phenomena, anomalies exist in one class and not
in the other. Support from this point ofview is adduced for the conclusions
of our investigations.
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7. Magnetic birefringence of some aromatic hydrocarbons in

the molten state.

W. J. John, Calcutta.

In the present paper some of the important aromatic compounds
have been studied for their magnetic birefringence in the molten state.

The results are compared with those obtained by Chinchalkar and Mahajan
for some of them in state of solution in suitable solvents. Their con-
clusions regarding the structures of these molecules anti their influence

on the birefringence are confirmed.

8. Diamagnetic susceptibilities and molecular structures.

K. Banbrjbe and S. N. Sbn Gupta, Dacca.

Susceptibilities of some organic crystals have been measured with a
view to determine the orientations of molecules in them. The method is

fruitful only when a determination of space-grouj) is available. The
orientations of the molecules in benzamide, orthodinitrobenzeiie, meta-
dinitrobenzene, phloroglucine dihydrate have been determined in that way.
The estimated intensities of X-ray reflections agree well with the structures

found magnetically. Three non-aromatic compounds namely, decahydro-
jS-naphthol, arcostenone, and guanidine carbonate have been measured.
In these cases the magnetic anisotropies are extremely feeble, and so a
Weiss magnet was used, and the crystals were suspended from an extremely
thin quartz fibre. A more rigorous method of calculation than that used
by the earlier workers was found necessary in these cases of feeble aniso-

tropy. Orientations of the molecules in these crystals are deduced from
the experimental results.

9. Electron map of anthraquinone crystal by Fourier

summation method.

K. Banebjee avd J. Bhattachakya, Dacca.

X-ray diffraction from anthraquinone crystals has a unique peculiarity,

that reflections from such hko planes for which h-{-k is not divisible

by 4 or either h or k is odd aie either absent or extremely feeble. So the
projection on the 001 plane has apparent translational distances of a/2

and 6/2 in place of the axial lengths a and 6 of the original cell. Further-
more, the symmetries of the original cell will also be present in the pro-

jection of this quartered cell. For the measurements of the integrated

intensities, a photographic photometrical method is developed. The spot

of light in the Zeiss photometer was shortened to about *2 mm. length,

and each photographic spot was scanned along six equally spaced lines.

The photometric curve was converted into intensity curve by the help

of a wedge prepared by Robinson’s method. The absolute integrated

intensities were obtained from these relative values by comparison with the
reflections from rock salt. The two-dimonsional Fourier summation
method of W. L. Bragg is appUed to find the electron distributions and
therefrom the atomic parameters are determined.

10.

Oscillographic studies of the uni-polar electrical con-

ductivity of carborundum.

J. K. Bose and S. E. Khastgib, Dacca.

Oscillograms of alternating (50 cycles per second) voltages rectified

by the carborundum crystal placed between mercury electrodes of large

contact area have been taken for different voltages. Although the contact-

point reot^cation has been avoided in these experiments, the direction of
the cuirent flow through the crystal has not been imique and definite and
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only an average effect for a number of directions has been observed. To
study uiii‘polar electrical conductivity in a definite direction in the orystal»

the crystal has been clamped between two similar metal contact points,

and the oscillograms obtained with the crystal mounted in this way have
shown considerable rectification. It has been definitely shown that the

observed effect is not due to differential contact-point rectification.

The values of the rectification ratio for different voltages have been
<*ompijtod from the oscillograms. The computed value of the rectification

ratio has been found to diminish gradually with the increase of the applied

voltage. This is consistent with the theoretical idea put forwwd by one
of us as to the origin of uni-polar electrical conductivity in carborundum.

1 1

.

Effect of intense coolitig of aluminium anticathode on the

K emission line.

K. Prosad and A. T. Maitra, Patna. *

The paper describes the study of the effects of liquid oxygen cooling

<jf an aluminium auticathodo of a special design, on the intensity and
structure changes of its K omission line, using an X-ray spectrograph of
Siegbalm’s design and having a plane grating wfith 600 lines to the milli-

meter, as compared with the intensity and structure of the line when the
ariticathode is cooled by the circulation of water at the room temperature.
Photographs were taken on the same plate under otherwise identical

cimditions of exposure and development and were microphotometered.
Preliminary measurements indicate that

—

(1) the intensity of the line at the liquid oxygen tcmperatui’e has
increasecl by about 40% ;

(2) the spread of the lino on the long wave side, observed at the
room temperature, has considerably decreased at the liquid

oxygon temperature and the lino as a whole has become more
symmetrical in structure.

Further work with aluminitun and other metals is in progress.

12. X-ray diffraction pattern of some normal alcohols and
their isomers.

K. Prosad and B. N. Ghosh, Patna.

The X-ray diffraction patterns of a number of normal and isomeric
alcohols have been studied by the photographic method using CuK^
radiation filtered through 0*2 mm. of nickel. The microphotograms
reveal asymmetric structure of maxima which is interpreted as the super-
position effect of two very close spacings. The relative intensities of the
rings and the half width of the maxima have also been measured. They
tluow some light on association and the nature of the ‘ cyhotactic ’ frag-
ments in the liquid state.

13. Crystallite orientation in polycrystalline metals during
plastic flow.

N. Bam Lal, Hyderabad (Dn.).

In continuation of the previous work (Gibbs and Ramlal, Phil. Mag.,
Vol. 18, p. 949, 1934) X-ray measurements of metals (tin and magnesium)
at various stages of plastic flow under relatively large stress have been
made. In confirmation of the results of Andrade and Chalmers, X-ray
measurements show that, when a polycrystalline metal flows, that part
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of the flow called the j8-flow, which gradually dimiiiiBheu with time is

oonnected with a rotation of the axes of the crystallites

.

14. The allotropes of sulphur—a study by the X-ray diffrac-

tion method.

S. R. Das, K. Ray, and B. B. Ray, Calcutta.

A detfiuled investigation has been carried out into the structures
of the diverse modiflcations of sulphur at temperatures ranging between
— 183®C. and 130®C. The chief experimental method involved was
the powder photograph method due to Hull. The following important
observations and conclusions have been made :

—

1. Ordinary roll sulphur and flower of sulphur have identical crystal-

line structures (S(x), The rings correspond to the lattice spacings

:

6-66, 3*83, 3*46, 3 13, 2-84, 2-64, 2-40, 2*24, 2*11, 1*98 and 1-91 in A.
2. Milk of sulphur and the gummy deposits of colloidal sulphur,

which have till now been regarded to be amorphous, are not so. Their
patterns show that they are identical in structure with /Sqj

3. Plastic sulphur, when freshly prepared, is really amorphous
producing only one diffuse diffrciction ring of the spacing 3*5 A. It
rapidly transforms into a hard insoluble solid mass of But it reverts

to soluble if it is kept at about 90®C. for 8~12 hours or treated with

NH4OH. The fibre-like structiu'e observed by J . J. Trillat and J. Forestier
has been explained.

4. White sulphur obtained by the hydi'olysis of S2CI2, hitherto
supposed as amorphous, has exhibited a well defined crystalline pattern,
quite different from that of aS'qj. The Bragg-spacings observed are :

4-60, 4-02, 3-57, 3-07, 2-71, 2-3 and 2*10 A. Heated for about 36 hours
or so at about 88®C., it transforms entirely and permanently into Sq^.

5. Growth of the crystal-size out of the fine powders of has been

evidenced by the Icwjk of uniformity of intensity of the rings at and above
76°C. This fact, together with a tendency of for transition into

(monoclinic S) at higher temperatures, wliich causes a distortion of the
original crystal lattice give rise to * asterism when radial streaks appear on
the photograph. It has also been suggested that the transition point
of is probably lower than the commonly accepted temperature,

95*5^0. For, the phenomenon of asterism is exhibited below it.

6. All attempts in recording a pattern of Sp failed owing, probably,

to its instability at ordinary temperatures on the one hand and to the growth
ofsize and distortion ofthe crystals at higher temperature on tho other.

7. Liquid sulphur patterns have been obtained at 114°C., 119°C.

and 128°C. and in each case only two diffuse rings corresponding to the
spacing : 6*0A and 3-46A have appeared.

8. No appreciable change in the pattern has been observed at as

low a temperature down as — 183®C.

The insolubility of the various forms of sulphur has been suggested

to be in some way due to the presence of SO2 in the body of the crystallites.

Ceneral Relativity, Gravitation, Astrophysics and
Spectroscopy

16. Lecture on ‘ Subatomic energy in the stars

Prof. a. S. Eddikgton, Cambridge.
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16.

A law of gravitation.

S. M. SuLAiMAN, Allahabad.

S. M. Sulaimaii has put forward the theory that the velocity of gravita-
tion is finite. Applying this correction in Newtonian Mechanics he has
derived the law of gravitational attraction as

OM 1

r2 1)2
*

where M is the gravitating mass at the origin, D is the velocity of gravita-

tional influence and G is the gravitational constant. Treating the extra
term as a small disturbing force

(1) the advance of the perihelion comes to

Qnfjfi
^

iw’
(2) the deflection of light particle from a star past the Sun lies

between
16/* j 6/i

and (3) the spectral shift of light from any part of the Sun is

where H is the shortest distance from the Sun, a is its radius and a is the
angle between the line of sight and the radius. /* OM and D equals the
velocity of light.

E(|iiations of the orbit for w = -- in terms of 9 and 9 in terms of u

have boon obtained in Weierstrass’s function. The Two Bodies Problem is

simple. The potential function for the Three Bodies Problem also has
been obtained.

17.

The dual character of light.

S. M. SuLAiMAN, Allahabad.

If a light corpuscle be a binary system consisting of two components
of equal and opposite charges rotating round each other and moving
forward along their axis of symmetry, it would be an electro-magnetic
phenomenon subject to Maxwell’s equations. The electro-magnetic
field will be both created and carried along by the system itself. the
transverse section the motion will be periodic. By using cylindrical

co-ordinates, it can be shown that the system will be propagated with the

characteristic velocity of the medium, which will be its phase velocity
s/fik

as well.

Such a rotating system, moving along the Z^axis and possessing both
(1) momentum in the direction of z, and (2) a transverse periodic motion,
would exhibit both the particle and the wave aspects simultaneously,
according as the effect is observed longitudinally or transversely, thus
showing the dual character of the light.

18.

Lecture on ‘ Recent eclipse results ^

Prof. P. J. M. Stratton, Cambridge.
The study of the physical nature and conditions of those outer layers

of the Sun’s atmosphere which are only accessible to instrumental observa-
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tion at the short period of an occasional solar eclipse is essentially one for

international co-operation. The programmes and the eclipse camps of
different expeditions are chosen so as to avoid undue overlapping of
eommon observations at nearby stations and so as to secure where possible
the repetition of the more important observations at stations far apart
from each other. In this way the best chances are ojRfered for progress.

In the period since 1918 the following problems have been successfully
tackled: (1) The deflection of a ray of light with its confirmation of
Einstein's generalized theory of relativity has been observed by British,

American and German astronomers. There remains the question whether
there is a small deflection in excess of that predicted by Einstein and if

so, what is the cause of this deflection. (2) Variations have been observed
in the structure of the corona in the course of the passage of the shadow
over the Earth’s surface (Italy and Britain). (3) More exact measure-
ments of the total luminosity of the corona have confirmed its variation
and the absence of any simple law of brightness with height above the
Sun’s limb (America, Germany and Russia). (4) The fact that the
polarization of the continuous spectrum of the corona is the same for all

wave-lengths (France) shows that the scattering particles reflecting the
sunlight must be electrons or dust particles. (5) Either of these sources
of scattering is consistent with the fact that the continuous spectrum of
the corona shows the same intensity distribution with wave-length as
integrated sunlight (Germany). The dust particles are held to be respon-
sible for the Fraunhoferio lines found in the outer corona. In the theory
of a corona composed of electrons surrounded by a cloud of dust particles

there remain outstanding difficulties which still await solution by observa-
tions at some future eclipse. (6) Still another constituent of coronal
light has yet to be identified as the source of the bright lines of the coronal
spectrum. A number of fresh lines have been discovered (Great Britain,

America, Germany) and the fact that lines differ in relative intensity at
different eclipses and at different points on the Sun’s limb has been estab-

lished. Day-to-day variations in the strengths of the principal lines form
part of the very valuable work now being carried on by Lyot of the Meudon
Observatory at the Pic du Midi, France. He has also discovered new
coronal lines in the infra-red. (7) Lyot has also measured the rotation

of the corona and has shown that the coronal lines are so wide that the
hopes of getting more exact wave-lengths by interferometer methods must
be abandoned. Thus two problems of long standing have been removed
from eclipse programmes. (8) The examination of the relative strengths

of lines of the same multiplet in the chromospheric spectrum has shewn
a wide difference from the theoretical values for a state of thermodynamical
equilibrium (Britain, Holland, America). (9) The widths of the chromo-
s^eric lines have given estimates as to the amount of turbulence available

to help to support the chromosphere (America and Great Britain). The
abundance of the elements in the chromosphere has been shown to be
substantially the same as in the reversing layer (America). More work
remains to be done on the difficult question of the variation of intensity

with height of the various chromospheric lines. So far no finally satisfac-

tory results have been secured though valuable pioneer work has been done
(Holland and America). (10) The transition from the absorption spectrum
to the emission spectrum of the chromosphere has been studied by the

slit spectroscope (Britain), the continuously moving plate camera (America)

and by a cine-camera taking 24 photographs to the second (Japan). (11)

Cine-cameras have also been used for obtaining the exact times of the

second and third contacts with a view to geodetic applications of the

results (Poland). (12) A geophysical problem has been in large part

solved by the study of wireless echoes during a total eclipse. It is now
certain that the normal E layer of the ionosphere is entirely ionized by
ultra-Vlolet light from the Sun, as also at least in large port the normal
F layer. A great deal of work remains to be done at future eclipses on
nearly all the above topics before we can get a satisfactory knowledge of



Abstracta.8 (8>

the nature, physical condition and behaviour of the upper layers of the
Sun*8 atmosphere.

19. Theory of scattering of protons by protons.

A. S. Eddington, Cambridge.

It is deduced from scattering experiments that at very close encounters
the force between two protons becomes attractive instead of repulsive,

so that there is a well of negative potential immediately surrounding a
proton. The combination of relativity theory and wave mechanics
developed in the author’s Rel<xtivity Theory of Protons and Electrons ia

here applied to this problem. It is found that the existence of the
potential well is a necessary consequence of the theory, and formulas

for its extent and intensity are obtained. The potential well is of Gaussian
form, the energy at distance r (additional to the Coulomb energy) being

_ where ‘

K = 2-20. 10 18 cm.

A 39*2 mc2,

m being the mass of an electron. The values of A and K agree with those
obtained experimentally by Breit, Condon and Present.

In the corresponding problem of the encounter of two electrons, A
is smaller in the ratio 1/1847, so that the well potential is much less

important in comparison with the Coulomb potential.

Since the potential well in this problem is fundamentally the same
as that which occurs in the theory of the nucleus, the investigation has a
special intei-est as furnishing a connecting link botwoen extra-nuclear and
nuclear physics.

20. PrcHSure ionization in white dwarf stars and planets.

D. S. Kothabi, Delhi.

The paper gives a detailed account of the theory of pressure ionization

or ionization in cold matter, i.e. matter in which any free electrons present
constitute a degenerate gas in the sense of Fermi-Dirac statistics. A
straightforward application of the virial theorem loads to a relation be-
tween the mean molecular weight (per free electron) and the density
or pressure of the material. The main asti’ophysical results which follow
from an application of the theory may be summarized as follows :

—

(i) The theory predicts that the stellar material in the interior

of the white dwarf star should be almost fidly ionized,

(ii) It predicts the existence of a maximum radius for a cold body.
The value of this maximum radius is about the same as
the radius of the planet Jupiter. Thus there cannot f>e a
cold body {planet or white dwarf) hiyger {from the point of size)

than Jupiter,
(iii) The theory shows that the two heaviest planets (Jupiter and

Saturn) have cores composed of metallic hydrogen. The
terrestrial planets have cores of much heavier metal, possibly
iron.

21. The complex spectra of novae.

F. J. M. Stratton, Cambridge.

The normal course of development of the series of spectra shown by
a nova in the course of its bright outburst may be simply stated. A
spectrum of bright undisplaced bands with absorption lines at their violet
end sharing a common Ime of sight velocity shows changes in the widths
of the bright bands, the displacements of the absorption lines and the
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type of spectrum present. At first the spectrum changes from an earlier

(or hotter) to a later (or eooler typo) and the absorption lines show a
diminishing displacement while the bright bands narrow. Then a suc-
cession of absorption spectra, generally with a larger displacement and
successively of earlier type emerge and in turn fade away : two such
spectra are commonly present together and occasionally three such
spectra can be identified as simultaneously present. As many as eight or
nine such spectra can bo traced before the fading away of the continuous
spectrum of the star leave behind a spectrum of isolated bright bands.
These pass from the A and B type, corresponding to the white and blue
stars, to the P type corresponding to the planetary nebulae and later to the
O type corresponding to the Wolf-Rayet stars, the hottest known stars.

The bright bonds in the nebular and Wolf-Rayet stage are generally com-
posite in structure and if the nova has grown to a measurable disc or
developed into a set of multiple nuclei or condensations it may be found
that different maxima in the bright bands come from different portions
of the expanding nova. The velocities corresponding to the displaced
maxima can frequently be related to the velocities shown by some of the
earlier sets of displaced absorption lines.

Tho earliest simple set of phenomena can be best explained in terms
of an expanding shell roimd a bright stellar source : the reasons why its

speed diminishes at first are not known ; and coiitinuous ejection of matt/or

from a central star may well provide tho solution of some of the pheno-
mena. The later more complex sjiectra I'equiro a much more elaborate
model and so far no consistent picture has been formed for these later

stages. It is not certain as yet whether tho later more rapidly moving
shells start inside the earlier ones or, like prominences on the Sun’s limb,
represent a sudden increase in velocity (generally to a small multiple
of the earlier velocity) of tho outer layers of the earlier outburst. Nor
is it yet certain whether shells are to be replaced by jets of gas continuously
driven off from the parent star. The study of the contours of absorption
lines and bright bands, especially when successive spectral outbursts arc

simultaneously present should throw much hglit upon such questions.

That the outward motion is due to increased radiation pressure, as sug-

gested by Milne, is very probable, but tho cause of the outburst of this

radiation is imknown. Milne’s view that we are observing tho stages

accompanying the collapse of an ordinary dwarf star to a white dwaif is

consistent with a great many of tho obseived data. We do, howi'ver,

need to find out more about tho spectral changes of the star during its

sudden rise to maximum brightness and a scheme for catching nova* at a
much earlier stage than at present is highly desirable.

22. Intensity fluctuations in the continuous absorption spectra

of some gaseous molecules—(HBr and HCl).

S, Datta, B. Chakrabobti, and S. Banerji, Calcutta.

It is well known that good deal of <?ontrovorey exists about the nature
of binding of several gas molecules, particularly those of hydrogen halides.

The discrepancy is mainly due to the fact that the long wavelength limits

of continuous absorption from which tho heat of dissociation is calculated,

is fixed at different values by different observers.

A careful repetition of the absorption experiments was thei*eforo

felt desirable and this appears to bo completely justified as the micro

-

photometric analysis of the absorption records for varying pressures have
reveided the following interesting features :

—

(i) The long wavelength limit of continuous absoriition slightly shifts

towards longer wavelengths with an increase in pressure.

(ii) At higher pressures marked fluctuations of intensity are observed

at the long wavelength begiiming, somewhat analogous to those observ^od

by Sommermeyer in the case of alkali-halides.
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The curves showing the variation of percentage of absorption with
wavelength have two distinct maxima. Interpreting their long wavelength
limitB as corresponding to transitions from the states = 0 and 1 of the

lower potential curve to practically the same point in the upper potential

curve, the difference in the long wavelength limits correspond to the

accepted values of the vibration quanta of HBr and HCl as obtained

from the infra*red measurements.
(iii) Correlation between the spectroscopic value of the heat of dis-

sociation and that obtained from thermal measurements appears to be
satisfactory when the long wavelength limit is chosen corresponding to

transitions from the state = 0 and with the absorption tube at room
iemperatiire and at atmospheric pressure.

23.

Vibrational perturbations in the lower *27 state of

aluminium oxide bands. *

P. N. Ghosh and M. K. Sen, Calcutta.

From an analogy with the spectra of boron monoxide, BO, one would
expect band systems yet undiscovered in the spectrum of AlO. While
searching for those new band systems, the authors have recorded a number
of new bands in the existing system, which is due to a transi-

tion. It is found that the new bands with ^ 9, 10, 11 and 12 are

shifted from their expected positions thus giving evidence of perturba-

tions in the lower electronic state. The perturbing state is, in all pro-

bability, a 2/7 level. Hence the existence of a new band system due to

a transition and thus analogous to the a bands of BO has
been predicted in the near infra-red region of the spectrum of AlO. The
present communication deals with the assignment of vibrational quantum
numbers to the new bands and discusses at length the perturbations exist-

ing in the lower state of the band system.

24.

A new ultra-violet band system of antimony oxide (SbO).

P. N. Ghosh and A. K. Sen Gupta, Calcutta.

The authors have recorded a new ultra-violet band system in the
spectrum of the diatomic oxide molecule, SbO. The bands are degraded
to the violet and form two sub-groups. Each band head is itself double.
The system has therefore been assigned to a 2/?->2/7 transition. The
lower state of the band system is in all probability, the ground state of
the molecule and has a doublet separation of about 2,272 cm.-t. From a
comparison with the spectra of the homologous molecules NO, PO and
AsO the band system is considered to be an analogue of the y-system.
The present communication deals with the preliminary analysis of the
vibrational structure of these new bands.

25.

Vibration temperature in relation to rotation temperature
in band spectra.

N. R. Tawde and S. A. Tkivem, Bombay.
The CN violet and the AlO blue-green systems have been excited in

the same carbon arc as the source. Gross intensity distribution among
the bands of the two systems has been made by photographing them
simultaneously. Effective ‘ vibration temperatures ’ have bwn derived
which come to be 6200° K. for CN and 3450°K. for AlO. These results
compare very well with those of Omstein and Brinkman from rotational
energy distribution and point to the existence of thermal equ^brium
of molecules within the upper vibrational states.
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26.

Study of the oxy-coal gas flame by band spectra.

N. R. Tawde and J. M. Patel, Bombay.

Swan system of C2 bands has been photographed in the oxy-coal gas
flame by producing the same under live different conditions. By keeping
the coal-gas pressure constant, the oxygen pressure has been varied so as
to get the coal-gas/oxygen ratios as 1*25, 2, 3, 4, 5. By applying the
intensity laws, temperatures have been ealculatt^d for all the ratio condi-

tions which bear with the ratios the same relation as that found by Loomis
and Perott by other methods. Besides this, many other interesting aspects

have been noted.

27.

Role of argon in the production of Swan bands.

N. R. Tawde and 1). D. Desai, Bombay.

Inert gases have been known to give rise to the production or isolation

of certain spectra. This is specially so with argon which brings out the
C2 Swan system of carbon under certain conditions in the discharge tube.
Argon was filled in discharge tubes at pressures of 10, 15, 20, 25 and 30 mm.
and progressive int/ensity changes in the bands have been measured.
Attempts have been mido to arrive at the critical pressure of argon and
the probable mechanism of the production of C2 molecule.

28.

The first spark spectrum of bromine, Br III.

K. R. Rao, Waltair.

In a former communication {Ind. Set. Cong.t *37), (also Proc. Roy,
*SV;c., Vol. 161, p. 38, 1937), it was reported that extensive investigations

on the spectrum of Bromine from A500 to A6000 led to the identification

of many of the prominent multiplets of Br III. A careful assignment
of the lines due to various stages has helped further in the discovery of
the chief combinations of Br II lying in the very extreme and the near
ultra-violet. The 4p sp term is found to be inverted. The intervals

and ^Pi'—^Pq are 3147 and 691 cm. respectively. The
first ionization potential of Bromine is found to bo 21-1 volts.

29.

The spectrum of argon IV.

A. Balankesvararao, Waltair.

Extensive investigations on the highly excited spectrum of Argon
gas from A2000 to A6000, under various experimental conditions enabled
the identification of the lines due to A IV. The prominent terms due to

the 4p, 5d, configurations are discovered. Some of the even terms are,

248927, 246618, 259764.

30.

The spectrum of iodine IV.

S. G. Krishnamitrty, Waltair.

While classifying some of the intense lines of the spectrum of highly

excited Iodine, for the elucidation of the structure of Iodine III, some
intense lines in the visible region appeared to be due to the trebly-ionized

atom. These lines along with many other lines of Iodine IV previously

identified, entered into a scheme which revealed the prominent 6p, 6s,

and 6d terms of I IV. The 6p term is found to present imusual
anomalies as would be expected in the spectm of atoms of heavier nuclei.
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31 . Factors ajflfecting the accurate determination of density by
Zeiss Kecording Microphotometer.

B. N. Ghosh, Patna.

The paper is concerned with investigation of various types of errors

which have to be taken into account when making accurate determination
of photographic density produced under varied conditions.

32. On the theory of absorption in ionized gas.

(Mrs.) Biva Majumdab, Calcutta.

In the present paper a general mathematical theory is developed
to investigate the problem of absorption coefficient in a system of ionized
gas, subject to an external electromagnetic field. Tn the first part the
theory is applied to evaluate the opacity coefficient in the inteijor of
stars, the numerical calculations being given for Sim and Capella as well
as for the well-known white dwarf, the companion of Sirius B. The
second part brings out a further application of the theory to estimate
the absorption coefficient of liquid metals which are perhaps akin in

some sense to white dwarf stars and a satisfactory agreement with the
observed values has been obtained. The results are then, as a whole,
discussed in reference to the existing theories of Eddington and others
on absorption coefficnent in the interior of stars.

33. Can a partick^ be influenced by its own gravitational

field V

N. B. Sen, Calcutta.

According to the Newtonian theory of gravitation a particle is not
infiuoiiced by its own gravitational field, and when several bodies are in

the field, the motion of the centre of giavity of any one of them is not
influenced by the part of the total field which is contributed by that body.
This need not bo so in Einstein’s theory of gravitation. This question is

examined for a single isolated iJarticle. The treatment is complicated
by certain integrals assuming infinite values. By a suitable limiting
process it is possible to arrive at the following definite results which are
rigorous and involve no approximation. A particle has no tendency to be
influenced by its own gravitational field when ob8er\’'ed from the rest system
or from a system in uniform relative motion with respect to the particle.

But when observed from a uniformly accelerated system, its gravitational
field at itself will appear to bo just of the strength to produce its own
acceleration with respect to that system. This is a perfectly self-consistent
result pointing to the iimer consistency of the Principle of Equivalence
with the Geodesic postulate from which the above results have been
derived.

Geophysics

34.

Graphical computations of energy realizable under certain
atmospheric conditions.

C. W. B. Normand, Poona.

The well-known examples of Margules involve lengthy computations.
Approximate results can bo obtained by simple means on an adiabatic
diagram, e.g. on a temperature-entropy diagram. This method cair be
extended easily to examples of a much more general typo than those
worked out by Margules. Examples, in which condensation of water
vapour takes place, can also be computed graphically and show how
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great a factor the latent instability of water vapour may be in the develop-
ment of kinetic energy.

35. Does rain play any part in the replenishment of earth’s

negative charge ?

S. K. Banekji, Poona.

At Bombay thimdoi’sionns invariably move ovcrliead in some east-

west or west-east direction according as they arc ‘ heat * thunder-
storms or ‘ line-squall ’ thunderstorms. An analysis has been made of
the charge brought dowji by rain during the passage of 23 thunderst/orms
over Bombay in the years 1930-32. This shows that tho average positive
charge per cubic centimetre of rain is 0*1 1 els. unit and the average nega-
tive charge per cubic centimetre of rain is 0*12 els. unit. These two
amounts are ver^’- nearly equal to each other, but tho mean amount of
negative rain (namely 1‘39 cm.) per thunderstorm is in considerable
excess of the mean amount of positive rain (namely 0-97 cm.). The
result is that on the average each sq. cm. of ground received 0*17 els.

unit of negative charge and 0*11 els. unit, of positive Riarge, and estimating
that an area of (100 km.)2 received charge at, this rate, it is concluded
that each thundcrstoi-m transferred to the ground 5*6 X 103 coulombs of
negative electricity and 3-6x103 coulombs of })ositive electricity. Tho
question is, thereforcs asked whether, if an analysis is made in this way
of the records of charge at other stations in respect of thunderclouds which
have definitely travelled overhead, rain would be found to transfi*!’ an
excess of negative charge to tho ground on tho average everywhere.

36. Focal depths of earthquakes in India and neighbouring

regions,

K, R. RamANATHAN and S. M. Mtjkhebjee, Bombay.

1. Methods of detennining focal depths of earthquakes
; methods

available for use in India.

2. Depths of some earthquakes in the Hindu Kush region as deter-

mined from seismograms,
3. Depths of some earthquakes in Assam as determined from

seismograms ; comparison with information obtained from other sources.

The conclusion is reached that the depth of the original disturbances of
many of the earthquakes in the region of the Khasi and Jaintia Hills are

60 to 80 kras. These deeper shocks are sometimes accompanied by
breaks at small depths.

4. Depths of some earthquakes in and off Sumatra.
6. The organization needed for the determination of focal depths

and other characteristics of earthquakes.

37. The diurnal variation of magnetic disturbance at Bombaj^^

(Alibag).

K. R. Ramanathan and R. Nabayanaswami, Bombay.

The present paper contains an analysis of the irregular magnetic
disturbances (apart from magnetic storms) at Bombay and their com-
parison with similar data obtained in higher latitudes. As an index of

disturbance the departures of the ranges of H in each hour from the

corresponding mean ranges on the five international quiet days in the

month, were used. The irregular disturbance variation is a function of

the local time. The data used cover the period of 11 years, 1923-1933.
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The main results of the investigation can be summarized as below :

—

1 . The hour of minimum disturbance occurs early in the morning
usually between 4 to 5 or 5 to 6, and that of the maximum
near about noon.

2. Them is a secondary maximum at about 22 to 23 hrs. at night

with an intervening minimum at about 12 to 20 hrs.

3. Analyzing the results according to month, the day maximum
is more pronounced in the montlis April to August. In the

winter months, there is a tendency for the variation to

approach the European type (Eskadalemuir and Wilhelm-
shaven) in which there is one minimum in the morning (at

about 9 hrs.) and a maximum in the evening (at about
22 hrs.).

4. If days of magnetic character 2 are excluded, the diurnal

variations are similar, but the late evening maximum is

suppressed leaving the noon maximum more pronouijced.

It is generally believed that ‘ in the latitudes between the two auroral

zones, that is, up to at least 65° magnetic latitude, Dt has a simple daily

variation, with its maximum in the evening as the auroral zone is

approached the hour of maximum gets later, from about 21 hrs. at 55°

to midnight at 70°. Up to this latitude the hour of the daily variation

of Di does not vary much either with season or with the general intensity

of magnetic disturbance ’ (Chapman). The present analysis of Bombay
data shows that in low magnetic latitudes, the main variation is a maxi-
mum near noon with a minimum a little before sunrise. The evening
maximum of temperate latitudes is superposed on this simple variation.

The probable causes of the variation are discussed.

38. Dust-storms of Agra.

B. N. Srbenivasaiah and N. K. Sun, Poona.

After briefly summarizing characteristics of 152 dust-stprms which
occurred at Agra between 1924 and 1930, the atmospheric stnicture

associated with dust-storms over Agra, as revealed by certain special

meteorograph ascents made by one of the authors (B. N. Sreenivasaiah)

and by some other records obtained at Agra, is discussed with particular

reference to the conditions of latent instability. The general conclusion
which the study points to is that the existence of latent instability is a
necessary condition for the occurrence of a dust-storm but is not sufficient

by itself to start the phenomenon miless there is a trigger. Insolation
and undercutting by cold winds, associated with cold fronts or otherwise,
are seen to be suitable agencies to act as triggers to start dust-storms at
Agra. The aid is taken of trajectories of air currents and synoptic
weather charts to determine the trigger action and also to explain the
existence of latent instability. Further study is in progress to test these
provisional conclusions.

39. Foreshadowing formula for monsoon rainfall in Upper
Siam.

V. Doraiswamy Iyer, Poona.

The formula for foreshadowing the rainfall of Upper Siam obtained
with data up to 1926 is tested for its performance in the ten years, 1927
to 1936. Two of the factors included in the formula which showed poor
performance are replaced by two other factors which showed a more
consistent performance in the last ten years, and a new formula for fore-

shadowing is obtained with a joint correlation coefficient i? = 0*71.
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40. Average intensity of rainfall on a rainy day in India.

V. Doraiswamy Iyer and Kasturinath Sobti, Poona.

Monthly charts of the average intensity of rainfall on a rainy day are

prepared and discussed. The average intensity associated with winter
disturbances is found to be moderate. The intensity Increases gradually
during the hot weather till a maximum value is reached in the monsoon.
During the height of the monsoon the chief feature of the distribution is

the contrast between the windward and leeward sides of the mountain
ranges. In the retreating monsoon months the area of liighest intensity

lies along the coast of the Bay of Bengal.

41 . Distribution of heavy rainfall over India.

V. Doraiswamy Iyer and Mohammad Zafar, Poona.

Two charts showing the distribution over India of heavy falls

exceeding 3^^ and 5" in 24 hours are given and briefly discussed. A chart

showing the heaviest fall that has occurred in different parts of India is

given followed by twelve monthly charts showing the distribution of the
heaviest fall in each month. Their chief features are briefly explained.

42. Influence of cloudiness on radiation received on a horizontal

surface from the sun and sun-lit sky.

P. K. Raman, Poona.

The paper gives a summary of the mean monthly values of
(radiation from the smi and the sky) for 193d as measured on a Kipp and
Zonen recording solarigraph under varying conditions of the sky. The
mean duration of sunshine is also given for each month. The mean
hourly and seasonal variation of intensity of radiation is discussed. After
Angstrom and Kimball, the solar radiation values are expressed as a
linear fun<jtion of the ratio of actual to possible duration of sunshine. A
few typical charts on cloudy days are reproduced. The radiation on
days with skies overcast with different kinds of clouds is discussed in rela-

tion to the radiation from clear skies.

43. Distribution of gases in the upper atmosphere.

S. K. Mitra and H. Rakshit, Calcutta.

A problem of great importance in the study of the upper atmosphere
is the estimation of the height at which diffusive equilibrium under the
action of gravity begins to be important. Investigations by Maris and
by Epstein show that equilibrium sets in rapidly in regions of low pressure.

The question as to the level from which diffusive equilibrium will begin
to be important can be settled by observations on the disturbing causes.

This level should commence from the height at which the time taken for

appreciable separation of the constituents is small compaied with the period
of the disturbance. From a consideration of disturbing winds which are

known to exist at levels of 70 to 100 km. the lower limit of the height

of diffusive equilibrium level may be taken as 100 km.
The upper limit is calculated after Epstein for two atmospheres*

one consisting ofNs and Os and the other ofNs and O taking into considera-

tion the disturbing effect due to heating and cooling. It is found that the

mixing should extend up to heights of 500 km. and 350 km. respectively.

Calculations are also made of the pressures at and the masses of
the two constituents existing above different levels in the upper atmos*
phere. The values of both of these are higher then those obtained by
previous workers.
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Dielectric Constants, Ionisation, Radio Waves and
Scattering

44. Lecture on ' The dielectric constants of solid bodies

Prof. (-. G. Darwin, Cambridge.

45. Dielectric constant of ionized gases.

S. Gangopadhyaya and S. R. Kjiastgir, Dacca.

Measureineiits of the dielectric tionstant of ionized air and nitrogen

liavo been made for ultra-high frequencies iising condenser plates placed
outside the dischargo tube. It has been found that the value of the

dielectric constant wljich is less than unity decreases approximately
proportionately with the increase of the tube current only up to ascertain

value of the latter. Beyond this value the dielectric constant gradually

attains the value of unity and subsequently becomes greater than one
for larger tube currents. The results of our experiments have been
explained as due to the formation of ionic sheaths round the inside surface

of the discharge tube. By eliminating the ionic sheath formation by
using an earthed cylindrical copper anode (with slits) surroimding the
inside of an air discharge tube and an aluminium cathode in the shape of
a straight rod along the axis of the copper cylinder, it has been found that
the dielectric constant of ionized air is always less than one. An
irregularity in the curve showing the values of the dielectric constant of
ionized air for different ionization values still remains after the elimination

•of the sheath effect. It has been shown that this is not connected with
Tonks and Langmuir’s plasma electronic oscillations. The irregularity

con perhaps be explained as due to the effect of conductivity acquired
by the ionized medium.

When wavelength has been changed keeping the tube current constant,
the dielectric constant of the ionized air has been found to decrease almost
proportionately with the square of the wavelength up to a certain wave-
length, thus showing agreement with the Eccles-Larmor formula up to

that point. Beyond this wavelength the dielectric constant has been found
to increase. These results are similar to those of experiments of Khastgir
and A. Imam using a different method. It has been shown that turning
point in the dielectric constant curve is not due to effect of plasma
electronic resonance. Further experiments are necessary to elucidate the
problem.

46. The ground-attenuation of ultra-short waves along the
earth.

M. K. Chakravarty and S. R. K^stgir, Dacca.

lielative field-strengths have been measured at different distances
along a straight line in an open ground from a portable ultra-short wave
transmitter fitted with a quarter wave aerial. The transmitter has been
of sufficient power to enable field-strength measurements to be carried
out with accuracy up to a distance of 60 m. from the transmitter. A
wavelength of 3-64 m. has been employed for the purpose. The receiver
used has been a heterodyne receiver with an oscillator-detector circuit

followed by L.F. power amplification. The L.F. alternating voltage
developed across the telephones in the output circuit when the trans-
mitter is on has been measured by a sensitive valve-voltmeter constructed
for the purpose. Before any attenuation measurement has been made
the frequency of the beat-note has been 8Mljusted to a definite value with
the help of an adjustable Galton whistle which has been compared with
the continuous heterodyne whistle obtained in the loudspeaker connected
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with an L.F. amplifier. All measurements have been made through tele-

scopes situated at some distance.

Leaving aside only one observation for the 40 m. site which has been
close to a tree^ the attenuation measurements have been examined in the
light of Norton’s formula for ground attenuation of radio waves from a
short antenna. Recognizing that some discrepancy at near distances
would occur between theory and experiment due to the finite height of
the aerial and the interference effect as suggested by Smith-Rose and
McPetrie, attenuation curves have been computed according to Norton
for suitable values of the electrical constants of the soil. The values of
the electrical conductivity a and the dielectric constant e of the ground
which give agreement with Norton’s formula are :

6 = 7 e.s.u.

a =a *91 X 10-14 e.m.u.

The values for wet ground have been however larger, viz.

:

€ = 10 e.s.u.

a= l‘84x 10-14 e.m.u.

It is significant tiiat theso values agreed in their orders of magnitude
with the values obtained by the direct laboratory method.

47. Direct determination of the electrical constants of soil

at ultra-high radio-frequency.

M. K. Chakbavarty and S. R. Khastqib, Dacca.

In the present investigation the attenuation of ultra-short waves
travelling along a Lecher wire system immersed in a specimen of Dacca
soil from the first potential node has been determined for a certain range
of ultra-high fiequenoies and for varying moisture-contents.

The theory of rneasuroraents consists in evaluating the olectrical

conductivity a and the dielectric constant € of soil from the formulae ;

/Aa\» a2A«2

\Xj 47x2

OLW^
,

4ix2A,

After having measured A^ and A#, a is determined from the * high-
width * of the resonance curve.

The value of the dielectric constant of the specimen of the soil has
varied from 3*95 (e.s.u.) at a moisture-content of 7*2% to a value of
29*4 (e.s.u.) at a moisture-content of 30*2%. The value of the electrical

conductivity is of the order of 10 -14 o.m.u. It has increased with the
increase of moisture-content.

The value of the electrical conductivity has been found first to increase

and subsequently to diminish with the increase of frequency. The range
of frequencies has been from 73 to 89 megacycles/soc. The dielectric

constant has been found to diminish with the rise of frequency.

It is to be noted that the values of c and a of the particular specimen
of Dacca soil agree in their orders of magnitude with the values estimated

from the attenuation measurements.

48, On Pannekoak’s theory of the upper atmospheric ioniza-

tion.

M. N. Saha, Allahabad.

In 1926, Prof. Pannekoek of Amsterdam, proceeding from the present

author’s theory of thermal ionization, proved that the Upper Atmospheric

Ionization (Ionosphere) can be explained as the result of photoeleotrio

€ SBS

and a «
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aotion of sunlight on the gases of the atmosphere. In the present paper,

this theory as well as its extension by S. Chapman is oriticcdly examined,
and is shown to be capable of various improvements. But it is pointed
out that a complete solution cannot be obtained unless the spectra of

and Os are thoroughly investigated in the far Schumann region with a
view to obtaining information about photo-ionization of these molecules

and atoms. It is shown that the mathematical expression for the process

of photo-ionization is widely different from that assumed by Pannekoek
(based on Kramer’s theory), but the solution of the problem presents

mathematical difficulties which have not yet been overcome. Besides,

it is pointed out that Pannekoek’s considerations do not apply strictly to

an atmosphere possessing a temperature gradient.

Making certain plausible assumptions, it is shown that the formation
of different layers can be attributed to the following physical processes

:

1 . —it is probably due to the complete dissociation of O2
into atomic oxygon during hours of sunlight by the rays of the sun, and
subsequent ionization of the O atoms.

2. jP’i-layer—^its formation may be ascribed to the photo-ionization
of O2 to O2+ N2 to N2+ according to processes which involve the

second ionization potential of these molecules.

3 . ^-layei*—^its formation may be ascribed to the photo-ionization
of N2 to N2+ O2 ^2’^ according to a process which involves the

first ionization potential of these molecules.

49. On the propagation of electromagnetic waves through the

atmosphere.

M. N. Saha, R. N. Rai, and K. B. Mathub, Allahabad.

In this paper, the equations for propagation of electromagnetic
waves in the Earth’s Atmosphere are obtained from fimdamental con-
siderations, both when damping is present and when it is negligible. The
equations are solved for vertical propagation in the case when the com-
plex dielectric constant is regarded as constant. The results obtained in

this case are identical with those of Appleton and Hartree, for reflection

of the waves and for their polarization, but when the variatfon of refrac-

tive index is taken into account, considerably divergent results are obtained
some of which have already been reported by one of the authors (R. N. Rai).
It is pointed out that if the equations can be rigorously solved, much new
result may be expected.

50. Ionization of J^-rogion before sunrise.

K. B. Mathitr, Allahabad.

Curves have been drawn for the time of sunrise and sunset at different
heights for Allahabad for the whole year and with the help of these curves,
the height where the sun's rays are falling at the time of minimuni ioniza-
tion of the J^-region just before sunrise is found. Similar calculations
have been made for Washington and Slough and from these it has been
shown that this height is greater in winter and smedler in summer for all

the latitudes. For higher latitudes (e.g. Slough) the ionization always
begins to rise after sunrise in the F-region while for lower latitudes (e.g.

Washington and Allahabad) we can roughly say that the ionization
begins to rise before sunrise in winter and after sunrise in summer*

51. On an exact test of association between the occurrence of
a thunderstorm and an abnormal ionization.

S. S. Bose and P. 0. Mahalahobis, Calcutta.

In testing independence with 2 x 2 tables, if the frequencies are small
Px^ test, in general, gives underestimated probabilities. If the distribu-
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tion is not very skew, Yates correction for continuity gives good approxima-
tion. If it is skew, it is always desirable to perform the exact test by
the hypergeometric series.

The observations show that a signidoant association exists between
the occurrence of a thunderstorm and an abnormal ionization in the
upper air, that the association between magnetic disturbance and abnormal
ionization or between magnetic disturbance and thunderstorm is not
appreciable.

52. Baman effect at low temperature : solid toluene and solid

ethylene dichloride.

8. C. SiRKAR and J. Gupta, Calcutta.

The Baman spectra of solid toluene and solid ethylene dichloride
have been studied at about — 190°C. It has been observed that in the
former case there is no new Baman line of appreciable intensity in the
neighbourhood of the Bayleigh line and in the latter case there is a strong
new line with Ar equal to about 68 cm.-i and another new broad band
at about 98 cm.-i The Baman spectrum observed in the latter case
corresponds to that due to the trana configuration as observed by
Mizushlma and others at the temperature of soUd carbon dioxide, but
with the difference that the two new lines mentioned above were not
observed by the said authors and that some of the lines are shifted con-
siderably at the lower temperature. Since toluene molecule has no centre
of symmetry, there is a greater chance of the occurrenrse of an asymmetric
restoring force diuing lattice oscillation in solid toluene than in the case

of oentro-symmetrical molecules and as has been proved by the investiga-

tions by Menzies and Mills of the Baman spectra of ammonium chloride

and ammonium bromide at low temperature, the Baman line duo to lattice

oscillation in solid toluene ought to have been more intense than those hi

the case of other centro-symmetrical molecules. Since the observed facts

axe contrary to these expectations, the new lines close to the Bayleigh
line may not be due to lattice oscillation but may be due to intermolecular
oscillation in polymerised groups as suggested previously.

53. Effect of high temperature on the Raman spectra of

substances.

R. Ananthakbishnan, Poona.

Placzek’s polarisability theory of the Baman effect indicates: (1)

that the absolute intensities of both the Stokes and the anti-Stokes Baman
lines increase exponentially with temperature, and (2) that the ratio

of these two intensities tends to approach more and more towards unity
at higher temperatures. While theory and experiment have been found
to be in fair agreement in respect of (2), considerable discrepancies have
been observed in respect of (1). Instead of the expected increase in the
intensity of the Stokes lines with rise of temperature, a pronounced diminu-
tion in their intensity heus been generally noticed. A discussion of these

points and an account of some preliminary results obtained in the case of
nquid carbon-tetrachloride are presented.

54. On the moving boundary method for the determination

of absolute rates of migration and transport numbers of

ions, and a verification of the theory of Kohlrausch and
Weber.

N. C. Sen Gupta, Calcutta.

The influence of the concentration of indicator solution on the velocity

and transport numbers of the leading ion has been measured with rising
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boundanea in the case of KCl, KNOg and K2SO4 in centinormal solutiona

using potassium iodoeosiiiate as the indicator electrolyte in different

concentrations. It has been found that when the concentration of the
indicator is greater than that demanded by the equation of Kohlrausch
and Weber the transport number of the leading ion is practically constant
being

„KC1 ™KNO, „T- = 0-603, = 0-486
, T i 0-611

within the range of experimental errors, i.e. about i 0*3 p.c. When the

indicator solution is initially too dilute the results are vitiated. The
adjusted concentration of the indicator ion behind a boundary has been
measured potontiometrically with potassium picrate as the indicator and
0*02N. KCl as the leading solution. It has been found that from a more
concentrated solution a solution of KPic comes out at a concentration of

0’0120N. The transport number and absolute velocity of picrate ion at
35° have been foimd to be 0*301 and 36*4 x 10 *5 cm./sec. respectively.

55.

The electron affinity of the halogens.

B. N. Srivastava and A. N. Tandon, AUahabad.

The electron affinities of chlorine, bromine and iodine have been
recalculated from the experimental measurements of Prof. Saha and
Tandon published earlier by taking into account the contribution of the

vibrational terms in the equation of dissociation equilibria. The dissocia-

tion temperature has been found by experimentally comparing the tem-
perature inside the graphite tube with that of the outer surface as recorded
by the pyrometer under the same experimental conditions. These new
values have been used in the present calculations. The values of the

electron affinity thus obtained aie in good agreement with the values

obtained by other workers, and are as follows :

—

Chlorine 85*4 K. oal. ; Bromine 79*5 K. cal. ; Iodine 72*4 K. cal.

56. On the theory of semiconductors in magnetic field.

M. Sen Gupta, Sibpur.

In the present paper a general mathematical formulation for the
change of resistance of semiconductors in magnetic field (both weak
and strong) is derived on the assumption of Lorentz force acting on the
metal electron. The numerical calculations are given for both de&rmable
(Bloch) and rigid (Nordheim) ionic model of lattice and a general conclusion
is drawn of the correctness of Bloch’s model. A critical discussion of
the results so obtained is made particularly with reference to the validity
of Harding’s results, and the difficulties to arrive at a quantitative agree-
ment with the observed fact are cited. Hall’s constant is evaluated in
both the oases of strong and weak magnetic ffeld in Bloch’s model.

57. The theoryof molecular dissociation in upper atmospheres.

R. C. Mujumdar, Calcutta.

A preliminary theoretical attempt is made in the present paper to
estimate the de^e of molecular dissociation at different heights in upper
atmosphem under the action of the ultra-violet light of the sun. It is

found, as for example, that the oxygen molecvdes are completely dissociated
at a height above the J^-region of the Ionosphere, provided we assume
a temperatxire of 300°K and a pressure oorresj^nding to the average mass
of oxygen and nitro^n molecules. In the Ught of the results obtained
a critical discussion is given as to the mechanism of absorption of sun’s
ultra-violet radiation by the molecules present in the upper atmosphere.
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58.

Stratification of the ionosphere.

J. N. Bhab, Calcutta.

Oaloulations of atmospherio ionization are made after Pannekoek
with certain modihoations as to the details in the light of our present
knowledge regarding the mechanism of ionization of the constituents

and the distribution of same in the upper atmosphere.
It is found that if the sun is regarded as a black body at 6800°K two

ionized layers are formed at the levels at which the partial pressures of
atomic oxygen and molecular nitrogen are 10 * and 10-8 dynes/cm.*
respectively. The maximum ionic densities are found to be 8 x 10®

and 2x10® electrons per cm.s nearly.
If the results of Mitra and Kakshit on the distribution of pressure

with height in the upper atmosphere are used it is found that the regions

of maximum ionization referred to above occur at tho levels of 350 and
270 kms. nearly. These layers, though their heights are a little greater

than those usually accepted, may be reasonably identified with the F2

Fi regions of the ionosphere.
It is also shown that in the present state of our knowledge it is not

possible to account for tho existence of ionized layers much below 200 kms.
on the assumption of the sun radiating like a black body at 6800°K,

General and Applied Physics

59. Lecture on ‘ The method of systematic relaxation of

constraints, a general method of attack on the equations
of mathematical physics ’.

Pbop. R, V, Southwell, Oxford.

60. Studies on the spreading of certain substances on a clean

surface of water,

L. A. Ramdas and P. S. Vaidyanathan, Nagpur.

The paper describes a series of experiments on the spreading of
mono-molecular films on a clean surface of water. It is shown that the
rate of spreading from the edges of a piece of camphor floating on water,
depends only on the perimeter of the edge where it is In contact with
water. The area of the water surface and the depth of the layer of water
below have no influence on the rate of surface solution from the parent
material. The rates of surface solution, and of solution in tho ordinary
way by diffusion from the material kept inside water, have been studied
quantitatively. The former is very much more rapid than the latter.

It is shown that, during the process of spreading on water, the adjacent
layers of water are also tlragged along, and that the film dips into the
water below at the periphery of the spread area. These movements
agitat-o the liquid column below. On illuminating tho column suitably the
convection can be seen from the movements of suspended paHicles. The
fact that the spreading of a mono-molecular film on water is accompanied
by vigorous convection in the water column below has been over-looked
in previous work on the subject.

61. Study of instability in layers of fluids when the lower

surface is heated.

S. L. Malurkar, Agra.

Rayleigh and Jeffreys have discussed the theory to determine the
maximum temperature difference that could be maintained between two
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layers of fluid sheets before instability started. Brunt and Low* applied

Rayleigh's criterion to explain the high lapse-rates near the ground. The
measurements by the author and Ramdas showed, however, that very

much larger lapse-rates could exist very near the ground on sunny after-

noons than given by the above theory. A theory was advanced to

account for the distribution of temperature near the ground taking

account of radiation from successive layers. Without considering whether
the temperature difference that existed between two given heights was
at all possible, the actual value obtained from experiment was used as a
boundary conation to derive the distribution of temperature with height.

But the complete problem could be divided up into two distinct parts

which can be dealt separately :

—

1 . Nature of temperature—height curve for a given temperature
difference.

2. Maximum temperature difference that is possible in a given

height interval for a given temperature distribution. *

Rayleigh and Jeffreys assumed that the temperature height curve

was linear. The equations used by them under steady conditions is

only capable of dealing with the above linear lapse-rate. In actual

practice the temperature height curve near the ground is concave upwards
and resembles a hyperbolic sine curve. The problem is therefore to

be dealt with from first principles so that in steady conditions the equa-

tions give nearly the observed curve. The fundamental equation of the

paper is

a2
j
2 sech y((dyd(^—b^)x =» —Aa^wy cosech nyx*

The equation had to be solved by a new method in order to give

interpretable results. The method is briefly explained. Both the prob-

lems of Rayleigh and Jeffreys are considered and results obtained
suitable for computation. With Rayleigh's boundary condition the first

approximation is

where p is the density, Cp the specific heat at constant pressure, p is

the mean lapse-rate in a given height interval h, 6q the initial tempera-
ture, Aj, V the coefficients of conductivity and viscosity of air, y a constant
which is a measure of the concavity of the hyi>erbolic sine curve, and a
is a constant. In Rayleigh’s original problem the right side of the equation
would merely be with o* ~ J which is equal to V under the
conditions of the problem. Near the surface of the ground y is about 1

or 2 and we need higher approximations to get at the correct value. This
can be done easily with the expressions given in the paper.

It is deduced that the maximum (fifference of temperature that can
be maintained between two given heights is dependent on the distribution
of temperature with height. Under the various usual boundary condi-
tions the temperature difference that can be maintained when the distribu-
tion curve is concave upwards is greater than if it is linear.

62 . Some plane stress problems of non-isotropio materials.

Bibhutibhusan Sen, Calcutta.

In this paper an attempt has been made to solve two problems con-
nected with homogeneous ssolotropic material having three orthogonal
planes of symmet^. The first problem considered is that of a thin
circular disk rotating about a normal axis passing through its centre,
and the second problem deals with the ben^ng of a uniformly loaded
beam of narrow rectangular cross section, the material in each case pos-
sessing SBolotropy of the type stated above.
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63. On the theory of liquids.

A. Ganguuc, Chandemagore.

Energetics of the liquid state have been critically discussed and
introducing interaction forces statistical methods have been applied for
the study of structure and properties of liquids. It is suggested that
liquid molecules \mder high internal pressure do not obey the classical

statistics and incipient degeneracy sets in. By the application of van
der Waal's theory of imperfect gases simple expressions for the viscosity
and diffusion of liquids have been derived.

64. Variation in fibre strength and fibre weight per inch with
the group length of fibres in Indian cottons.

C. Nanjundayya and N. Ahmad, Bombay.
The breaking load of single cotton hairs of different lengths has been

determined with a Balls Magazine Hair Tester, after making some necessary
modifications. The following conclusions are drawn from the results :

—

(1) The mean breaking load decreases with increase in group-
length.

(2) The frequency distribution for each group-length is asym-
metrical and skew.

(3) The correlation coefficient between group-length and mean
breaking load of the group is just significant and a hyper-
bolic equation fits the length mean breaking load curve.

(4) General relations are deduced from which the mean breaking
load corresponding to a group-length can be deduced either

from the mean length or the mean breaking load of a cotton.

The weight per unit length of each group-length was also deter-

mined. It is foxmd that (1) the weight per unit length decreases with
the increase in group-length, (2) the conclusions of the previous workers
regarding the variation of fibre weight per inch of different cottons when
citified into botanical species are confirmed by the present experiments.

It is further found that the intrinsic strength chows a mild tendency
to decrease with the increase in length. The correlation coefficient between
mean fibre strength and mean fibre weight per unit length, obtained
by pooling together all values irrespective of cotton, is high and mdicates
that 50-70% of the variation in fibre strength is accounted for by the
fibre weight per unit length, while the remainder may be due to the
occurrence of bruises, cracks, pits, etc. on the fibre surface.

65. The effect of twist on the strength and length of cotton

fibre.

Habibao Navkal and Nazib Ahmad, Bombay.

The fibre strength and the percentage contrcKition of five cottons
have been measured with the fibre in the natural state and after inserting

26, 60 and 100 turns respectively in either direction. The following

conoliisions are drawn :

—

(1) In general, the fibre strength first increases, reaches a maximum
and then falls as the twist is gradually increased. The maximum is

attained at lower twists by the shorter varieties.

(2) The left-handed twist causes a slightly higher increase in strength

than the right-handed twist.

(3) The fibres contract on being twisted, the percentage contraction

increases rafudly with twist and is greater for the shorter than for the

longer cottons.

(4) The variability of strength and length and the skewness of the

strength frequency curves are all significantly higher at 100 turns per
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inch than at zero twist, the direction making no difference to the magnitude

of these effects.
, j . xi.

(5) On the whole, the amount of twist usually employed m the

spinning process improves the fibre properties but this improvement is

very ftTYiah and can account for only a minute fraction of the increase in

yam strength resulting from the insertion of twist.

(6) The adverse effects of twist on the properties of fibre are some-

what more marked for the shorter than for the lonj^r cottons.

(7) The molecular chain theory of structure of the fibre is capable of

explaining, in a qualitative way the principal effects of twist noticed in

the course of this work.

66. A device for determining the proportion offibres of different

length in a sample of cotton.

N. Ahmad and C. NANjimnAYYA, Bombay.

The Cotton Stapling Apparatus, designed at the Technolo^cal
Laboratory (Bombay) some time ago, gives the mean length and weight
per unit length of a cotton. It, however, suffers from the limitation that it

does not give the frequency distribution of length, a knowledge of which
is often useful not only to the research worker but also to the trade and
industry. With a view to remedying this deficiency, a new attachment to

the Stapling Apparatus has now been designed. The description and
mode of operation of this device are given in this paper. Further, the

results of experiments, conducted with a view to determining the degree

of agreement with the other instruments in vogue, are also given. It i

shown that this device is capable of yiekiing consistent results which agree

well with those given by other methods.

67. The clinging power of cotton in relation to its other

physical properties.

K. R. Sen and N. Ahmad, Bombay.
The clinging power for seventeen different cottons was determined

at two different inclinations of the slipping fibre with an apparatus specially

designed for this purpose which eliminated most of the sources of error
occurring in the work of the previous authors. The effects on clinging
power of exerting different pressures and of mercerization without tension
were also studied. The following are the main conclusions drawn from
the results :

—

(1) The effect of convolutions on clinging power is greatly disturbed
by the irregularities in the distribution of the former ; so much so that a
negative trend, in the relation between the two characters may exist.

(2) Coarse cottons usually possess a rough surface. For extremely
coarse cottons roughness increases more rapidly than coarseness'. For
very fine cottons, on the other hand, the change in roughness is slow.

(3) As the surface roughness increases the amount of wax per unit
surface increases at first, but ultimately reaches a stefiwiy value. These
phenomena are fully explained by consideration of relative rates of change
of the different characters involved.

(4) Clinging power tends to decrease as the relative humidity increases.
Decrease of temperature also appears to reduce the clinging power, although
to a considerably smaller extent.

(6) At low pressures the coefficient of friction between cotton fibres

onlinarily decreases as the pressure is increased. This is ascribed to the
differences in contact between the fibre surfaces. Maximum possible
contact occurs for different cottons at diffsrent pressures, the critical

pressure lying between 5 and 6 cms. of mercury.
(6) Mercerization without tension reduces the clinging power of fibres

mainly through removal of convolutions and to some extent as a result of
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^oothening out oomigationa or crinkles. For inclined fibres reductionm olingii^ power appears to result mainly from decrease in surface crinkles.
(7) Finally, the bearing of the results on irregularity in a yam has

been disoussed.

68. Generalized theory of the Schrage motor.

J. J. Budba, Madras.

In a previous paper (R.O.E., 1934, Vol. 35, p. 843,) the author has
given the exact and approximate theories of the Schrage motor for the
oases when the axes of the commutator brushes and the secondary are
coincident ()5 = 0) and when they are in opposition (j9 ^ w). In the pre-
sent paper the theory of the motor for any value of j3 has been worked
out by a method different to that used in the previous paper. It is shown
how the complete performance curves of the motor may be predeter-

mined with the help of data obtained from no load tests on the motor.
The performance curves predetermined in this manner are compared
with tost curves of two motors. An analysis of the motor has been made
which shows that the slip voltage, in phase and quadrature components
of the commutator winding, and the current in the comTmitator winding
make definite contributions of power and the sum of these gives the total

power developed by the motor.

69. Modifications in Leblanc phase advancer.

J. J. Etjdra, Madras.

This paper suggests modifications of Leblanc phase advancer with a
view to improve its range. The simplest modification is obtained by
replacing the single brxish sot in the advancer by brushes connected to-

gether through racks and pinion arrangement. By dividing the secondary
of the motor in three sections and connecting each section to a pair of
advancer brushes compensation of the motor can be varied by turning
the pinion.

The second modification is to provide the phase advancer with a
stator containing a three-phase winding. By connecting the stator winding
to a three-phase rheostat, compensation provided by the phase advancer
can be varied within wide limits by changing the resistance in the stator

circuit.

The third modification is to provide a three-phase winding below
the commutator winding and connect the former through its slip rings to

a three-phase rheostat. Compensation can be varied within wide limits

by changing the resistance in the rotor circuit.

A fourth modification is a combination of the second and the third.

Tests with the second, third and fourth modifications have been
carried out and the second is found to give the best results. A theory

of the phase advancer having the second or third modification is under
consideration.

70. The theory and performance of the Torda motor.

A. R. Rabianathan and J. J. Rxtdra, Madras.

Prof. Cramp has given an approximate theory of this motor (J.I.E.E.,

1929, p. 766) indicating the rough limits between which the current locus

of the motor lies and the complications introduced in the theory owing
to the variables of the commutator winding. In this paper the authors

propose a theory of the motor which, taking into account all the variables

of the commutator winding, enables the complete current locus and per-

formance curves to be predetermined. The current locus and performance
curves of a 20 h.p. motor determined according to this theory are com-
pared with test results of this motor given in Prof. Cramp’s paper. The
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predetermined and experimental current loci a^^ree very well. The pre-

determined performance curves of the current, power factor, speed and
efficiency against brake horse power agree fairly well with test resulte

except in the case of efficiency. A probable cause of this disagreement is

the mcrease in iron losses due to distortion of the main flux of the motor
by super-imposition of the commutator winding flux on it.

71. Stator-fed variable speed shunt polyphase commutator

motors.

A. Sbinivasan, Madras.

Speed of the stator-fed commutator motor is varied by injecting a

voltage from (o) a transformer with tappings, (b) an auxiUary winding

with tappings on the stator of the motor, and (c) auxiliary winding on the

stator of the motor and a transformerm the form of an induction regulator.

This paper contains results of tests carried out to study the difference in

the characteristics of motors of the three types.

72. Some economic considerations in the choice of electric

lamps.

D. R. Bhawalkar and G. D. Joqlbkab, Calcutta.

Curves are drawn for a typical case of lighting having an averege
luminous output of 10,000 lumens for 1,000 hours, showing the relation

between the total expenses, initial cost of the lamps, the average efficiency

throughout life of the lamps, the average life of lamps and the charge
per unit of electricity. The electricity charges are those usually found
in India. Curves for any other particular problem can be similarly drawn
and made use of in selecting lamps, whoso total running cost would be
the cheapest. The initial cost of lamps forms an important part of the
total expenses when the rate for electricity is low, but at higher rates, it

becomes insigniflcant. More attention should be paid to the efficiency of
the lamps at higher rates for electricity.

73. An experimental dry cell.

G. D. JoGLBKAB and L. C. Verman, Calcutta.

No less than thirty variables enter into the manufacturing processes
involved in the making ofdry cells, and each one of these exerts a signifioant

effect on the ultimate properties of the cells, such as its initial electrical

characteristics, shelf life, output capacity, etc. Initial characteristics
indicate in general the behaviour of a ceU in subsequent life.

In order to facilitate the study of the effects ofmanufacturing variables
on the initial characteristics, an apparatus has been designed by the
help of which it is possible to determine the e.m.f., internal resistance,
polarization, etc., as affected by a number of veuiables, such as the com-
position of depolarizer, electrolyte, doUy forming pressure, etc. By the
use of this so-called experimental dry cell, a considerable saving of time
is effected in determining the characteristics of various raw materials,
since it avoids the necessity of having to make cells and subjecting them
to regular teats.

Mathematics and Statistics

74.

Geometry of intersections.

F. W. Lbvi, Calcutta.

The investigations of the intersection-theorems of the projective
Geometry inaugurated by the olassioal papers of David Hilbert have
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beea oontiniied by Blasobke, Thomson, Beidemeister, Buth Moufi^
and othem. They found a dose ooxmection between the interseotion

theorems and the theories of groujps and of generalized fields (skew fields,

alternative systems). Steirting mth a general investigation of all geo-

metries satisfying the projective axioms, we follow a path similar to that

in the foundation of the theory of groups by * free groups ’ and * relations \
There exists a ‘ free geometry * to which every geometry is homomorphic*
Every axiom of interseotion furnishes a * relation *. While the topo*
logiod equivalent of a relation in the theory of groups is a circuit, a rela-

tion in the geometry of intersections is represented by a tree. The paper
deals with difierent propositions in * free geometry * and in * geometries
with relations *.

75. On the theory of a non-linear partial differential equation
of the elliptic-parabolic type.

M. Baziuddin Siddiqi, Hyderabad, Deccan.

The occurrence of non-linear difierential equations in modem physical

theories is making it imperative that such equations should be studied
systematically. £i several recent papers the author has developed
Fourier methods for the unique solution of general non-linear equations
of the parabolic and hyperbolic types.

In this paper the method is extended to the non-linear partial

differential equation of the elliptic-parabolic t3rpe :

in the domain 0^^<oo, satisfying the boundary
conditions

:

tt{0, y ; 0 = u(7r, y; Q =: 0 ; u(x, 0 ; #) »=» u{x, w ; «) « 0,

n(x, y: 0) «*/(», y) « 2 <^m,n sin mx sin ny.

m, ft

On the assumption that

2 I n I
(m2-fn2) = C7,

tn, n

it is proved that one and only one regular solution exists which can be
expressed in the form of a double series ;

u{x, y;t)^ 2 ^ ^
m, n

The coefficients Vm, n(t) are determined with the help of a doubly
infinite system of non-nnear integral equations which is solved by the
meiAiod of successive approximations,

76. On a principle of duality in circle, sphere and line

geometries.

A. Nabasikga Bao, Annamalainagar.

Let there be two sets of points (x), (y) in an n-dimensional space S»
with a quadric Qm 2 suppose there

are certain conjugaoy relatLons 2 ^ 6 between point pairs one

belonging to ee^ set. By subjecting all the points of one set {x) to an
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arbitrary collineation C and thoae of the other set (y) to the assooiated

ooUineation PCP where P is the polarity defined by we get two new
sets in which the conjugacy relations with respect to Q are still pre-

served. Since circles, spheres and linear complexes may be represented
by points in Si, and with a quadric A, we may infer from the
existence of any configuration that of a dual configuration usually of a
more general type.

The principle is applied to obtain generalizations of the Miquel-
Clifford theorems in circle geometry, of Schlftfli’s Double-Six, ana of
certain configurations in the geometry of oriented circles and spheres in

77.

Through a railway window.

A. Nakasinga Bao, Annamalainagar.
*

The object of this note is to obtain a mathematical description of
the apparent deformation which any pattern of the landscape appears to

be continuously subject to as seen by a moving observer. Since the
visual separation of two objects is proportional to the angle between their

directions of vision, the apparent shape of any figure may be represented
by its image on the surface of a unit sphere at eye level by central pro-
jection. We have thus a streaming of the image points on the visual
sphere which is completely characterized by the two statements : (i)

that geodesic (great circle) arcs are deformed into geodesic arcs, and (ii)

that any geodesic triangle is always in perspective with itself in any of its

positions, that is, the join of corresponding vertices are concurrent at a
pair of diametrically opposite points while the corresponding sides meet
on a fixed geodesic. The divergence and the curl of the stream field on
the spherical surface are calculat/ed and interpreted.

78.

Parallelism and curvature in Biemannian space.

B. N. Sen, Calcutta.

The paper deals with parallel transport of a vector, the parallelism
supposed to bo commutative. The Biemannian curvature at a point,
which is usually expressed in terms of the Levi-Civita parallelism, has been
expressed in terms of a given parallelism.

79.

On the reciprocal linear complexes of the system of linear

complexes obtained from two quaternary quadrics

associated with two linear complexes.

N. Chatterji and P. N. Das Gupta, Calcutta.

Weitzenbock has considered the invariants and covariants of a quater-
nary system of a linear complex and a quadric (‘ Zum System eines linearen
Komplexes und einer Flache zweiter Ordnung,’ Journal fur Math.,
137 (1910), 65-82). From the view-point of a Prepared System Turnbull
has discussed the concomitants of a system of n linear complexes (Froc.
Lond. Math. Soc., Ser. 2, 25, Parts 4 and 5). The authors (Bull. Cal.

Math. Soc., Vol. XXVII, Nos. 3 and 4) have discussed the irreducible
system of invariants and oovariants of two Quaternary Quadrics associated
with two linear complexes. In the present paper the reciprocal lines
of the linear complexes obtained in the irreduoibte list there given with
reference to the basic quadric have been obtained and their associated
geometry has been indicated.
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80. On some properties of (^-derivative of a function and its

relation to the Logarithmic Chord.

S. Mitba and D. N. Sen, Patna.

Taking

rn \
{X’\-(i)F{x-\‘2aL)-\-{x—(i)F{x—2cL)— 2xF(x)

a) m ^ ,

its upper and lower limits of indetermination as a-^0 are 6'*
{

}

and and if these are equal the common value is the

6'-derivative Q\^F{x
)
}

.

The Logarithmic chord of y = F{x) in (a, b) is defined by

y = <l>{x) m A log

where ^(a) = F{a) and <l>(b) = F{b).

Some properties of the derivates are first established. Relations
connecting F{x) with ^(oj) are then obtained in terms of the nature of
the values of these derivates.

81. On Riemann-Stieltje’s integral.

D. N. Sen, Patna.

It is well known that for Stieltje’s integral the property

j
fd4,+

j
^d/=m .m-m .m

holds good. Pollard remarked in Q.J.M., Vol. 49 that for the Modified
Stieltje’s Integral the property may or may not hold good. It is proved
in this paper that it is true for the Modified Stieltje’s Integral as well.

82. On certain functions which are self-reciprocal in the
Hankel-transform.

8. C. Dhab, Nagpur.

A function ^(x) is said to bo self-reciprocal in the Hankel transform,
if

4>{x) =
j

slxtJ2{xt)(l>(t) dt,

0

where J and is called jBt,. If however v — i J, then it reduces to

the Fourier sine or cosine transform. The functions of the latter two
classes are described as and Rc respectively.

Hardy and Titchmarsh were the first to draw attention to such
self-reciprocal functions and to obtain theorems relating to them. After-
wards many workers have written on the subject. In this paper some
Whittaker and other functions which are self-reciprocal have been
investigated.

83* On the sets of transformations which convert a simple

continued fraction into a half-regular one.

A. A. Kbishbaswami Ayyangab, Mysore.

We owe to Lagrange a regular method of converting the negative
partial numerators of a Continued Fraction into positive ones. It is

proposed to study here the converse transformations which convert a
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Simple Continued Fraction into what Perron calls a Half-regular Continued
Fraction.

This paper is a preliminary survey, which envisages completely these

transformations and points out some of their properties. There are

only eight such transformations which fall naturally into three groups

;

(O', Oi. O2 , Os) ;
(P) ; and (JS7i, E^), having respectively the pro-

perty of contracting, preserving and extending the number of terms to

which they are applied.

A detailed exposition of other properties and uses of these transforma-

tions will be given later on. For example, it will be shown that if G
be excepted, the contracting and preserving sets have the faculty of making

the residues numerically less than while the extending set

introduces residues numerically greater than (-s/S— 1)/2. Tietze’s
‘ raschesten Kettenbrftchen * follow in the wake of the former transforma-

tions and include a special variety which generally simulates the Simple
Continued Fraction for quadratic irrationeds. •

84. The differentiation of multiple integrals.

C. Racine, Trichinopoly.

The object of this paper is to propose a formula for the differentiation

of a multiple integral over p-dimensional varieties immersed in an n-

space, when these varieties depend on one parameter. This formula is a
little simpler than the one proposed by Prof. G. Giraud in * Annales do
L’Fcole Normale Sup4rieure ’, 1926, XLIII, pp. 6-25. Its demonstration
is much shorter,

85. On a special net of Quadrics.

B. Ramamukti, Annamalainagar.

The special net of quadrics obtained by taking the polar quadrics

of the points of a plane with respect to a cubic surface has been studied
by Sohur, T5plitz, Dixon and recently by W. L. Edge {Proc, Edin, Math,
Soc, (1936) 185-209). It is well known that such a net arises also in

the same manner from oc* cubic surfaces whose sylvoster pentahedra form
a linecu' oc^ system circumscribed to a twisted cubic R^, The pentahedra
are self-conjugate with respect to the net of quadrics. Conversely, given
a pencil of circumscribed pentahedra of there is a unique net of quadrics
with respect to which they aie self-conjugate. This point of view leads
Edge to the generalization that there is a unique net of quadrics in [n]

with respect to which a pencil of (n-f 2)-hedra circumscribed to a rational

norm curve are self-conjugate. The object of this paper is to furnish a
simple proof of the above generalization by the method of binary apolarity

,

and study the special net in [3] by taking up the point of view of Ed^
and obtain the above results. It is further shown, by making \ise of a
result of the author published in Mathematische AnnaUn, 1935 (582-586)
that the oc^ cubic surfaces correspond in a one—one manner to the points
of a rational normal surface in [9]. This determination of tiie exact
structure enables us to explain the discrepancy between the values 18 of
Tdplitz and the value 14 of Edge, obteuned for the degree of one of the
two parameters in the equation of the oc^ cubic surfaces, and to point
out that the really significant one is neither of the two, but the lowest
value 4, which corresponds to the ' Minimal Abbildung of \

86. A new approach to the calculus.

JoHK Maoudait, Bombay.
Approach to the Caloalaa ia usually ouxnbeied by a pientatuie explana-

tion of fundamental ideas connected with limits. Confhsion is later
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caused by the (essentially superfluous) use of differentials which appear
to contro^ct the precision expressed in the theory of limits.

It is more natural (though probably paradoxical at first sight) to

defer dealing with limits to as late a stage as possible. A full discussion

of the Algebra of Increments gives the learner a chance to appreciate in

an adequate degree the nature of functional variation, at the same time
as he learns the essentials of the manipulative processes of the calculus.

The transition from approxim(S«te equalities to the exact equations obtained
from limits fs then easily made, and the tremendous advantage of this is

apparent.
This method has the great advantage of bringing out the intrinsic

importance of a calculus of increments.

87. The arithmetic of Sridharaoarya.

A. N. Singh, Lucknow.

The present communication announces the discovery of a work

called Pdfiga/iUkUa by the famous Hindu mathematician ^lidharacdrya
who uptil now was believed to have flourished about the middle of the
eighth century A.D. An abridgement of the above work, known as the
Triiatikd, is familiar to historians of mathematics. But the bigger work
could not be found. An examination of the newly found work shows
that ^rldhara wrote before Brahmagupta (628 A.D.). Thus ^ridhara
must have lived in the sixth century and not in the eighth as has been
believed uptil now.

The manuscript contains a commentary on the work, but the author
of this commentajy or the time of its composition cannot be determined
with certainty as the manuscript is mutilated at the end. The import-
ance of this discovery to historians of mathematics is great as a close

study of the manuscript is expected to throw new light on many obscure
problems relating to the history and development of mathematics in

India.

88. On the distribution of Fisher’s taxonomic coefficient.

P. C. Mahalanobis, R. 0. Bose, and S. N. Roy, Calcutta.

In a paper published lately in the Annals of Eugenios (Vol. VII,
Part II, September 1936, pp. 178-188) under the title

* The Use of
Mifltiple Measurements in Taxonomic Problems * R. A, Fisher has obtained
by the principle of maximization a certain expression based on sample
readings, which he calls the taxonomic coefficient whose object is to test,

on the hypothesis of a multivariate normal population, whether two sam-
ples can be reasonably supposed to have been drawn from two populations

with the same means, it l^ing known or assumed that the two popula-

tions have the same variances and co-variances. By certain general

arguments and formal analogies with partial regression Fisher makes the

distribution of this coefficient depend on his s-distribution, and then
proceeds to numerical applications. The present paper makes use of

hyperspace geometry and the rectangular co-ordinates developed earlier

by the authors (* Normalization of Variates and the Use of Rectangular
Co-ordinates in the Theory of Sampling Distributions * SankhyA, Vol. 3,

Part 1, 1937, pp. 1-40) to derive in fuU the sampling distribution of this

coefficient, ft is shown in conclusion that this is in entire agreement with

the distribution supposed to be behind Fisher’s numerical applications

but not expUoitly given in the Annals of Eugenios paper. The distribu-

tion of the coefficient, when the hypothesis tested is not true, is being

worked out.
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89. On the distribution of the means of a certain Bessel func-

tion distribution.

E. C. Bose, Calcutta.

S. Bose has made a critical study of the followiag Bessel function

distribution :

—

J{x) dx^ x”^^^ /« (gs/S) dx,

where

0 =s and g^O, a^O, m> — 1.

This distribution first arose in a specialized form in connection with

the researches of the present author on the exact distribution of the D^-

statistics. In the present paper the distribution of the mean, of a random
sample of n, from this population is found. It comes out as

<?("*«+« i(nq^)dB.
where

Hence the distribution of the mean is of the same type as the mother
population. Since the type III distribution is a special case of the dis-

tribution investigated here, Irwin’s distribution of the mean of a random
sample of n from a type III population follows as a corollary.

90. On a new type of Bessel function distribution.

S, S. Bose, Calcutta.

The properties of the following Bessel function distribution :

—

df{y) = const. ynl2 ,e , I„(hJy) dy

EH a graduating frequency curve ha\'o l)oon investigated. The moments
of the equation have boon calculatod and its region in the P1 --P2 plane
indicated. Some well-known distributions have boeii deduced from it as
sfTeoial cases and finally, the actual method of fitting a curve hew* been
illustrated as an examplo.

91. A geometrical note on the use of rectangular co-ordinates

in the theory of sampling distributions connected with a
multi-variate normal population.

S. N. Eoy, Calcutta.

If in a space of any number of dimensions w, p vectors are given

(/ — 1, 2, .... p and p^n) and if the scalar products of any two of them is

a-jii — 1, 2, . . .
. p ; y = 1, 2, . . .

.

p) then it is easily seen that the

minor of in the determinant
|
a^j

j

is the scalar product in the space

(«!, a2 * • • .ap) of area formed by vectors (ai, 02 , . . .
, y l»

• • • ®p)

and area formed by vectors (aj, 02 , • • • ap), and the

minor of a - in
| |

divided by determinant is equed to cos
(

g^. . q,

whore B.^ = angle between the above hyperplanes and g^- and g. are per-

pendiculars from the ends of and a- on (a^, a2» • • • and
(«], a2 , . . . a y aj^y

. . . op). In a paper published in Sankhya (Vol. 3,

Part 1, 1937, pp. 1-40), under the title ‘ Normalization of Statistical
Variates and the Use ofRectangular Co-ordinates in the Theory of Sampling
Distributions ’, by P. C. Mahalanobis, R. C. Bose and S. N. Roy, while
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many results followed from the use of hyperspaoe geometry, several
important derivations involved the processes of algebraic induction which
were not fully carried through in that paper. The present note replaces
the algebraic induction of that paper by pure hyperspace geometry and
thereby (i) connects the matrix of rectangular co-ordinates for

the sample with the sample dispersion matrix
|| || , (ii) shows how the

fundamental quadric (9.9, p. 16 of the Sankhya paper) is reduced to the
sum of squares by the transformation (11.6, p. 20), and (iii) derives ^-’s

in terms of (11.6, p. 20) giving incidentally a very simple geometrical

interpretation of the coefficients of l-*s when are expressed in terms

of i-’s, and also of other algebraic expressions occurring in that paper.

92. The median versus the mean or any other statistic in

tests of significance.

S. E. Savub, Poona.

It is shown in this paper that a general test of significance, that is a
test of significance which is applicable to all cases irrespective of the
frequency distributions, is better than a special' significance test, that
is a test which is accurate only for a particular frequency distribution or
distributions. Of all the general tests that can be visualized at present
the if test is the simplest. It is also simpler than the existing special

tests. Hence the suggestion is made that the if test may be used more

and more widely in place of the existing tests.

93. The performance test.

S. E. Savub, Poona.

The principle of the performance test is quite general. In this paper
some of the applications of the test are given.

94. On Fisher’s combinatorial methods giving moments and
cumulants of the distributions of A^-statistics.

P. V. SuKHATMB, Cawnpore.

The origin of Fisher^s combinatorial method of evaluating any single

term in a cumulant of the distribution of Ar-statistics is discussed. It is

shown that his method is a natural combination of the algebraic processes

into a single operation. A parallel combinatorial method of evaluating
the coefficient of the moment term in the moment of the distribution of
powers and products of any A;’s is also given.

95. The Ogive.

N. SuNDAEA Eama Sastby, Madras.

From the properties of the Ogive curve of any frequency distribution

of * Pearson's types ’ with high contabct at both ends, an empirical formula

is derived to give the equation of the curve. From this equation, the

methods of obtaining the mode, median and quartils are described.

96. On the distribution of x* in samples of the Poisson series.

P. V. SxjKHATJJB, Cawnpore.

Experimental evidence regarding the lower limit of the parcuneter

at or above which the samples of the Poisson series follows the

Ordinary Pearsonian distribution is obtained. It is found that when
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the parameter has a viJue laiger than one and the sample size is not too

small, the theoretical distribution of x* is sufficiently closely realized for

all practical piirposes. It is also found that the approximation improvea
as the sample size increases. It is, however, emphasized that the approxi-

mation is theoretically independent of the sample size, the presence of

the feature being due to the limited number of different values which the

assumes when the sample values are all integers and the size and the

parameter are small.

97 . On Eisher and Behrens* test of significance for the difference

in means of two normal samples.

P. V. SuKHATMB, Cawnpore.

The method of tabulating the 6 per cent, values of Fisher and Behrens^
d' tost of significance for the difference in means of two normal samples
is discussed and in particular the 6 per cent, values of the quantify d'

for equal values of and are tabulated. It is found that although
for ni == n2 = 1 the d' 5 per cent, value is larger when the variances of the
sample means are equal than when they are unequal, this is not true when
m ^2 ~ 5 or larger. Bartlett’s expectation based on his distribution

of d' for small odd values of ni and nz is thus shown to be falsified.

The test is also compared with Smith’s approximation and student’s
<-test in common use.

A table is provided giving values of the ordinates of student’s f-ourve

for the sequence 10, 12, 15, 20, 30, 60 . . . oo and the nine values less

than 10.

98 Remark on a conjecture of Sylvester.

S. Chowla, Lahore.

It is proved that Sylvester’s conjecture that

1

where ^(n) is Euler’s totient function, and a; is a positive integer, is false

for infinitely many positive integers x.
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1,

An improved method of hydrogen estimation in gas
analysis.

H. N. Banerjea, Bombay.

The difiticulties in correctly estimating hydrogen in the presence of
hydrocarbon gases by the fractional combustion method in the Lunge
Orsat gas analysis apparatus have been overcome.

Amongst the various substances examined for the purpose, dini-

trosoresorcinol gave satisfactory results. Of palladium, platinum and
nickel catalysts with dinitrosoresorcinol, nickel catalyst supported on
Kieselguhr was found to meet the requirements.

Tho method of preparing the catalyst is given and the experimental
details of carrying out the determination reported.

2.

Sulphur iodide.

M. R. Aswathnarayana Rao, Bangalore.

The existence of sulphur iodide has been a matter of controversy.
Experimental evidence presented in this paper tends to show that sulphur
iodide, though highly unstable, can exist for a time in carbon tetrachloride

solutions. A dilute solution of sulphur chloride in carbon tetrachloride,

when treated with dry potassium iodide at 0®C., gives a yellow solution of
sulphur iodide, which, on keeping, decomposes to produce iodine and
free sulphur. The iodine liberated is a qantitative measure of sulphur
chloride present and iodometrio titration can be employed to estimate
accurately the sulphur chloride. The absorption spectra of the yellow
solution have been studied and support the view that sulphur iodide has
been formed by the above reaction. An increase of temperature hastens
the decomposition of the iodide.

3.

(institution of iodic acid.

M. R. Nayar, L. N. Srivastava, and A. B. Sen, Lucknow.

Iodic acid in aqueous solution has been shown to be polymerised,

the polymerisation depending upon the concentration (Proc. Ind. Sci.

Cong., 1937). In order to fhid out at what concentration a change in

constitution, if any, takes place a number of physical properties were

studied end their graphs compared. The following mixture law equation

was employed

:

jPsoln “ (l““®)-PH0Jvent (®)-PHolute»

where P denotes the physical property like density, viscosity, surface

tension, parachor, refractive index, etc. and (a?) and the mol
fractions of the solute and solvent, respectively. Psolute is plotted

( 35 )
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against concentration* There is a remarkable similarity in the behaviour
of various graphs^ all showing definite breaks in the curves at two points

corresponding to concentrations 0*1N and 0*04N.
When the degree of dissociation is determined by the conductivity

method {ol ^ AujA^) and plotted against log concn. a straight line

graph is obtained with horizontal steps at 0*08N and 0*046N in very
good agreement with the other graphs.

The dissociation curves were obtained for two temperatures 30^

and 40®. While the degree of dissociation of the acid at 80° is 91% for

0*01N and 38% for 1-ON, the values at 40° for the same solutions are

92% and 37%, that is 1% higher for the dilute solution and 1% lower
for the concentrated solution.

These observations are in conformity with the explanation offered

previously, viz. the equilibrium :

l/3(HI08)35il/2(HI08)2?±HI08

H+IOg.

4. Decomposition of chromates at high temperatures, Part I.

The decomposition of calcium chromate.

V. T. Athavale and S. K. K. Jatkab, Bangalore.

The dissociation pressure curve of calcium chromate was studied and
shows thi-ee stepouts in the curve at 800°, 860° and 920° corresponding
with 60, 66*6 and 75 per cent, decomposition. The products corresponding

to these stages and which resisted further decomposition at the tempera-
tures of the experiments had the following compositions, viz. 8CaO.
4Cr08.2Cr208 ; 3Ca0.Cr08.Cr208 ; 8CaO.2008.30208. All these dis-

solve partly in acids leaving an insoluble residue which was identified as

calcium chromate. The composition of the acid soluble portions was
8Ca0.4008.Cr208 ; 9CaO.4OO8.O2O8 and 17Ca0.6Cr08.2Cr208
respectively. The heats of decomposition of calcium chromate and the
various intermediate compounds were calculated by the Nemst equation
and wore 54‘3, 56‘3, 63*0 and 74*0 calories for 50, 66‘3, 75 and 100%
decomposition respectively.

5. Decomposition of chromates at high temperatures, Part II.

The decomposition of mixtures of calcium chromate with
calcium carbonate.

V. T. Athavale and S. K. K. Jatkar, Bangalore.

The decomposition was studied by mixing the chromate and carbonate
in the required proportion. It was noticed that so far as the equilibrium
between Cr08 and Cr208 is concerned there are only two stages in the
decomposition corresponding to 33*3 and 40 per cent, decomposition. It
was found that at any particular temperature the amount of the acid
insoluble portion, i.e, calcium chromite from the decomposed product
decreases linearly with an increase in the amount of lime added while
the amount of the acid soluble portion without any change in its composi-
tion correspondingly increases. When the amount of CaO added is

sufficient to convert all the Or into the intermediate compound no acid
insoluble residue is left. A supplementary fact is that if, instead of the
addition of CaO, chromic oxi^ is codded to the chromate in quantities
sufficient to form the chromite, no acid soluble portion but only the insolu-
ble chromite is obtained.

The study therefore reveals that the three intermediate compounds
formed in the decomposition are (1) 8Ca0.4Cr08.0r208, (2) 90a0.
4Cr08.Cr203 which correspond to 33*3 per cent, decomposition and
17Ca0.6Cr08.2Cr208 corresponding to 40 per cent, decomposition, the
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50, 66*6 and 75 per cent, products for plain chromate being shown to be
mixtures of these compounds in order and calcium chromite.

6. Decomposition of chromates at high temperatures,

Part III. The decomposition of strontium chromate.

V. T, Athavale and S. K. K. Jatkar, Bangalore.

The vapour pressure curve of strontium chromate (m.p. with decom>
position 1160°) up to 1400° was studied. Strontium chromate like calcium
chromate shows three breaks in the curve at 945°, 1125° and 1255° which
cbrrespond to 50, 66*6 and 75 per cent, decomposition res^ctively.

The products of decomposition dissolve partly in acetic acid, the part
insoluble in acid being chromic oxide for the 50 per cent, product and
strontium chromite for the two other stages. The acid soluble portion
had the same composition as in the case of calcium chromates, viz. 8SrO.
4Cr08,Cr208 ; 9Sr0.4Cr08.Cr208 and 17Sr0.6Cr08.2Cr208 respectively.

The corresponding heats of decomposition were 64*0, 78*0 and 88*2

calories for the 60, 66*6 and 75 per cent, decomposition respectively.

7. Decomposition of chromates at high temperatures, Part IV.

The decomposition of mixtures of strontium chromate
and strontium carbonate.

V. T. Athavale and S, K. K. Jatkar, Bangalore.

A study of the decomposition of these mixtures supported the results

obtained with calcium salts. The 60% decomposition product fof. plain

strontium chromate is shown to be a mixture 8Sr0.4Cr08.Cr808 and
Cr203 , while the 66*6 and 76% decomposition products are shown to be
mixtures of the strontium chromite and 9Sr0.4Cr08.Cr208 and 17SrO.
6Cr08.Cr203 , respectively.

A curious fact about the decomposition of these mixtures is that
while pure strontium chromate begins to dissociate at 925° and pure
strontium carbonate at 775° a mixture of the two begins to dissociate

at 600° only. All the mixtures have got definite decomposition pressures

at a particular temperature. Analysis of the gas phase shows that oxygen
and carbon dioxide are in such proportions that only as much strontium
carbonate is decomposed as is necessary for the formation of the inter-

mediate compound.

8. Decomposition of chromates at high temperatures, Part V.

The decomposition of barium chromate.

V. T. Athavale and 8. K. K. Jatkar, Bangalore.

The dissociation pressure of barium chromate has been measured.
The decomposition of chromate in vacuo at 1265° showed 50 per cent,

decomposition. The 60 per cent, stage had practically no vapour pressure
even up to 1420°. The behaviour of the 60 per cent, stage towards acid

was exactly the same as for strontium chromate. The heat of decomposi-
tion of barium chromate into the compound corresponding to the first

stage was 76*0 calories.

9. Decomposition of chromates at high temperatures. Part VI.

The decomposition of mixtures of barium chromate

with barium carbonate.

V. T. Athavale and S. K. K. Jatkar, Bangalore.

A study of the decomposition of these mixtures gave the same results

as in the case of calcium and strontium salts.
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The reaction between the chromate and carbonate is found to be
more easy than in the case of strontium. The mixtures begin to dissociate

at 740° while the dissociation temperatures for pure chromate and car-

bonate are 1200° and 1000° respectively. All mixtures have got definite

vapour pressure at a particular temperature while the analyeia of the

gas phase confirmed the results given in Part IV. The intensity of the

reaction between the chromate and carbonate increases in the order

:

calcium, strontium and barium.

10. New compounds of gallium, Part 111.

P. Neogt and S. K. Nandi, Calcutta.

Gallium chlorate, brornate, iodate, basic iodate, phosphate, propionate,

butyrate, maleate. furaarate, citraconate, mesaconate, silicate, molybdate
and tungstate have been prepared.

11. New compounds of gallium, Part IV.

P. Neogi and N. K. Dutt, Calcutta.

Double oxalates of gallium with sodium, potassium and ammonium
have been prepared. Attempts are being made to resolve them into

optical isomers.

12. Experiments to resolve co-ordinated inorganic compounds
into optical isomers, Part III. Co-ordinated compounds
of zinc with active and racemic propylenediamine.

P. Neogi and K. L. Manual, Calcutta.

Fifteen new compounds of tri-propylenediamine (r-, d- and 1-) with
zinc salts have been obtained and the rotations of the active varieties

have been measured.

13. Experiments to resolve co-ordinated inorganic compounds
into optical isomers, Part IV. Co-ordinated aluminium
compounds.

P. Neogi and N. K. Dutt, Calcutta.

Wohl has succeeded in resolving the ammonium alumiixium oxalate
but obtained the d- variety only. We have, however, been able to obtain
the U variety also in solution. The potassium compound has also been
resolved, the d- compound being obtained in the solid condition and the
/• variety in solution.

14. Fluoberyllates and their analogy with sulphates

—

fiuoberyllates of metal-ammine complexes.

N. N. Ray, Rajshahi.

In previous communications {Z, anorg, u, allg, Ohem., 201, 289, 1931 ;

205, 267, 1932; 206, 209, 1932; 227, 32, 103, 1936), it has been shown
that the fiuoberyllate ion is analogous to the sulphate ion. Several simple
and double fiuoberyllates, isomorphous with the corresponding simple
and double sulphates, have already been studied. In the present com-
munication complex compoimds containing the fiuoberyllate ion are
described. The following metalammine complexes have been prepared :

—

Tetrammino silver fiuoberyllate (anhydrous), tetrammino silver
fiuoberyllate dihydrate, tetrammino cupric fiuoberyllate monohydrate,
dianunino cupric fiuoberyllate, tetrammino zinc fiuoberyllate, tetrammino
cadmium fiuoberyllate, hexommino nickel fiuoberyllate, diammino nickel
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fluobe^llate, hexanunino cobaltio fluoberyllate trihydrate, hexammino
oobajtio ohlorofluoberyllate and hexammino nickel fluobeiyllate potassium
iodide.

These are analogous to the corresponding metal ammine sulphates.
16.

Complex compounds of biguanid with tervalent metals.

Chromium-biguanid bases and their salts, Part II.

P. R. Ray and H. B. Saha, Calcutta.

In continuation of our previous work (Paurt I, communicated to the
Journal of the Indian Chemical Society) on clnomiiun tribiguanid bases and
its salts, we have now found that the latter imdergo gradual hydrolysis
giving rise to a new series of complex compounds with elimination of
one molecule of biguanid. The base and a number of salts of this series

have been prepared and their properties studied. The constitution of
the complex, forming this new series, is represented by a bivalent hydroxo-
aquo*ohromium-dibiguanid ion, the hydroxo- and the aquo>group occupy*
ing cis-positions in tho complex. Incidentally, a strange property of the
aged solutions of chloride and bromide of this series in holding the silver

halides in colloidal solution has been noticed.

16. Complex compounds of biguanid with tervalent metals.

Chromium-biguanid bases and their salts, Part III.

P. R. Ray and N. N. Ghosh, Calcutta.

It hae been shown in Part I of this series (communicated to the
Journal of the Indian Chemical Society) that biguanid combines with
chromium salts to form complexes of hexammine type—chromium tri-

biguanid base and its salts. A similar series of compounds has now been
obtained with a substituted biguanid like phenylbiguanid. The prepara-
tion and properties of this chromium tri-phenylbiguanid base and salts

form the subject matter of the present paper.

Physical Chemistry

1 7 . Resonance and molecular structure
.

(A discourse
.

)

J. E, Lenard Jones, Cambridge.

18. Photosynthesis of carbohydrates in vitro. (A discourse.)

E. C. C. Baly, Liverpool.

19. A proposed general theory for the molecular structure of

the polyhalides of the alkali metals, hydrogen and
ammonia from the standpoint of the electronic con-

figuration.

R. R. Gorby, Benares.

The formulsB suggested by Sidgwick and others for the structure of
polyhalides postulate, in the main, a central halogen atom with 10 or 12

electrons functioning covalently. It has been shown that this assump-
tion leads to certain deductions not warranted by facts. The covalent

structure for the interhalogen compounds and the similcudty in the struc-

tures of the interhalogen compounds and the polyhalides as assumed by
previous workers has been shown to be inadmissible.
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Definite evidence has been given from which the existence of a sextet

in a halogen molecule like I2 and Brt can be reasonably assumed. The
possible consequences of a nuclear sextet in the interhalogen compotmds
and the completion of the sextet to a more stable octet, by means of
co-ordinate linkages, in the molecule of a polyhalide have been worked
out.

This has been found to be in fuller agreement with the chemical and

ffi
cal behaviour of the interhalogen compounds as well as the poly-

ps. Further, on these assumptions the postulation of the inertness

of a pair of electrons as proposed by Sidgwiok becomes unnecessary.

20.

The specific resistance of metals subjected to tension and
torsion.

G, Ramabao, Bangalore.

An attempt is made to study the influence of tensile and torsidnal

forces on the specific resistance of metals. This paper deals with the
effect of these forces on the specific resistance of mild steel. The tensile

force is applied to a standard test piece on a Buckton testing machine.
It was found that the specific resistance decreased. Torsional forces

were foimd to have no effect on the specific resistance. The micro struc-

ture of the test piece before and after tension revealed certain interesting

features.

21.

An X-ray investigation of the crystals of 0 - and p-benzo*
toludides.

Mata Prasad and A. B. Khan, Bombay.

(1) The crystals of o-benzotoludide belong to the rhombic bipyramidal
class and crystallographic measurements give the axial ratio, a : 6 : c »
2-8607 ; 1 ; 1-0815 (cf. Groth V, p. 166).

The crystals woie studied by the rotation methods and the following
values were found for the lengths of the axes.

26-116 A, 6 = 9-117 A, c = 9-870 A

which give o : 6 : c = 2*8645 : 1 : 1-0826. The planes {okl), {hho) and
{kol) are halved when A*, h and 1, respectively are odd. The crystfids

belong to the space group and the unit cell contains 8 molecules

which are asymmetric.

(2) The crystals of p-bonzotoludide belong to the rhombic class and
the axial ratio, a : b :c ~ 1-8469 : 1 : 0-2810 (cf. Groth V, p. 165).

The X-ray photographs give a = 30-54 A ; 6 = 8-24 A ; c = 9-246 A
and o ; 6 ; c = 3-707 : 1 : 1-122.

This shows that the a-axis is doubled and the c-axis is quadrupled.
The planes {hoi) are halved when I is odd and {hko) halved when h is

odd. The crystals belong to the space group and the unit cell con-

tains 8 asymmetric molecules.

22.

An X-ray investigation of the crystals of ^-nitraniline,

^-nitrotoluene and 1 : 8-dinitro naphthalene.

Mata Prasad and R. N. Merchant, Bombay.
The crystals of p-nitraniline belong to the monoclinic prismatic class

and the axial ratio is

a : 5 : c = 2-6198 ; I ; 1-4216

(cf. Groth IV, p. 181).
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Tho X-ray photographs give

a « 16*31 A j 6 = 6 085 A ; c == 8*833 A
and aibio^ 2*516 : 1 : 1*419.

The crystals of p-nitrotoluene belong to the rhombic bipyramidal
class and the axial ratio is

a : 6 : c 0*9111 s 1 : 1*1097 (of. Groth).

The X-ray photographs give

a = 6*409 A ; 6 = 15*40 A ; c = 14*096 A
and o ; 6 : c == 1(0*9094) : 1 : 1*106.

The imit cell contains 8 molecules.

The crystals of 1 : 8 dinitro naphthalene belong to the rhombic bi-

pyramidal class. The axial ratio is

o : 6 : c = 0*3599 : 1 : 0*7527 (cf. Groth V, p. 372).

The X-ray photographs give

a = 5*390 A ; 6 = 14*99 A : c = 11*35 A
and a:b:c^ 0*3595 : 1 : 0*7571.

The until cell contains 4 molecules.

23. Absorption spectra and magneto-optical rotation of liquid

mixtures.

P. L. Kapur and M. R. Verma, Lahore.

Absorption spectra and the magneto-optical rotation of binary liijuid

mixtures comprising both polar and non-polar constituents have been
measured. The results are discussed from the point of view of dipole
association and molecular compound formation.

24. Magnetic susceptibility and particle size.

S. S. Bhatnagar, M. R. Verma, and P. N. L)hib, Lahore.

The magnetic susceptibility of various grades of chemically pure
powders of white tin down to about 0*5 has been measured and found to
be constant. These results are in line with the previous observations
reported from this laboratory for Bi, Sb, Pb, Cu, S and Te.

25. Diamagnetic susceptibilities of mercury in various states

of combination.

S. 8. Bhatnagar, M. B, Nevgi, and G. L. Ohri, Lahore.

In this communication the diamagnetic susceptibility constants of
mercury in different states of linkage have been critically examined. Data
for inorganic, organic and semi -organic mercuric compounds, mercurous
inorganic compounds, double salts of mercury and mercury salts in the

dissolved state have been given. Tho specific and atomic susceptibilities

of mercury are almost the same as obtained by Vogt, Bates and Tai.

The susceptibility constants for mercury in the divalent state from
inorganic compounds lie between —46*0 X 10 • and —48*0x10 ® while

those from the true organic compounds come out to be — 36*0x 10 ® to
— 37*0 X 10 ®. The susceptibility constants from semi-organic compounds
lie in between the two values mentioned above. The difference has been
explained on the assumption of the difference in the degree of dissociation

causing the deformation in the ions to a different extent. The mercurous
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compounds are all diamagnetic. The constants for mercurous mercury
are (51-6)2 X 10- ® — (53-6)2 X 10- ®. The molecular diamagiietio

susceptibilities of mercury double salts are slightly higher than the sum
of the constitutive simple salts. This increment has been explained on
the co-ordinate linkage. The specific susceptibilities of mercury salts in

pyridine are rather low when compared with those in the solid state. This
abnormal behaviour has boon explained on the complex formation in

organic solvents such as pyridine.

26. Diamagnetism of colloidal electrolytes.

M. B. Nevgi, Lahore.

The object of the present investigation is to study the constitution

of the colloidal electrolytes by investigating the diamagnetic susceptibi-

lities of some potassium and sodium salts of tho fatty acids in the solid

state. From the results obtained it appears that there is a substantial
agreement between the theoretical and experimental diamagnetic molecular
susceptibilities of sodium and potassium salts of the lower fatty acids as
tlie general expression

:

holds good, these compounds l)eing strong electrolytes. However, no
such agreement is seen in the case of the salts of the higher fatty acids.

The experimental diamagnetic susceptibilities of these salts are decidedly
lower than the theoretical values. This anomalous behaviour has been
attributed to the micelle formation, low electrical conductivity and degree
of dissociation which may be deforming the ionic radii owing to the limita-

tion of the effective spread of the electron density distribution on which
diamagnetism mainly depends.

27. Diamagnetic susceptibilities of some inorganic liquid

compounds.

M. B. Nevgi, Lahore.

The specific and molecular susceptibilities of some inorganic liquid
compounds such as SCI2, S2CI2, SOClg, SO2CI2, SO3HCI, SiC^, SiBr4, ICl
and POCI3 have been determined during this investigation. While finding
out the diamagnetic susceptibility constants from them only Pascal’s
atomic diamagnetic values have been used as tho compounds exist mostly
in the covalent state. The various susceptibility constants are as
follows :

—

Sulphur in the divalent state — 9*0x10 ®

Sulphur in the tetravalent state — 6-8 X 10
' ®

-6*6 XlO"*

Silicon in the tetravalent state —4*2x lO""®

-3-6x10®

Iodine in the positive monovalent state —3*7xl0~®

Phosphorus in the pentavalent state —3*3 X 10"®

Thei-e is a substantial agreement between tlie theoretical and experi-
mental diamagnetic susceptibility constants of the above elements in
various states.
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28. Diamagnetic susceptibilities of formic and acetic acid

solutions.

V. Nehra and M. Qureshj, Hyderabad (Deccan).

The diamagnetic susceptibilities of solutions of formic and acetic

acid over a wide range of concentrations between 0% and 100% have
been determined by Gouy’s method. The accuracy of the measurements
is about 0*5%. The results indicate definite departures from a linear

change of susceptibility with concentration. The formic acid curve shows
a minimum at about 77% and a maximum at about 30%. The former
has been attributed to the existence of a complex formed by the close

association of highly polar molecules of formic acid and water. The
latter cannot be attributed solely to the depol3rmerisation of water mole-
cules. The cause of it must be looked for in some kind of change taking
place in the structure of the formate ion.

The acetic acid curve follows a linear course except for a single

minimum at 77%, corresponding to the composition, CH3COOH, H2O.
The existence of a monohydrate of acetic acid is also indicated by other
physico-chemical data, such as those ot vis(*osity, density and Raman
effect.

29. The jpH of aqueous solutions containing boric acid and
hydroxylic; substances.

8. M. Mehta and (Miss) K. V. Kantak, Bombay.
The hydrogen ion concentration of aqueous solutions containing

boric acid and a hydroxylic substance such as mannitol, orythritol, glucose,

galactose, maltose, maimose, tartanc acid, citric acid and others was
measured at 30°C. using the quinhydrono method in conjunction with the
electrometer triode circuit described by Mehta (J. Univ, Bom,, 1936,

6(2), 77). The concentrations varied between 0'2M and 0*006M while
the ratio boric acid : hydroxylic substcuice was between 3 : 1 and 1:3.
The pH has been plotted against concentration and against the ratio boric
acid : hydroxylic substance. The results show that the pH-ratio curves
are straight lines in the case of lasvulose, galactose, malic acid, tartaric

acid and oxalic acid while in the case of erythritol, glucose, mannose,
mannitol and p-hydroxybenzoic acid maxima are obtained in the curves
which indicate the possibility of complex formation.

30. Aqueous solutions of sodium aluminates.

(Miss) 0. Joseph and Mata Prasad, Bombay.

Solutions of aluminium hydroxide in sodium hydroxide containing
different ratios of Na20 : AI2O3 have been prepared by different methods
and their electrical conductivities and hydrogen ion concentrations have
been meeuiured. The glass electrode has been employed for the measure-
ment of the H-ion concentration. The results show a discontinuous
variation in both the equivalent conductivity and H-ion concentration
values with the change in the Na2f^ • AI2OJJ ratio.

On keeping solutions of aluminium hydroxide in solution of sodium
hydroxide of various concentrations in vacuum, crystals have been observed
to separate out. These have beon analysed and formulae have been
assigned to them.

31. On an equation for the viscosity of binary systems.

P. B. Ganguly and S. K. Chakrabertty, Patna.

In a previous paper {ZeU, anorg. Chem., 231, 304, 1937) the viscosity

of ideal binary systems has beon sought to be expressed by the formula
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log nhx Ax2 ’\-CU where represents the molar fraction of one of the
components. This equation has been further examined for twelve more
systems and has been found to be applicable. It has been found that the
above expression can bo deduced from Andrade’s equation

rjfvi =s= Ae’^

on the basis of certain assumptions. The assumptions have been dis-

cussed and an attempt has been made to apply the above equation to
the case of non-ideal systems.

32. Vapour phase esterification equilibria.

T. SuBBAMANYA arid S. K. K. Jatkar, Bangalore.

We have studied the equilibria in the catal3rtic esterifioation of acetic

acid by isoamyl alcohol. A limit is reached at about 50 per cent. Con-
version of equimolecular mixture although the actual limit is considerably
higher, owing apparently to the simultaneous establishment of other equi-

libria as in the case of ethyl alcohol and ewjetio acid.

33. Primary and secondary dissociation constants of cis-

and trans-norpinic, pinic, and trans-caronic acids.

C. T. Abichandani and S. K. K. Jatkar, Bangalore.

Electrometric titration of cis- and trans-norpinic acids, pinic acid,

and trans-caronic acid has been carried out for the determmation of the
titration curve and calculation of the first and second dissociation constants
with a view to throw light on the configuration of the acids. A study of
the comparison of the first and second dissociation constants of the homo-
logous straight chain dicarboxylic acids with the corresponding cyclo-

butano dicarboxylic acids has been made which enables the decision in

regard to the cis-trans configuration of the pinic and norpinic acids.

Thus the trans structure of pinic acid has been confirmed. The following
are the values of dissociation constants K\ and K% respectively :

—

(1) Cis-norpinic acid, Ki = l*34x 10 /iC2 — 3*75 x 10 ®,

(2) Trans-norpinic acid, Ki ~ 3*8 X 10 *, = 6*7 X 10 ®,

(3) Pinic acid, JYi == 1«37 X 10 -4, ifg = 6 06 X 10 - ®,

and (4) Trans-caronic acid, Ki = 2*48 X 10 — 7'9x 10 -®.

34. The kinetics of the heterogeneous reaction between chromic
sulphate and manganese dioxide.

Mata Prasad and M. A. Naqvi, Bombay.
Manganese dioxide has been prepared by various methods and its

rate of reaction with chromic sulphate solutions studied at diffemnt
temperatures using (1) particles of different size, (2) different amounts
of manganese dioxide, and (3) different concentrations of chromium sul-

phate solution. It has been observed that the reeuition commences as
soon as chromic sulphate solution is added to manganese dioxide and is

very rapid in the beginning but slows down considerably after some time.

35. The hydrolysis of sulphur chloride at the interface between
carbon tetrachloride and aqueous sodium hydroxide.

B. S. Rao, Bangalore.

Further work on hydrolysis of sulphur chloride is reported (of. B. S.
Rao, Proc, Ind, Sci. Congress, 1931). The hydrolysis of sulphur oUoride
at the interface between carbon tetrachloride and aqueous sodium hydro-
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xide yields free sulphiir in the carbon tetrachloride solution and sulphide,

sulphite, and thiosulphate in the aqueous phase. Disulphur oxide (S2O)
seems to be the primary product of the reaction. This rapidly decom-
poses at the interface giving sulphur in the carbon tetrachloride solution

and sulphur monoxide in the aqueous phase. The sulphur monoxide
readily forms thiosulphate with the alkah. Part of the disulphur oxide
reacts with alkali to give the sulphide and the sulphite of sodium. It is

shown that the sulphur in the carbUn tetrachloride solution and the
thiosulphate in the aqueous solution are not produced by any secondary
reaction between sulpMde ajid sulphite.

36. A possible suppression of hydrolysis of mercuric chloride

in aqueous solution by benzoic acid.

D. N. SoLANKi, Benares.

The results for the specific conductivity of benzoic acid at N/lOO,
N/150 and N/200 in the presence of HgCl2 in the range 0-26N to 0*01878N
at 25°C. show that the above quantity is diminished in the presence of
the latter. This diminution at a given concentration of benzoic acid is

sensible only at larger dilutions of HgCl2 .

The comparison of the reduced (i.e., corrected for the hydrolysis of
HgCl2, the degree of hydrolysis for the dilutions used being extrapolated
from Ley’s data {Z, physikaL Chem., 30, 249, 1899), specific conductivity
of benzoic acid with the actual value in the mixture obtained by difference
shows tliat the common ion effect, arising out of the hydrolysis of HgCl2
is one factor leading to a diminution in specific conductivity of benzoic
acid.

Results for the specific conductivity, corrected for hydrolysis, depart
from those obtained by difference or by the additive law, in the case of
strong solutions of Hg0l2* This discrepancy might arise possibly from the
fact that extrapolation made on the assumption, viz., negligibility of
hydrolysis at very high concentration, is not rigorously accurate, i.e. it

indicates more hydrolysis than what obtains \mder the conditions. The
assumption that a weak acid like benzoic acid would not affect the
conductivity due to a strong electrolyte like NaCl, KCl, etc., however,
does not seem to be strictly true in the case of HgCl2, which agrees with
the fact that HgCl2 stands apart from the strong electrolytes in having
some of the properties of a weak electrolyte. It is likely that
this hydrol3r8is is sensibly suppressed by the presence of benzoic acid.

Simms {J. Phys. Ckem., 33, 745-754, 1929) has shown some evidence for
the possible inactivation of a weak electrolyte in the presence of another.
The divergence from the specific conductivity of benzoic acid deduced
from the additive law, of its conductivity, when corrected for hydrolysis
of HgCl2 is greater the greater the concentration of benzoic acid, which
suggests that since the extrapolation is a common factor, the above
hydrolysis is affected (suppressed) by benzoic acid.

37. Circular dichroism observed in sols of tungstic acid,

vanadic acid and chromic tungstate.

J. C. Ghosh, T. Banerjeb, and S. K. Mfkherjee, Dacca.

Weigert discovered the important fact that light might act as an
orienting force upon colloidal systems in the solid gel form. A photo-
chloride exposed to strong plane polarised light shows photodichroism.
Zooher has shown that similar experiments with circularly i^larisod light

on a thin layer of photochloride produced circularly dichroic spots. We
have prepared sols of tungstic acid, molybdic acid, vanadic acid, uranic
acid, ohroxnic hydroxide and chromic tungstate. The sols have been
matured by exposure to d- or /-circularly polarised light for 8 to 12 hours.
No circular dichroism could be found except in the case of tungstic acid,
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chromic tungstate and vanadic acid sols. In the case of these sols, how-
ever, measurement of the extinction coefficient of d- and Z-ciroularly

polarised light at wavelength 366fAjtt, gave values of anisotropy factor

which are much greater than the limits of experimental error.

The results are given in Table I. It will be seen that the values of

anisotropy factor are of the order of 0*028, which are comparable with the

values obtained by Kuhn for solutions of optically active substances.

The results clearly indicate that in these cases, during the process of the

formation of the particles of the sol, circularly polarised light exercises an

orienting effect resulting in the formation of an aggregate which exhibits

optical anisotropy.

Table I.

Nature of light in Absorption Absorption Anisotropy

Sol used with which the sol was coefficient coefficient factor.

concentration matured for H hrs. in /-circular- in d-circu- a

(C). immediately after ly polarised larly po- Ai-^Ad
mixing the reagents light. larised light. g

or dialysis. (Al) {Ad) i {Ai-\-Ad)

Tungstic acid .

.

/-circularly polarised 6-23 509 + 0*0271

C = 0*012r)M .

.

d-circularly po- 4*91 5*02 -0*0221

H 6 hrs. larised.

Plane polarised 4-83 4*87 -0*0082
IJnpolarised 5-32 6*29 +0*0056
Kept in the dark .

.

6*01 6*001 +0*0001
Vanadic acid .

.

/-circularly po- 5*62 6*46 +0*0289

0 = 0*0026M
larised.

d-circularly po- 5*63 5*56 -0*0054
H = 10 hrs. larised.

Plano polarise<l 6*54 5*62 +0*0036
Unpolarised 6*70 6*67 +0*0053
Kept in the dark .

.

5-7« 6*71 +0*0087
Chromic Tung- d-circularly po- 6-24 6*42 -0*0284

state.

C - 0 02M
larised.

Plane polarised 6*45 6*40 + 0*0077

H = 10 lirs.

Unpolarised 5*97 6*96 +0*0017
Kept in the dark .

.

5*97 6*01 -0*0067

88. Photo-reduction of aqueous solution of ferric* chloride in

tlie presence of aldehydes.

Mata Prasad and C. R, Talradk, Bombay.

The reduction of ferric chloride in the presence of formaldehyde and
acetaldehyde has been studied in visible light of various wavelengths. The
amount of reduction has been estimated by titrating ferrous ions against
a standard solution of ceric sulphate. The effects of varying (1) the con-
centration of ferric chloride and that of aldehydes, (2) the temperature
and (3) the hydrogen ion concentration of systems undergoing photo-
chemical change, have also been examined. The order of the reduction
is unimolecular under all circumstances.

89. Electro-deposition of chromium from potassium, dichromate

baths. Part TV. In presence of fluoride.

S. RAO.and 8. Husain, Hyderabad (Deccan).

Electrolysis of potassium dichromate baths containing 0*1M to 0*2M
potassium-hydrogen fluoride with a low current density at 40®C. gives
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dull white deposits, whereas those obtained from a potassium dichromate
bath are bright. The current efficiency was 4 to 7%.

The presence of hydrogen ions is absolutely essential ; a definite con-
centration of these mvist be maintained at the cathode. Too low or too
high a current density is not favoiirable for chromium deposition.

40. The influence of non -electrolytes on cathode efficiency of

copper deposition.

S. S. JoSHi, D. N. SoLANKi, and T. V. Subha Rag, Benares.

The effect of organic non-electrolytes—ethyl alcohol, methyl alcohoU
acetone and glycerine—on cathodic efficiency of copper was studied
quantitatively by electrolysis of a solution of copper sulphate (13%
CUSO4 , 5H2O), acidified with sulphuric acid (about 4*4%), containing
varying concentrations of the non-electrolyte. A steady current of
50 milli amp. was used for the electrolysis ; the area of the copper cathode
used was 10 sq. cm. The concentration of the non -electrolyte was varied
up to 20% by volume. The cathodic efficiency is found to increase

with the concentration of the non-electrolyte till a limiting value is reacht'd

for the mass of the copper deposited, further addition seems to have almost
no further effect, though in the case of acetone thfere is a tendency for the
value to diminish after the limiting value is reached. Though it is not
clear as to how the addition of alcohols and other non-electrolytes affects

the conditions of the bath, the increase in the mass of the Cu deposited (and
also cathode efficiency) with the concentration of the nonelectrolyte can
be best explained on the assumption that ‘ the alcohol decreases the
concentrations of the copper ions and therefore the solubility of the
copper in copper sulphate solutions, in close accord with tho supposition
of Forester and Siedel (Zeit. anorg. Chem,, 14, 106, 1897).

41. Effect of colloids on the electro-deposition of nickel on
copper.

V. 8. Puri and V. 8. Bhatia, Lahore.

The elecdro-deposition of nickel from nickel sulphate bath on copp<*r’

plates in the presence of prussian blue, silver, ferric oxide and arsenious
sulphide sols has been studied. A dull and very rough deposit is obtained
in the presence of arsenious sulphide while the presence of other sols

yields a comparatively lustrous and smooth deposit. Tho nature and
concentration of the sol seem to affect the nature and amount of deposit.

42. The influence of alternating electric fields on the viscosity
of colloids.

8. 8. JosKi arid G. N. Kadhe, Benares.

In the present work, the transpiration times for pure liquids flowing
through a continuous capillary path of about 6 feet in length and subjected
to alternating electric fields, disposed equatorially to the plane containing
the capillary windings, were determined in an air thermostat under identical

conditions, with and without the field. The viscosity was not sensibly

affected in tlie case of pure liquids and aqueous electrolytes at different

concentrations. A small but reproducible definite diminution was estab-

lished in the case of colloids (different strengths of AS2S8 , Sb2S8 , Mn02 ,

Fe208 and molybdenum blue). The effect was absent with stationary

potentials for all the systems mentioned above ; with A.C., it is more pro-

nounced the greater the frequency of the applied field. The results are

discussed in the light of the micellar charge, size, a postulated relaxation-

time and other quantities partly from the standpoint of Debye-Huckcl’s
theory.
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43. Initiation of the photographic activity in the neighbour-
hood of gases subjected to electric discharge.

S. S. JosHi and P. Kajit, Benares,

The action was investigated by exciting a given gas at a given pressure
in the annular space of a glass ozoniser of the Siemen^s type with the
sensitive film in close vicinity from outside. It was observed that a
minimum critical potential had to be applied to the gas, when alone the
latent image is produced on the film. Detailed data are given for the
variation of this pot potential, called the threshold potenti^ in the case

of air over a wide range of pressures, viz. 0*2 to 30 cm.Hg at two fre-

quencies, of the electrical supply, viz. 50 and 600 cycles per second. The
threshold potential was found to be sensibly a linear function of th& gas
pressure at a constant frequency. In numerous cases of chemical reactions

produced under electrical stimulation as investigated in these* laboratories,

the threshold potential was found to be one of the principal determimMtts
of the change ; the present data suggest the need of extending the above
concept to the occurrence of quasi-chemical reactions.

44. Studies in active nitrogen, part I.

8. S. JosHi and A. Pitrushottam, Benares.

Active nitrogen was obtained with a condensed, series-spark discharge
in a Bayleigh tube actuated by an induction coil. Data are obtained in

regard to the influence of heat from (a) liquid air temperatures to (b)

200“C., (c) ' the wall effect *, (d) the effect of mercury vapour, and of (e)

electrical fields. No sensible change in the intensity of the * after glow *

•occurs on exposures to temperatures in the neighbourhood of (6). There
is first a brightening followed by a quenching of the after glow at liquid

air temperatures for which an explanation is suggested. Contrary to

some views in the literature on the subject (d) and (c) were not found
to be appreciably potent, the latter having been examined with uncon-
taminated materials. It is also observed that under certain conditions a
marked spectral shift comes about in the * after glow * on exposiue to
emissions from a heavy condensed discharge, the latter being optically

screened from the seat of the after glow. This fact, indicative of a possible

utilisability of active nitrogen in a coherer effect, does not appear to have
been recorded hitherto in the already very extensive and rapidly growing
literature on active nitrogen.

45. Behaviour of phosphine under electrical discharge.

S. S. JosHi and R. Krishnan, Benares.

The behaviour of phosphine has been investigated for the spark and
the silent electric discharge over a wide range of gas pressures and applied
voltage. The course of the reaction and nature of the final products
obtained imder these conditions were found to be much more complex
than what obtains in the thermal and the photoohemical reaction. Free
phosphine was not, in general, present after its exposure to the dis-

charge for a reasonable time. Red-green-yellow coloured d^osits and
hydrogen were produced in the last stages, when the velocity of decom-
position * even under intense electric fields became very slow. The solid

residue was fomxd to be sensibly free of phosphorous. It is presumably
a mixture of a number of hydrides of phosphorus, or perhaps of their
adsorption complexes with hydromn as a constituent. This last coifld

be obtained by subjecting the cotoured deposit to the discharge. Th^
release of hydrogen, interestingly enough, Occurred per mlttm, corres-
ponding to a series of synchronous discontinuities on the pressure-time
and current-time curves. Essentially similar coloured products and
discontinuities were obtained when free phosphorous was subjected to
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th® discharge in an atmosphere of hydrogen at low pressures. The
occurrence of any of the above reactions was found to be conditioned by
the ‘ threshold potential

46. The decomposition of nitrous oxide under electric discharge.

S. S. JosHi arid R. R. GoREy, Benares.

It has been observed during the studies on the progress of numerous
chemical and quasi-chemical reactions, that a quantity caUed the ‘ threshold
potential ’ represented the minimum value of the alternating electric

held, which has to be exceeded in order to provoke chemical reactivity in

the ionisation space. In experiments now repoi*ted the above decomposi-
tions were studied sensibly at the ‘ threshold potentials ’. Under these
conditions, as in zero order reactions, the amount of the change was found
to be constant over a wide piessure range, viz. 11 to 50 cm.Hg, the fre-

quency of the electrical supply being kept constant. The progress of a
given decomposition at the ‘ threshold potential ’ showed at least two
stages constituting the total change. During the first stage, which is

comparatively short-lived, the rate of change was high ; in the next stage,

the above quantity got reduced very considerably. A study of the
associated electrical quantities, such as the ionisation current, the energy
dissipated in the reaction apace during the change, etc. has shown the
marked influence of nitrogen peroxide produced as an intermediate product,
by reason of its high electron afiBnity.

Data are also given for the number of mols of N2O decomposed per
faraday under the discharge at different exciting voltages. This quantity
increases with the voltage and then reaches a maximum ; the efficiency

decreases subsequently. Essentially, the remarks apply to the velocity
of the change mider the above conditions. Data are also given for the
influence of temperature from 100®C. low down to the liquid air tempera-
tures.

47. On theories of adsorption indicators.

S. G, Chaudhury and M. K. Indra, Calcutta.

The theories of Fajans and Kolthoff on the mechanism of the action
of adsorption indicators in argentometric titrations have been shown to
be untenable, by measuring the c.v. of the colloidal silver halide particles
with and without tho indicators, oosin, fiuorosoein and methyl violet, under
the exact conditions of titration,

A new theory based on the conception of co-precipitation has been
advanced. The main characteristic of this theory is that for an ideal
titration (i) the solubility of the indicator compound (formed by com-
bination of the indicator ion with either cation or anion as the case might
be) should be equal to the solubility of the precipitate formed as a result
of the reaction between the two precipitants, (ii) the activity of the
indicator (i.e. indicator ion) taken should be equal to the activity of the
anion or cation (as the (!ase might be) in solution present after the pre-
cipitate (colloidal) is formed as a result of the reaction between equivalent
quemtities of the precipitants.

48. On hydrous oxide hydrosols and gels.

A. Ganguli, Chandemagar.

Freshly prepared sols and gels of hydrous oxides are truly amorphous.
These consist of long chain complexes in accordance wi^ the view of th©
author on the amorphous state developed in a previous paper. During
the course of ageing and desiccation amorphous substances gradually
pass to the polycrystalline and finally to the macrocrystalline forms.
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Thixotropy, gelation, high viscosity, swelling of gels and X-ray stmoture
find ready explanation on the above view.

49. Physico-chemical investigations on rice.

B. S. Rao, Bangalore.

From investigations carried out in this laboratory, it is concluded
that rice is to be looked upon a.s a colloidal system intermediate between
lyogel and a xerogel. During the last four weeks before harvestmg of
the paddy, syneresis takes place and water is exuded by rice. Application

of ‘ Moist heat ’ at 60°-65®C. to freshly harvested paddy hastens the
syneresis and promotes the xerogel state and a development of capillary

spaces. Paddy treated in this way can be husked without causing dis-

integration of the rice grains and the rice obtained gives normal values for
‘ swelling ’. Paddy is usually stored for three to six months before being
husked. The physico-chemical changes that take place during this

storage are discussed.

50. Activation of Fuller’s earth.

B. S. Kflkakni and 8. K. K. Jatkar, Bangalore.

Acting on our postulate that the activation of Fuller's earth is due
to the formation of hydrogen zeolite in the body of the earth, we have
studied the effect of electrodialysis and electrolysis on the Fuller’s earth.

From the results so far obtained, it has been noticed that the Fuller’s

earth is activated when subjected to such treatment and that the sodium
contained in the original earth is removed and substituted by hydrogen.
This method will obviate the very expensive method of activation by
hydrochloric acid.

51. Influence of magnetic field on adsorption.

S. 8. Bhatnagar, P. L. Kapur, and P. Shbel, Lahore.

Influence of magnetic field on the adsorption of NiS()4, MnCl2 and
KMn04 by activated carbon has been studied. Increase in adsorption
in the field has been observed in the case of KMn04 whereas decrease has
been observed in the case of NiSO^ and MnCl2» Amount adsorbed in

the magnetic field has been found to be influenced by the field strength as

well. The results are in agreement with the results obtained by Bhatnagar
et nl. for the velocity of reaction in a magnetic field

.

52. Adsorption by precipitates.

N. A. Yajnik, P. L. Kapur, and M. M. Singh, Lahore.

The adsorption of various ions (Fe (CN)""o ; Fe(CN)'"(j ; CN' ; NO's *

CIO'3 ; MnO'4 ; SO''4 ; lO'a » Cl' ; Br' ; I') by the precipitated hydroxides
of copper, bismuth, zinc and magnesium has been studied.

From the results of the present series of investigations, we find the
order of adsorption of various ions expressed in milli-moles per gm. of
the adsorbent is :

(i) For copper hydroxide ;

SO%>ClO'3>NO'g>CN'>Br'>01'>I'>MnO'4>IO'8

(ii) For bismuth hydroxide :

CN'>Cl'>Br'>r>N0'3>I0'8>80%>Mn0'4>Fe(CN)""e>
Fe(CN)'"6
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(iii) For zinc hydroxide :

CN'>SO%>]SrO'8>MnO'4>IO'8>Fe(CN)""6>Cr>Br'>r>
Fe(CN)'''e-

(iv) For magnesium hydroxide :

SO'^4>NO'3>CN'>Fe(CN)'"6>^'e(CN)"'6
In general the order pf the adsorptive power is

Zn{OH)2>Bi(OH)3>Cu(OH)2>Mg(OH)2 .

53. Neutral salt effect on the adsorption of acids by charcoal.

H. K. Acharya and N. K. Ray, Calcutta.

The adsorption by activated sugar charcoal and commercial charcoal
of hydrochloric, benzoic, salicylic, succinic, malic, tartaric, nitrobenzoic,
benzol sulphonic and citric acids from their 0*0IN solutions in absence
and in presence of different concentrations of NaCl and BaCl2 has been
studied. The pH values of the acid solutions before and after adsorption
have been compared and also those of acid solutions having the same
concentration as the end concentraiton of the acids and containing the
salts in the same concentration as used in the adsorption experiments
have been measured.

It has been fomid that the adsorption of the acids increases regularly
with increasing concentration of the salts, NaCl being more e&otive
than BaCl8. The adsorption of the acids in the absence of the salts and
the relative increment in their presence are greater for the commercial
charcoal than those for the sugar charcoal. Tlie relative increment in
adsorption depends, however, on the adsorbability of the acids. The
adsorbability of the acids studied lies in the order : benzoic>salicylic>
succim*c>malic> tartaric> nitrobenzoic> benzosulphonic> citric acid.

The results have been discussed on the basis of the variation of the
pH values of the solutions and also on the neutral salt effects on the
activity, solubility, hydration and surface tension of the acid solutions.

54. On the nature of inter-micellary liquids.

S. K. Chakrabertty, D. N. Ghosh, and P. B. Ganguly, Patna.

Colloidal solutions of silver, copper, arsenic sulphide, aluminium hy-
droxide and vanadium pentoxide were prepared . Each of the solutions was
Altered free from particles by means of a membrane ultra-filter and also
by electro -dialysis. The pH of the original colloids and also of the inter-
micellary liquids obtained by the above processes were carefully measured.
A glass electrode was used, the potential being fed to the grid of a ‘ pleo-
tron ’ space charged tube and measured with the lielp of a Tinsley poten-
tiometer. In another series of experiments small amoimts of acid were
added to the colloid and the pH of the acidified sol and the inter-micellary
liquids were again determined. In every case a small but distinct change
was observed. The results are discussed in the light of previous work
on the subject by Mukherji and by Pauli.

55. ‘ Zonal effect ’ in the variation of opacity during electro-

lytic and mutual coagulations of colloid arsenious sul-

phide and ferric hydroxide.

S. S. JosHi and Krishna Chandra, Benares.

It has been established by the senior author, fri>m viscometric and
opacity measuiemeats, that contrary to the mechanism contemplated by
Smoluchowski in his classical theory for the kinetics of coagulation, this
change is not time-continuous, but proceeds ' zonally *, at any rate in
the 8k>w region. The data in the present paper confirm the above finding
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^mployii^ the method of meaRuring change of opacity for both mono-
chromatic and white light for slow coagulations of the above sols, which
have had perhaps the longest usage in the studies of these phenomena,
the turbidity opacity test being the oldest criterion of the occurrence of
the coag^ation.

56. Ageing of surfaces of solutions III. Effect of concentra-

tion on activated accumulation of solute molecules at

surfaces of solutions.

K. 8. Gttritraja Doss, Bangalore.

The effect of concentration on the rate of activated accumulation
at the surfaces of solutions has been studied. The results indicate (1)

that the solute molecules at the siuface are probably whipping and whirling
about whenever there is free space available, and

(
2 ) that the benzopur-

purin molecules tend to get associated at higher concentrations. *

The significance of certain new features of the surface tension-time
curves of the more dilute solutions has been discussed.

57. Studies on the formation of periodic precipitates—Pbl2
rings in agar and condition of Pbig when precipitated

in presence of agar.

R. B. Dalela and A. C. Chatterji, Lucknow.

Formation of lead iodide rings in agar gel of different brands has
been studied.

The regularity and the prominence of the rings increased as the
concentration of the lead iodide decreased while concentration of the
diffusing electrolyte remained the same.

The distance between two consecutive rings at an equal distance
from the top increased as the concentration of the diffusing electrolyte

was decreased.

Amount of lead iodide present as ions has been calculated at different

concentrations varying from N/500 to N/60 in agar, gelatine and water
(from electric conductivity experiments). A comparison of these results

indicates that the condition in which lead iodide is present in agar and
gelatine when freshly formed so long as the solution is colourless is not
materially different from that in water. In other words agar and gelatine

do not show any indication of possessing any special power of inducing
supersaturation.

The percentage of lead iodide present as ions is slightly greater in

gelatine than in agar. This may be due to the more acidic nature of
gelatine gel (pH 5*f-6*7) than that of the agar gel (pH 6*26).

58. Investigations on stearic acid hydrosols.

S. Mitkherjee, Calcutta.

The interactions of colloidal solutions of stearic acid with bases,

neutral salts and hydrolysable salts have been studied. The titration

curves of the sols with Ca(OH)2 and Ba(OH)2 are similar. After an
initial rise the pH remains unchanged over a range and finally shows a
sudden rise. The total acidity calculated at the inflexion point agrees

with the analytical concentration of the acid. Titration curves with
NaOH resemble that of a weak monobasic acid and the final inflexion

point occurs at the neutralization point. Using NH4OH the final inflexion

does not appear. Calculations of buffer capacity show a departure from
the behaviour of a weak cwjid in true solution.

The hydrogen ion activity of the sol increases on interaction with
BaCl2 and CaCT2 and very slightly with KCl.
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The results have been shown to correspond to the behaviour of a
heterogeneous system. Ba++ or Ca++ ions are adsorbed on the stearate

ions on the surface of the particles to form ion pairs which subsequently
split off and form separate solid phases. The whole of the acid is thus
enabled to react. The particles gradually dissolve on interaction with
NaOH or NH4OH. The special features of the variations in the buffer

index during titration with alkali met with in such systems have been
discussed.

o9. The electrochemical properties of electrodialyaed silicic

acid sols.

B. Chatterjeb, Calcutta.

The changes produced by electrodialysis on the electro-chemical

properties of silicic acid sols, purified by prolonged dialysis, have been
studied. In contrast to the observations of Rabinowitsch and Kargin
(Trans. Faraday Soc., 5/, 1935), the acidic character of silicic acid sols

does not vanish on electrodialysis ; on the contrary the eloctrodialysed

sols, although having lower silica contents, have lower pH values and show
stronger acid character. The titration ciir\?^es of eloctrodialysed sols with
dilute bases have shaiper inflexion points. It lias been shown that the
changes in the nature of the titration curves, brought about by electro-

dialysis, are not due to the effect of dilution. Titration curves of the
electrodialysed sola with NaOH and Ca(OH )2 solutions show points of
inflexion at the same concentrations of added bases but the NaOH curve
is steeper in the corresponding regions than the Ca(OH)2 curve. A con-
siderable amount of acid is liberated by the action of neutral salts on
electrodialysed silicic acid sols, the effects of Ba++ and Ca-t+ being
practically the same. Tho ultrafiltrates of the electrodialysed sols are

practically neutral. It is shown that silicic acid sols do possess acid
character due to mobile hydrogen ions in the double layer associated with
the colloidal particles.

60. Discrepancies between conductivity and activity measure-
ments with colloidal solutions of hydrogen clays.

R. P. Mittra, Calcutta.

Marked discrepancies have been observed between the actual specific

conductivities of colloidal solutions of hydrogon clays and those calculated
from their activity data. Tlie actual conductivity is even less than that
due to the hydrogen ions alone calculated from their activity determined
by electrometric; measurements using glass and hydrogen electrodes in

conjunction with calomel half elements. These hydrogon ions, therefore,

though registering their activity on tho above reversible electrodes, do
not take part in the conduction of electricity in tho usual manner. This
observation shows an anomalous difference between tho conductivity and
activity coefficients,

61. Change in the absorption limit during the electrolytic

coagulation of colloid manganese dioxide.

A. PuRiTSHOTHAM, Benares.

Following a previous observation, we have examined the changes
in the absorption spectrum during the coagulation of colloidal Mn02
with particular reference to the use of mercurous sulphate as a coagulant
and obtained well marked changes in ’the absorption band in the visible.

It was observed that the shift during coagulation occurred, in the meun,
in the short wave region. The absorption limit on the red side was
observed to be sensibly constant during a number of coagulations. Details
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are given for the variation of the range of absorption as a function of the
colloid and coagulant concentrations and like factors*

Organic and Biochemistry

62. A study of the velocity of decomposition of some aliphatic

cyanides.

D. D. (jHarpubb and D. D. Ka.rvb, Poona.

The velocity of the decomposition of acetonitrile, propionitrile,

butyronitrilo, anfl normal and iso-valeronitrile by sulphuric acid at 60®C
has been determined. The proportion of amide and ammonium salt

fonned has been estimated separately and the effect of changes of con-
centration of the acid has also been studied.

63. Velocity of hydrolysis of butyl acetate and iso-amyl

acetate in heterogeneous systems.

V. L. Mehendale and D. D. Karvb, Poona.

The hydrolysis of the above two esters dissolved in xylene and toluene
by aqueous hydrochloric acid has been studied with respect to the effect

of factors like speed of shaking, concentrations of the reacting substances,

etc. The general conclusion reached is that these reactions take place
mainly at the surface of contact, though owing to the liberation of the
butyl and iso-amyl alcohols a slight proportion of the ester dissolves

in the aqueous phase and a homogeneous reaction also takes place simul-
taneously.

64. Velocity of hydrolysis of some aromatic acid chlorides in

heterogeneous systems,

K. K. Dole and D, D. Kakve, Poona.

In continuation of previous work on tho hydrolysis of benzoyl chloride
{Karve emd Dole, Proc. Ind. Sc. Conrj.y 1937) the following acid halides
have been investigated :

o-chloro-, wi-chloro-, o-bromo-, o-ido-, o-nitro- and m-nitrobenzoyl
ehlorides, cinnamoyl chlonde, phthalyl chloride and benzoyl bromide.

The following acid chlorides in which the solid acid separates out as
a third phase have also been studied :

p-chloro-, p-bromo-, p-nitro-, 3*5-dimtro-benzoyl chlorides and
anisoyl chloride.

From a detailed study of these heterogeneous reactions, it has been
concluded that in most of these reactions the heterogeneous part of the
reaction predominates and the homogeneous part, due to the very slight

solubility of the acid chlorides in water, is negligible.

66. Synthesis and resolution of a-ethoxy stearic acid,

(Miss) P. Devi and P. Ramaswami Ayyar, Bangalore.

This substance figuring in the title has been prepared in 80 per cent
yield by the action of sodium ethoxide on a -bromo -stearic acid derived
from natural stearic acid. It melts at 68-69®C and, after resolution by
means of brucine, the dextro-isomer has (a) 25° = +9*7°.

D
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66. Synthesis of aj8-eicosenoic acid.

(Miss) P. Devi and P. Ramaswami Ayyar, Bangalore.

By the action of sodium ethoxide on a-bromo»eiro8anic acid derived
'from natural eicosanic acid, one isomeric form of the above acid (m.p.

64-66°C) is formed in about 16 per cent, yield. The main product is

a-ethoxy-eicosanic acid (m.p. 62-63°C ; ethyl ester m.p. 23-24®C).

67. Relations between chemical activity and absorption in the

ultra-violet of the chloro derivatives of the amides of

malonic acid,

Mme. Ramart, K. G. Naik, and C. M. Mehta, Baroda.

In the present study it is expected to throw some light on the rela-

tionship between the chemical activ’ity of the cliloro derivatives of the
various substituted amides ofmalonic acid, of the type : CI2 : C ; (CONHR)2 ,

CI2 : C : (C0NH2).(C0NHR), and (Cl) (ClCHg) : C : (CONHRlg, where R is

phenyl, tolyl, etc. groups.
The following chloro derivath^es were examined in the ultra-violet

and their absorption spectra were obtained.

(1) Diehloromalon-di-phenylamide, (2) Dichloromalon-di-o-tolyl-
amide, (3) Dichloromalon-di-jp-tolylamide, (4) Dichloromalon-di-m-tolyl-
amide-dichlorido, (5) Dichloromalon-di-l : 3 : 4-xylidide, (6) Dichloro-
malon-di-heptylamide, (7) Dichloromalon-di-benzylamide, (8) Diohloro-
malon-mono -p-tolylamide, (9) Dichloromalon-monochloro-phenylamide,

(10) Chloromethyl chloromalon-di-phenylamide, (11) Chloromethyl chlo-

romalon-di-o-tolylamide, (12) Chloromethyl chloromalon-dl-p-tolylamide.
The results of absorption spectra of the above compounds have been

compared with the absorption spectra measurementB of the compounds
of the type H2 : C ; (CONHR )2 studied by Ramart, Naik and Trivedi
(Bull. Soc. Ghim.. 1934, p. 525).

The comparison of these two corresponding sets of curves shows that
the transformation of methylene group -CH2 - into -CCI2 - group produces
a distinct change in the nature of the curves.

1. The principal band in the methylene compounds is more steep
and narrow and its crest is situated between the frequency 1200 and
1300 ; whereas in the case of the chloro derivatives the band becomes
broad and shallow and the crest of the principal band is situated between
1100 and 1200.

2. The secondary band in the <‘ase of methylene derivatives is feebly
marked and is situated between the frequencies 1000 and 1100. This
secondary band due to the presence of CH2 group has disappeared in the
cliloro derivatives, where the CH2 group is transformed into -CCI2 - group.

3. It is observed that the general absorption increases as we pass
from ortho to para detivatives. The bands of absorption are shiftecf to-

wards the visible region in the following order : Ortho meta para.
4. The curves representing the absorption of dichloromalon-di-

phenylamide and malon-di-phenylamide show a peculiar tendency to
cut the curves representing their tolyl derivatives.

68. The velocity of saponification of the chloro derivatives of

the substituted amides of the malonic acid of the type ;

Cl, : C : (CONHR),, Cl, : C : (CONH,) (CONHR) and
(Cl) (CICH,) : C : (CONHR),, where R is phenyl, tolyl,

etc. groups.

K. G. Naik, R. K. Tbivbdi, and C. M. Mehta, Baroda.

In order to investigate chemical activity of the chloro compounds as
expressed by their velocity of saponihcation, the following compoimds
were selected for study :

—
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(1) Dichloromalon-di-phonylamide, (2) Diohloromalon-di-jo-tolyl*

amide, (3) Dichloromalon-di-m-tolylamide dichloride, (4) Diehloromalon<
di-o-tolylamide, (6) Dichloromalon-di-1 : 3 : 4-xylidide, (6) Dichloromalon-
di-heptylamido, (7) DichloromaJon-di-propylainide, (8) Dichloromalon-
mono-p-tolylamide, (9) Dichloromalon monoohloro phenylamide, (10)

Chloromethyl chloromalon-di-phenylamide, (11) Chloromethyl chloro-

malon-di-p-tolylamide, (12) Chloromethyl chloromalon-di-o-tolylamide.

The above compounds were made to react with standard alcoholic

potash solution and titrated with standard hydrochloric acid at regular

intervals. The results were tabulated in the form of curves representing

the time as abscissa and the percentage of the compound saponified as

ordinate.

In compounds (2), (3) and (4) the augmentation of the velocity of
saponification proceeds as ortho meta para. This could be explained

if we were to assume that in solution the substances exist in a condition

of equilibrium expressed in the following way : KNH. CO.CH : C : (OH)
(NHH) KNH.CO.CHg.C {: NH) (OH) R.NH.CO.CHg.CO.NHR.

The velocity of saponification depends upon the nature of the radical

attached to the saiionifiable imino -NH- grouping. It also depends upon
the position of the methyl group with regard to the saponifiable imino
group.

69. The velocity of reduction of the chlorines substituting

the hydrogens of the reactive methylene group -CH2
-

in the compounds of the type CI2 : C : (CONFiR)2 ,
where

Ti is phenyl, tolyl, etc. groups.

K, G. Naik, R. K. Trivedi, and C. M. Mehta, Baroda.

The velocity of reduction of the chlorine atoms was studied by treating

the following compounds by means of hydriodic acid generated through the
action of HCl on KI (Kurt Meyer, J,C.S.f 1921, 119. 961, 305).

(1) Dichloromalon-di-phenylamide, (2) Dichloromalon -di-p-tolyl-

amide, (3) Dichloromalon-di-m-dichloro-tolylamide, (4) Dichloromalon-di-
o-tolylamide, (5) Dichloromalon-di -1 : 3 : 4-xylidino, (6) Dichloromalon-
di-6*dichloronaphthylamide, (7) Dichloromalon -di-heptylamide, (8)Dichlo-
romalon-di-propylamide, (9) Dichloromalon -di-benzylamide, (10) Dichlo-
romalon-monochlorophenylamide, (11 ) Dichloromalon-mono-p-tolyl-
amido, (12) Chloromethyl chloromalon-di-phenylamide, (13) Chloro-
methyl chloromalon-di-p-tolylamide, (14) Chloromethyl chloromalon-di-
o-tolylamide.

The velocity of reduction of chlorines was represented by obtaining
the curves by plotting the time of heating along the abscissa and the per-
centage reduced along the ordinate. It was observed from the nature of
the curs^es of the above compounds that the velocity of reduction goes on
increasing in series from compoimds (1) to (5). This is attributed to the
nature of the groups attached to the carbonyl groups between which the
CClg complex is situated as well as to the insertion and the position of the
methyl groups in the phenyl nucleus. In each case the velocity of reduc-
tion is considerably lowered when fifty per cent, of the total chlorine is

reduced.
The curves of the compounds (7), (8) and (9) indicate that when the

radicals attached to the carbonyl group carry aliphatic chain the velocity
of reduction is increased. If the chain is shorter the velocity of reduction
is decreased.

The compounds (10) and (11) show a drop in the velocity of reduction
which is due to the presence of only one heavy radical in the complex.

The remarkable decrease in the velocity of reduction of the com-
pounds (12), (13) and (14) is attributed to the presence of the -CICH2*
grouping.
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Interaction of phenylhydrazine with the halogen deriva-

tive of the substituted amides of maloni(; acid.

K. 6. Naik, R. K. Trivedi, and C. M. Mehta, Baroda.

In order to wtiidy the labile nature of the ehlorine atoms substituting
the hydrogens in the reactive methylene group -CH2 *, the interaction of
phenylhydrazine with the compounds mentioned below was investigated.

(1) Diohloromalon-di-phenylamide,
( 2 ) Dichloromalon-di-o*tolyl-

amide, (3) Dichlorornalon-di-p-tolylamide, (4) Dichloromalon-di-1 : 3 ; 4-

xylidide, (5) Dichloromalon-di-^w-dichloro-tolylamide,
(6 ) Dichloromalon-

mono-chlorophonylamide, (7 ) Dicliloromaloii-mono-p-tolylamide^

( 8 )
Chloromethyl chloromalon-di-o-tolylamide, (9) Chloromethyl chloro-

malon-di -p-U )lylamide.
All the above compounds reacted with phenylhydrazine yielding

their respective hydrazone derivatives. The compounds ( 1 ), (2), (3)
and (4) gave rise to the general typo CcH^NIIN : C ; (CONHR)2 , while
compounds (.5) and ( 6 )

reacted with phenylhydrazine yielding the com-
poimds in which the chlorines in the nucleus remained imaffocted.

The compounds (8 )
and (9) reacted with phenylhydrazine in a similar

way giving a three-inemhered ring (N-anilino ethylonimide dicarboxy-
lanilido).

All the above hydrazone compounds are found to he very stable and
resist boiling witli water and alcohol.

71.

The additive reactivity of olefines, Part I. Some pre-

liminary observations on the addition of cyanoacetamide
and maIonic ester to a : unsaturated ketones.

S. V. Anantakrishnan and Chittaranjan Barat, Calcutta.

The influence of substituents on the additive reactivity of the ethylenic
linkage of a : j5 -unsaturated ketones has been discussed in the light of
theories developed by Ingold and co-workers. Tlie ratio of the velocity
constants in tht^ addition re-reaction between such ketones and cyano-
acetamide have been calculated from the yields on the assumption of a
bimolecular reaction and this ‘ reduced velocity ’ lias been used for pur-
poses of comparison.

72.

Action of sodium ac^etate and acetic anhydride on
aryl-glutaconic acids.

G. R, Gogte, Bangalore.

By the action of acetic anhydride and fused sodium acetate, at higher

temperatures, jS-(2-mothoxy-5-methyl-phenyl)-glutaconic acid gives a
compound, m.p. 188° C. (C17H16O0). Tbi« is supposed to be aglutaconyl
acetic acid of the C-acetyl-^-(2-mothoxy-5-methyl-phenyl) -glutaconio

anhydride, m.p. 126°C., as it can be synthesized from the latter by the
action of acetic anhydride and fused sodium aijetate. Further this com-
pound, m.p. 168°C. gives a neutral oil by the action of hydrochloric acid,

which when hydrolysed by caustic alkali, furnished the ketonic acid,

m.p. 101°C. (decomp.) (described in an earlier abstract). By the action of
caustic alkali, this compoimd, m.p. ] 68°C, produced a hydroxy-acid,

m.p. 212°C. (deoomp.) ; a neutral product, m.p. 82°C. and two acids m.p.
177°C. (decomp.) and 170°C.(decomp.). The constitutions of these pro-

ducts are imder investigation.
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73. C-acylation of j3-aryl-glutaconic anhydrides.

G. R. Gogte, Bangalore.

By the action of acetyl chloride and pyridine, ^*(4-methoxy-phenyl)-
glutaconic anhydride (m.p. 160“C) has b^n found to give an acetyl

derivative, m.p. 130®C. The C-acetylation here has been proved by the

transformation of this derivative into a ketoriic acid, m.p. 125®C (decomp.),

which was found identical with the one described by Limaye and Bhave
(«f. Vniv. Bombay, 2, part II, 82). The derivative titrates as a mono-
basic acid (c/. C-acetyl-acetoacetic ester) and gives violet ferric reaction.

j9-(2-methoxy-5-methyl)-phonyl glutaconic anhydride (m.p. 117®C)

gives a similar C-acetyl derivative, m.p. 126®C, from which a ketonic

acid, m.p. 101°C (decomp.), has been isolated. The neutral ketone b.p.

177®/36 mm. obtained by deoarboxylating this ketonic acid, gave, on
oxidation with hypobromite, 2-methoxy-6-methyl-3-methyl-cinnBmic
acid, m.p. 111°C, which again was transformed into 4 : 6-dimethyl
coumarin, m.p. 148-49®C, by the action of concentrated sulphuric acid.

The action of benzoyl chloride and pyridine on j5-aryl-glutaconic

anhydride is under investigation.

74. Halogenation, Part XXII. Chlorination and bromination

of toluene under the combined influence of sunlight and
halogen carriers.

P. S. Vabma, (Mbs.) P. Annapurna S. Rao, and A.

Krishnamurthy, Benares.

Chlorination and bromination of toluene have been carried on
exhaustively in simlight alone or in the dark or in sunlight in presence
of substances such as lithium bromide, beryllium oxide, sodium chloride,

magnesium powder, magnesium bromide, aluminium dust, aluminium
chloride, aluminium-mercury couple, red and yellow phosphorus, phos-
phorus pentachloride, phosphorus trichloride and tribroraide. sulphur,
chromic acid, manganese chloride, potassium permanganate, iron, ferric

chloride and bromide, nickel bromide, cuprous and cupric chloride, finely

divided copper, zinc dust, arsenic trichloride, selenium, bromine, yttrium
nitrate, zirconium nitrate and oxide, molybdic acid, freshly precipitated
silver oxide, antimony and antimony trichloride, iodine, lanthanum
chloride, didanium nitrate, cerium chloride, mercury and red oxide of
mercury, thorium oxide and chloride and uranium nitrate, etc.

On accoimt of their effect on chlorination and bromination, the
above substances can be divided into the following four groups :

—

1. Those that have no effect at all on chlDrination and bromination,
i.e. the products obtained being the same as those obtained in sunlight
alone.

2. Those that facilitate the production of only p-substituted nuclear
compounds with a certain quantity of the side-chain substituted halogen
derivatives.

3. Those that produce both o- and p-substituted nuclear com-
pounds, the p-substituted derivative predominating in some oases and the
o-Bubstituted one in others.

4. Those that induce both o- and p-substituted nuclear derivatives
as well as side-chain substituted ones.

Results obtained in chlorination and bromination are not identical,
there being considerable differences in the nature of the products obtained
in the two cases.
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75. y-Substitution in the resorcinol nucleus, Part II. The
Gattermann reaction on resacetophenone.

H. A. Shah and R. C. Shah, Bombay.
Resacetophenone does not undergo the Gattermann reaction inider

the usual conditions. However, the application of the modified method
of Shah and Laiwalla {Iwl. Sci. Cong. Abst.^ 1937, 24 ; Current Sci., 1936,

197) for the introduction of the aldehyde group in the y-position into

methyl )3-resorcylate, was successful. The Gattermaim reaction thus
oarried out with aluminium chloride dissolved in dry ether as solvent,

gave a high yield of the ketone-aldehyde 2 : 4-dihydroxy-3-aldehydo-
acetophenone (I), the aldehyde group entering the y-position, as in the
case of methyl-jS-resorcylate. Various derivatives oixd related com-
pounds have been prepared from (I). Synthesis of ooumarino-chromones
and similar heterocyclic compounds from (I), which appears to be well

adapted for this purpose, is under progress.
2-acetyl resorcinol by the modified Gattermami reaction gives the

corresponding aldehyde, 2 : 4-dihydroxy-3-acetyl-benzaldehyde.

76. y-Substitution in the resorcinol nucleus, Part III.

Synthesis of 2-benzoyl-resorcinol.

V. R, Heeramaneck and R. C. Shah, Bombay.
Benzanilide imidochloride reacts with methyl-j5-resorcylate in the

presence of aluminium chloride to give the anil-hydrochloride of methyl

-

2 ; 4-dihydroxy-3-benzoyl-benzoate (I) which on treatment with alcoholic
HCl gives methyl-2 : 4-dihydroxy-3-benzoy1-benzoate (II). (II) on
hydrolysis with cold alkali gives the corresponding free acid (III) which
on decarboxylation afforded p-benzoyl-reaorcinol (IV), m.p. 135®C. (IV)
is also obtained directly from (II) by boiling with alkali, hydrolysis and
decarboxylation taking place in one stage. Limaye has previously
synthesized (IV), m.p. 136°C, by the action ofalkali on 7-hydroxy-4-methyl-
8-benzoyl-coumarin {Ber. 1934, 61, 12).

77. On anacardic acid, Part III.

P. Parameswaren Pillay, Trivandrum.

Anacardic acid, the chief constituent of the pericarp of the Cashewnut
has a salicylic acid fragment with a long straight C15H27 side chain in the
ortho-position to the carboxyl The acid was reduced with sodium and
alcohol and also distilled with zinc. Nitration, oxidation with hydrogen
peroxide, the effect of heat on its ammonium salt and the condensation
induced by thionyl chloride, were also studied.

78. Synthesis of ortho-cyanaldehydes. Part I.

S. N. Chakravarti and K. Ganapati, Agra.

Attempts to synthesize ortho-cyanaldehydes, none of which have
yet been synthesized, from the corresponding o-amino -aldehydes, 0-

amino-aldoximes, o-amino -acetals and o-amino Schiff's bases through
the aid of Sondmeyer's reaction were all unsuccessful. During the course
of these experiments an excellent method of preparing o-amino-aldoximes
wae discovered. O-amino-aldoximes can be diazotised in concentrated
hydrochloric acid solution.

0-oyanaldehydes can be readily synthesized but only in poor yields

by the oxidation (with permanganate) ofthe corresponding 0-cyan-cinnamic
acids which are readily obtainable by synthesis. During these oxidations
a high melting substance is always formed in every case as a main product.
These substances are being investigated.
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3-methoxy-6«cyan-benzaldehyde, m.p. 107®C,anLdo-cyanbenzaldehyd»,
m.p. 76®C, were synthesized by this method.79.

Halogenation, Part XXI. Direct replacement of sul'

phonic groups in aromatic hydrocarbons by chlorine

atoms.

P. S. Varma, N. B. Parekh, and V. K. Subramanian, Benares.

It has been possible to replace directly sulphonic groups by chlorine

in aromatic hydrocarbons by heating the aromatic hydrocarbon sulphonic
acids strongly with cuprous or cupric chloride and thus chloro-benzene
from benzene sulphonic acid, p-chloro-toluene from p-toluene-sulphonic

acid, o-chloro-tolueno from o-toluene sulphonic acid, p-nitro-chloro-

toluene from p-nitro-toluene sulphonic acid, p-chloro-o-nitro-tolhene
from o-nitro-toluene sulphonic acid, m-nitro-chloro-benzene from m-
nitro-benzene sulphonic acid, trichloro-benzene from dichloro-benzene
sulphonic acid, a-chloro-naphthalene from naphthalene-a-sulphonic acid,

j9-chloro-naphthalene from naphthalene-2-sulphonic acid and 6 : 8-dichloro-

2-naphthylamine from 2-naphthylamine 6 ; 8-disulphonic acid have been
obtained. By a similar process bromo derivatives of aromatic hydro-
carbons have also been prepared.

80.

Studies in chloral amides : chloral-amide of 3-amino-
salicylic acid.

N. W. Hirwe and M. A. Wa(jh, Bombay.

3-acetylamino-8alicylamide was condensed with chloral to the corres-

ponding chloral amide. Acetyl and benzoyl derivatives were prepared.
Sulphuric acid did not dehydrate this compound to an oxazine derivative,
as in the case of 5-amino acid, but the same was obtained when the chloral
amide was treated with acetic anhydride in an alkaline medium. The
compound could not also be hydrolysed with aqueous ammonia into an
a-amino-chloral-3-amino-salicylamide.

81.

Studies in chloral amides : Chloral amide of 5-amino-
salicylic acid.

N. W. Hirwe and K. N. Rana, Bombay.

5-acetylamino -salicylamide was condensed with chloral, giving the
corresponding chloral-amide. Various derivatives, such as acetyl, benzoyl
and raethoxy, of this chloral-amide have been prepared. It gave a meta-
oxazine compound on dehydration with concentrated sulphuric acid.

The oxazine compound on treatment with acetic anhydride gave an acetyl
derivative suggesting the presence of a tautomeric hytejgen

; hydrochloride
of the oxazine could not be obtained, thus confirming the existence of the
hydroxy group. Attempts were made to break the oxa.zine ring at the
oxygen-linkage with a view to obtain an a-amino group by hydrolysis
with strong ammonia : shaking with liquor ammonia (D. 0*888) had no
effect, but on heating the molecule hydrolysed to give the starting €U3id ;

on passing a current of ammonia in a warm alcoholic solution of the sub-
stance a base was obtained, the hydrochloride of which analysed as
C30H40O10N7CI4.

Further work is in progress.
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82. Nitration of m-methoxy-cinnamic aoid.

S. N. Chakravarti, K. Ganpati, and S. Aravamttdhachari,
Agra.

4-nitro-3-methoxy-cinnamic acid, m.p. 296®C, is formed as the main
product of nitration of m-methoxy-oinnamio acid. The constitution of
the nitro compound was established by its oxidation to 4‘nitro-4-methoxy-
benzaldehyde and 4-nitro-3-methoxy-benzoic acid, and by synthesis.
The formation of 4-nitro-3-methoxy-cinnamic acid as the main product of
nitration is a matter of considerable interest and is rather anomalous and
contrary to the expectations of the current theories.

6-nitro-3-methoxy-cinnamic acid, m.p. 227°C and 2-nitro-3-methoxy

-

cinnamic acid m.p. 265®C which were also formed as bye-product during
the nitration wore also synthesized. All the corresponding hydroxy
nitrocinnamic acids have also been synthesized, which, curiously enough,
all melt lower than the corresponding methoxy compounds.

During the course of these investigations it was found that much of
the older work on niti*ation of m-hydroxy-cinnamic acid and 3-methoxy-
cinnamic ester requires levision and correction.

83. The condensation of aldehydes with amides. Part I. The
condensation of salicylaldehyde.

K. C. Pandya and S. T. Singh, Agra.

Condensations of aldehydes with amides have been studied by a
large number of workers, in some cases with the help of catalysts, in
others without them. No attempt appears to have so far been made to
observe whether the catalyst could be traces of organic bases, like pyridine,
found so very useful in condensations of aldehydes with malonic acid by
Pandya and co-workers. Nor has any one apparently studied the
possibility of condensations of salicylaldehydes in this manner.

It has been shown in this paper that salicylaldehyde condenses with
formamido, acetamide, benzamide and phenyl-acetamide, equally well,

when the sodium acetate of earlier workers (Cebrian, Ber, 1898, 51, 1592 ;

Titherley and Harpies, J, 1908, 93, 1933) is replaced by any of the usual
organic bases in traces, or even when no base is used at all. The products
obtained here am ideiitical with those reported by earlier workers, but are
much cleaner (c/. Gupta, */., 1921, i /9, 298). The earlier workers have not
mentioned yields, but a comparison has been made by repeating their

experiments, when it is found that the yields in the present case are not
only very much higher, but are occasionally quantitative.

The structures of the resulting compounds are discu,sSed.

84. The condensation of aldehydes with amides, Part II.

Condensation of cinnamaldehyde.

E. K. Mehra and K. C. Pandya, Agra.

There is only one condensation so far reported, and that is of this

aldehyde with phenylacetamido by Gupta («!., 1921, 719, 298), who by
merely heating the two together for 2 hours at 160--170°C obtained cinna-
mylidene-bis-phenylacetaraide. The yield is not mentioned, but on
mpeating his experiment, the authors obtained an yield of about 16%
only. It increased slightly only, to 18%, when a trace of pyridine was
used as a catalyst. In condensations with acetamide and with benzamide,
suitable alterations in the conditions of the experiments improved the

yield, wliich came up to about 50%. Analysis showed the products to be
of a similar composition to above.

Condensations with formamide gave a product in very good yield,

but the exact composition of it is under investigation.

Propionaraide also condenses well.
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85. The condensation of aldehydes with malonic acid in the

presence of organic bases, Part X. The condensation

of resorcylaldehyde.

K. C. Pandya and S. T. Singh, Agra.

The condensation of aromatic aldehydes with malonio acid in the
presence of organic bases in traces has been foimd to be often affected

by the presence of a hydroxy group in the nucleus, particularly in the
ortho-position {vide earlier papers, Proc, Ind. Acad. Sci. and Proc. Ind.

Set, Cong.). In the present case of resorcylaldehyde, 2 : 4-dihydroxy-
benzaldehyde (I), there is an aromatic aldehyde with two hydroxy groups,

and one of them is in an ortlio position to the aldehyde group.

Kesorcylic aldehyde condensed with malonic acid in the presence as

well as in the absence of an organic base in traces, though the product
in the first case w*as umbelliferone and in the latter case was umbellio

acid (2 : 4-dihydroxy-cirmamic acid). The yields, however, were small,

ranging between 24 and 37%. This may be due to the presence of a second
hydroxy group, as was expected.

86. The condensation of aldehydes with malonic acid in the

presence of organic bases, Part IX. The condensation

of )9-hydroxynaphthaldehyde or 2-hydroxy-naphthal-
dehyde—(I).

K. C. Pandya and T. A, Vahidy, Agra.

In the earlier papers on the study of the condensation of aromatic
aldehydes with malonic acid in the presence of organic bases, a diminished
yield of the condensation product has often been observed when a hydroxyl
group has been present in the benzene ring, particularly in the ortho-
position. 2-hydroxy-naphthaldehyde was prepared from j3-naphthol
by the well known modification of Gattermaim’s method, and the condensa-
tion with malonic acid in the presence of traces of pyridine, lutidine and
a-picolino was foutid, on beating at 105-1 10°C for six hours, to give almost
quantitative yields. Even when no base was used, the condensation
took place and gave, under the conditions described above, over 60%
yield.

It appears therefore that in a naphthalene ring, in the position 2:1,
the hydroxy group does not exert the same obstructive influence as it

does in salicylaldehyde.

The product in all the above causes was 5 : 6-b0nzocoumarin-carboxylio
acid, m.p. 81 ®C, wliile by Perkin’s method benzocoumarin and small
amounts of )8-naphthyl-acrylic acid have been obtained by other workers.

87. Oxidation of naphthalene in the vapour phase.

J. K. Chowdhuby aind M. A. Sabooe, Dacca.

Naphthalene has been oxidised with air in the presence of different

catalysts. Mixed oxides of tin and vanadium have given the best results

in the oxidation of naphthalene to phthaleic anhydride under the following
conditions ;

—

Diam. of catalyst tube (glass) . . .1*5 cm.
Catalyst space . . . . . . 6*3 o.o.

Air ratio . . . . . . 3 times theoretical.

Time of contact . . . . 0*32 sec.

Carburettor temp. . . . . . . 172°C.
Temp, of catalyst bed . . . . 290°C.

About 60% of the naphthalene used was attacked and the yield of
phthaleic anhydride was 90% of theoretical.
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The following intermediate products have been identified : naphthol,
1-4 naphthaquinone, phthalic anhydride, benzoic acid and maleic acid.

The mechanism of the oxidation is explained with the help of hydroxyla-
tion theory, the p*dihydroxy compounds being supposed to be formed at

a high temperature.

88. Studies in the naphthalene series, Part I. The synthesis

of alkyl naphthols.

R. D. Desai, a. Kamal, M. Akram, and Abdul Hamid, Aligarh.

2-acetyl-j8-naphthol and 2-propionyl-a-naphthol, give on
Clemmensen reduction 2-ethyl-a-naphthol and 2-propyl'a-naphthol.
Methods for the preparation of 4-acetyl-a-naphthol and 4-propionyl-a-
naphthol in good yield have been worked out, and these yield on reduc-
tion 4-ethyl-a-naphthol and 4-propyl-a-naphthol. The bromination
€md nitration of those acylnaphthols as well as alkylnaphthols have been
studied,and the constitutions of the resultingproducts iiave been elucidated.

89. Studies in the najihthalene series, Part II. The synthesis

of 2 : 4-diacyl-a-naphthols.

R. D . Desai, M. Akram, ajid Abdul Hamid, Aligarh.

Various 2 : 4-diacyl -a-naphthols have been prepared by the action
of acylchlorides on 2-acyl-a-naphthol in presence of anhydrous zinc
chloride or on 4-acyl-a-naphthol in presence of anhydrous aluminium
chloride. Bromination as well as nitration revealed the labile character
of the acyl group in the 4-position. The same acyl group can also be
replaced by hydrogen by the action of anhydrous aluminium chloride or
zinc chloride. With the object of determining the constitution of the
products obtained by brominating and nitrating 2 : 4-diacyl-a-naphthol,
chromones have been prepared ; and these have been degraded to various
l-hydroxy-2-naphthoic acid derivatives.

90. Studies in the naphthalene series. Part I, Synthesis of

polyhydroxy derivatives of naphthalene.

S. N. Chakravarti and V. Pasupati, Agra.

An account is given of the attempts that have been made by the
authors to synthesize symmetrically disubstituted and tetrasubstituted
hydroxy derivatives of naphthalene, which were required for puiposes of
a comprehensive study of their properties and more particularly for the
study of their oxidation products. Attempts were first made to synthesize
1:2:6- and 1:2: 7-trihydroxy naphthalene and 1 : 2 : 5 : 6- and 1 : 2 : 7 : 8-

tetrahydroxy naphthalene from the corresponding amino compounds which
were synthesized for the purpose, but in none of those oases could the amino
group be replaced by the hydroxy group although a variety of different con-
ditions was tried. Next attempts were made to synthesize the required
hydroxy compounds from the corresponding bromo compomids through the
Grignard reaction, etc., but here again results obtained were not at all en-
couraging. Eventually 1:2:6- and 1:2: 7-trihydroxy naphthalenes were
synthesized by the following method which is being extended to the
synthesis of the tetrahydroxy compounds. 2:7- and 2 : 6-dihydroxy naph-
thalenes were converted into nitroso compounds and the latter reduced
to the corresponding amino compoimds, which on oxidation under very
careful conditions gave 6-hydroxy- and 7-hydroxy-naphthaquinone8.
The quinones on reduction gave the required trihydroxy naphthalenes
which were also converted into the corresponding triacetyl and trimethoxy
compounds. The hydroxy quinones have been nitrated and the mononitro
compounds converted into the corresponding nitro-trihydroxy compounds



64 Absiracta. (30)

by reduction with sulphur dioxide and the trihydroxy compounds in

their turn were converted into nitro-trimethoxy compounds. The
nitrohydroxy quinones have also been directly reduced to corresponding
trihydroxy amino compounds.

91. Synthesis of coumarins from phenols and aoetoac5etic

esters : constitution of halogenated resorcins and oroins.

D. Ohakravabti and S. Mukbbjbb, Calcutta.

Bromoresorcin (Zehenter, MonatsK 5, 293), prepared from resorcylic

acid, has been ^hown to be 4-bromoresorcin since 6-bromo-7-hydroxy-4-
methylcoumarin (m.p. 278°C), the coumarin derived from bromoresorcin

by condensation with acetoacetic ester, gives 6-bromo-7-raethoxy*4-

methyl coumarin (m.p. 245°C) identical with the product obtained by
Sandmayer’s reaction on 6-amino-7-hydroxy-4-methylcoumarin, the reduc-

tion product of the nitro derivative of jS-methyl-umbelliferone methyl
ether. The coumarin thus obtained from bromoresorcin is dmerent
from 8-bromo-7-hydroxy-4-methylcoumarin (m.p. 251-252®C), obtained
by Sandmayer’s reaction on 8-araino-7-hydroxy-4-methylcoumarin, the
reduction product of the nitro derivative of jS-methyl-umbelliferone.

Monochloro-orcin, prepared by the action of sulphuryl chloride on
orcin and monobromo-orcin (Lamparter, AnncUen, 1865, 134, 268) have
been shown to be 4-chloro- and 4-brorao-derivatives of orcin since they
form 6-hydroxy-coumariiis and not 7-hydroxy-coumarins by condensation
with acetoacetic ester and its alkyl-derivatives.

Those halogenated resorcins and orcins give always coumarins with
acetoacetic ester and its derivatives even if the condensing agent is phos-
phorus pentoxide ; thus the generalization made by Chakravarti (J.

Indian Chem, Soc,, 1932, P, 31) holds true in these oases also.

92. The Peohmann condensation of methyl -j8-resorcylate

with a-alkyl-acetoacetic esters.

S. M. Sethna and B. G. Shah, Bombay.

In continuation of the work reported last year {Indian Sc. Cong. Ahat.,

1937, 21), inethyl-/3-resorcylate has been condensed with a-mothyl-,

a-ethyl-, a-propyl- and a-butyl-, acetoacetic esters in the presence of
sulphuric acid. In each case the condensation product was a mixture of
7-hydroxy-4-alkyl -COmnarm-6-carboxylic acud and the corresponding
methyl ester, from which the free acid and the ester were separated pure..

The constitutions of all the condensation products have been established

and various derivatives prepared.

93. Aluminium chloride—a new reagent for the condensation
of j8-ketonic esters with phenols, Part I. Condensa-
tion of methyl j8-resorcylate with ethyl acetoaoetate.

S. M. Sethna and B. C. Shah, Bombay.
The authors have previously studied the condensation of methyl

P-rosorcylate with ethyl acetoaoetate in the presence of sulphuric a«id,

which gave methyl 7-hydroxy-4-methyl-coumarin-6-carboxylate (Indian
Sci. Cong* Ahat*, 1937, 21). It is now fomid that with anhydrous edu-

minium chloride as condensing agent, the condensation proceeds differently

with the formation of methyl 5-hydroxy-4-methyl-6-oarboxylate (I),

m.p. 186-186°C, in good yield and a small quantity of the corresponding 7-

hydroxy compound. (I) on hydrolysis gave the corresponding carboxylic
acid, m.p. 248-249*^CX which on decarboxylation gave 4-methyl-5-hydroxy

-

coumarin, m.p. 263®C, also in good yield, whose constitution was confirm^
by conversion into the methylated cinnamic acid. Limaye has recently
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reported the formation of 4>methyl-6-hydroxy-ooumarin in a minute }deld
in the Kostaneoki acetylation of 2-acetyl reBorcinol, itself obtained from
resorcinol through a number of stages {Rasayanam, 1936, 45).

The unique action of aluminium boride in the above condensation
which directly affords a 5-hydroxy-coumarin derivative, instead of the
7-hydroxy compound, which is obtained with other known condensing
agents is noteworthy. The work is being extended to other phenol-
carboxylic acids and their esters.

94.

Aluminium chloride—a new reagent for the condensation
of j8-ketonic esters with phenols, Part II. Condensa-
tion of resacetophenone with ethyl acetoaoetate.

N. M. Shah and R. C. Shah, Bombay.
The condensation of resacetophenone with ethyl acetoaoetate with

aluminium chloride as condensing agent affords 5-hydroxy-4*methyl-6-
acetyl-coiuuarin (I), m.p. 165®, in high yield, the condensation being
analogous to that of methyl ^-resorcylate, described in the previous
paper. The constitution of (I) has b^n established and confirmed by
its synthesis by the Fries transformation of 4-methyl-5-acetoxy-coumarin.

The formation of the corresponding 7-hydroxy-coumarin, 4-methyl-7-
hydroxy-6-aoetyl coiuuarin in the sulphuric acid condensation of resace-

tophenone with ethyl acetoaoetate (Aggarwal and Dutt, J. Indian Chem.
Soc., 1937, 74, 109) could not bo confirmed, only unchanged resaceto-

phonone being obtained (c/. Gaind, Gupta *and Bay, Current Sci,, 1937,

5, 646).

Further work including the condensation of other phenolic ketones
and the synthesis of coumarino-chromones from (I) is in progress.

95.

Aluminium chloride—a new condensing agent for the

condensation of j8-ketonic esters with phenols, Part HI.
Condensation of ethyl acetoacetate with simple

phenols.

N. M. Shah, S. M. Sethna, and R. C. Shah, Bombay.

The condensation of ethyl acetoaoetate with various phenols in the
presence of anliydrous al\iminium chloride has been studied. The solvent

used was dry ether in wliich aluminium cliloride dissolves readily (cf.

Shah, Current Sci., 1934, 157) or nitrobenzene. In most cases, the same
products are formed as with sulphuric acid as condensing agent. In some
cases the yields are better than with sulphuric acid ; the most remarkable
example being phenol, which gives a 30-40% yield of the coumarin with
aluminium chloride, whereas the yield reported in literature for phenol
with sulphuric acid is only 3%.

96,

Heterocyclic compounds, Part VI. Coumarins from
resacetophenone and cyclic-j8-ketonic esters.

R. D. Desai and Nazir Ahmad, Aligarh.

Resacetophenone condenses with cyclohexanono-2-carboxylate, 4-

methylcyclohexanone-2-carboxylate’, 6-methylcyclohexanone-2-carboxy-

late, 6-methyl oyolohexanone-2-carboxylate and trans-j5-dooalone-3-

carboxylate in the presence of phosphorus oxychloride with the formation
of 7-hydroxy-6-acetyl-3 : 4-eyclohexeno- or 3 ; 4-cyclo-octaline-coumarins.

Th^ condensation does not take place in the presence of concentrated
sulphuric acid or sodium ethoxide. The isomeric 7-hydroxy-8-aoetyl

coumarins have been obtained by the Fries transformation of the respective

7-acetoxy coumarins obtained by the aK^etylation of the coumarins from
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resorcinol and respective j5-ketonic esters in the presence of concentrated

sulphuric acid.

97. Heterocyclic compounds, Part VII. Couniarins from
phenols and cyclic jS-ketonic esters.

K. D. Desai and Nazir Ahmad, Aligarh.

Coumarins have been obtained by condensing 4>methylcyclo-hexanone
2-carboxylate, 6-methylcyclohexanone -2-oarboxylate, 6-methylcyclohexa-
none-2-carboxylate and trans-j3-decalone-3-carboxylate with resorcinol,

orcinol, phloroglucinol, pyrogallol and -naphthol in the presence of con-

centrated sulphuric acid. The various derivatives and other properties of
these coumarins have been studied.

98. Heterocyclic compounds, Part VIII. Chromones from
4-ethyl-re8acetophenone.

R. D. Desai and Sh. Abdul Hamid, Aligarh.

Excepting the work of Wittig and his co-workers {Anncdcn, 1926,

460) on the application of the Kostanecki reaction to o-acyl derivatives

of the cresols, no systematic work has been done. Flavones containing
alkylated benzene nucleus have been found to occur in nature. Therefore,

a systematic study of the synthesis of this type of chromones and flavones

has been undertaken. On heating 4-ethyl resacetophenone with acetic

anhydride and cunhydrous sodium acetate, 7-acetoxy-6-ethyl-3-acetyl-2-
methylchromone was obtained. This was converted into 7-hydroxy-6-
ethyl-3-acetyl-2-methylchromone and 7-hydroxy-6-ethyl-2-methylchro-
mone. The various derivatives of 7-hydroxy-6-ethyl-2-methylohromone
have also been prepared.

99. Coumarin-4, brom- and 3, bromacetic acids.

13. B. Dey and 8. 8ankaran, Madras.

A study of the reactivities of the bromine atoms in the two series

has been carried out with interesting results. Although the halogen in

coumarin-4, methobromides was found to be very inactive (Dey and
Badhabai, J. Indian Chem. Soc., 1934, iJ, 636), the corresponding hydro-
xymethyl- and acetoxy-methyl compounds have now been prepared.

100. The reactivity of the chalkone oxides.

K. D. Mudbhatkal and T. 8 . Wheeler, Bombay.
The reactions of the oxide of p-tolyl-4-methoxy styryl ketone have

been studied. It gave a diketone and a glycoUic acid with sodium hydrox-
ide. With hydrazine hydrate it yielded the hydroxy pyrazoline which
with sodium ethoxide gave the pyrazole. The glycoUio acid is converted
into a desoxybenzoin by potassium chromate. The acetoxy and chloro-

hydrin derivatives have also been prepared.
A number of condensations of chalkones with desoxy-benzoins have

also been studied.

101. The reactivity of the chalkones of bromopiperonal.

G. V. Deshmukh and T. 8. Wheeler, Bombay.
The chalkone obtained by the condensation of bromopiperonal with

acetophenone gave a dibromide which with pyridine gave a bromoatyryU
ketone. The dibromide on treatment with 2 mols of sodium ethoxide gave
on ethoxy^styi^l ketone which with HCl gave a diketone. The dibromide on
treatment with alcoholic ammonia gave an ammonia compound.
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Bromopiperonal and acetonaphthol were condensed to a hydroxy
chdUeone. with sodium acetate and acetic anhydride gave an
acetoxy chalkone which on bromination gave a dibromide. The hydroxy
chalkone also*gave a dibromide which on heating under reduced pressure
gave aflavone

.

The hydroxy chalkone with alcoholic phosphorus peutoxide
also gave a flavanone.

102 . Synthesis of benzylidenebenzocoumaranones

.

A. P. IChanolkar and T. S. Wheeler, Bombay.
Ingham, Stephen and Timple (/., 1031, 895) attempted to synthesize

benzocoumaranones from naphthoxyacetic acids but were unable to
decide definitely the structure of the products. The new imambiguous
synthesis of benzylidenecoumaranone by the action of alkali on o-hydroxy-
phenyl-a-bromo-^-ethoxy-phenylethyl ketone (Current Sci., 1937, 475)
has been applied to l-hydroxy-2-naphthyl-x-bromo-/5-ethoxy-3'-4'-me-
thylenedioxystyryl ketone and a benzylidenebenzocouraaranone obtained.
The dibromides of l-hydroxy-2-naphthylstyryl ketones are but slightly

soluble in alcohol and do not readily form ethoxy derivatives ; accordingly
they yield naphthoflavones by Kostanecki’s dibromide method. They
are soluble in chloroform and on heating with a mixture of absolute alcohol
and chloroform pass to the ethoxy comjiounds.

103. New syntheses of flavones.

W. A. Hutchins and> T. S. Wheeler, Bombay.

The dibromides of o-hydroxyphenyl styryl ketones which ordinarily

give benzylidene-coumaranones on treatment with alkali by Kostanecki’s
method yield flavones if directly heated.

A new synthesis of chrysin is obtained by brominating 2-hydroxy-4 : 6-

dimothoxy-phenyl styryl ketone. The product is heated to give a brorao-
flavone which on treatment with hydriodic acid yields chrysin.

Similarly 2-hydroxy-4 : 6-dimethoxy-phenyl-4-methoxy-8tyryl ketone
is brominated and the product heated to give a bromo-flavone which on
treatment with hydriodic acid yields apigenin.

The bromide of 2-hydroxy-4 : 6-dimethoxy-phenyl-3 : 4-dimothoxy-
styrylketone is unstable, presumably because of the number of rnethoxy
groups present. It is hoped that the use of the dinitrobenzyl ether of
protocatachuic aldehyde will enable the synthesis of leuteolin to be achieved
by this method.

104. 2-naphthyl chromones.

V. V. ViRKAR and T. S. Wheeler, Bombay.

The methyl ester of 2-methoxy-3-naphthoic acid has been condensed
with 2-methoxy-acetonaphthone to give 2 : 2'-dimethoxy-3 ; 1-dinaph-
thoyl-methane. This on treatment with cold concentrated hydriodic
acid (d. 1*7) gives a 2-naphthyl-benzochromone.

Similarly, the methyl ester of 2-methoxy-3-naphthoic acid has been
condensed with o-methoxyacetophenone to give 2 : 2'-dimethoxy-benzoyl-
3-naphthoyl methane. The action of HI on the latter is being studied.

105. On the constitution of plant alkaloids. (A discourse.)

R. Robinson, Oxford.

106. Rottlerin.

K. S. Narano and J. N. Ray, Lahore.

Evidence has been adduced that rottlerin has the composition
C27H26O7. Four of the oxygen atoms occur as phenolic hydroxyl groups.
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The tetramethyl ether (m.p. 144^) is not further acylated indicating that

the remaining oxygen -atoms are ethereal or inert. The formation of a
tetrahydro derivative indicates the presence of two double bonds. Oxida-
tion of the tetramethyl ether with hydrogen peroxide gives a substance

'OsiHs^Og which decomposes into benzaldehyde and other unrecognizable

substances.
Hydrolysis of tetrahydrorottlerin with alcoholic hydrochloric acid

gives a substance C20H22O4, m.p. 171°C, the structure ofwhich is discussed.

Tetramethyl rottlerm reacts with nitrous acid to give a substance

C17H19NO6 (or C19H21NO6 ?) which is being further degraded.

The structures of the different products described above have been
discussed and a tentative formula for rottlerin has been advanced.

107. Synthetical experiments with dimethyldiazomethane,

Part I. New synthesis of caronio and homocarorfic acid.

P. C. Gtjha and D. K. Sankaban, Bangalore.

Although diazomothane and diazoacetic ester have found application

in the synthesis of some monocyclic and bicyclic derivatives of compounds
of the thujane group, no synthetic investigations are on record in which
dimethyl-diazomethane has been used for such synthesis. Dimethyl-
diazomethane has been found to react with ethyl-fumarate at -18® to

give a pyrazoline compound yielding finally trans- ethyl caronate.
Dimethyl diazomethane reacts similarly with diethyl glutaconate to yield

homocaronic acid, which has recently been synthesized by Owen and
Simonsen by a different method.

108, A new and direct synthesis of dihydro-isolauronolic- and
iso-lauronolic acids.

P. C. Gtjha and K, S. Subbamanian, Bangalore.

The formation of iso-lauronolic acid from derivatives of camphor
such as a-C€unpholytic acid, camphoric anhydride, etc., involves a peculiar
molecular rearrangement and therefore a direct synthesis of this acid is

interesting. Ethyl dimethyl-acetoacetate reacts with ethyl-a-bromo-
succinate in presence of zinc (Keformatsky) to give a mixture of ethyl
a : a : j8-trimothyl-/3-hydroxy-/3'-carbethoxy adipate (I) (acid, m.p.
165-166®C) and ethyl a ; a : ^-trimethyl-y-carbethoxy-)3-butylene-a : 8 m-
carboxylate (II). The mixture gives the latter ester (II) (b.p. 166~162®/5
mm. ; acid, m.p. 239-240®C ; trionilide, m.p. 236®C ; anilide anil, m.p. 212°C)
with PBrs in dry chloroform and undergoes cyclization with sodium in
dry benzene to form among other products ethyl 1:1: 2-dimethyl-A 2-

oyclopentene-6-one-3 : 4-dicarboxylate, b.p. 125-128®/3 mm. This ester
is soluble in alkcdi, gives violet coloration with alcoholic FeCls, and does
not react with semicarbazide or hydroxylamine ; on hydrolysis with dil.

ale, KOH it forms an unstable syrupy ketonio acid, which loses carbon
dioxide on treatment with hydrochloric acid forming 1:1: 2-trimethyl-
A2.cyclopentene-5-one-3-carboxylio acid designated keto-isolauronolic
acid, m.p 186-187®C, (oxime, m.p. 139-140®; semicarbazone, m.p. 226®).
This on Clemmensen’s reduction was expected to give isolauronolic aeid,
but during the reaction, the ethylenic linkage was also reduced, forming
mainly dihydro-isolauronolic acid (b.p. 110-115®/20 mm.) from which iso-
lauronolic acid has been obtained by methods already known.

(I) (COOEt).CH2.CH (C02Et).C(0H) CHs.CMej.COaEt
(II) (COOEt).0H2.C(CO2Bt): CMe. CMea.COaEt.
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109. Investigations on the nature of products obtained by the
addition of diazo-oompounds to conjugated double
bonded systems, Part I, A new synthesis of iso-

dehydroapocamphoric acid and a synthesis of A^-
cyclo-pentene-1 : 3-dicarboxylic acid.

P. C. Guha and D. K. Sankakak, Bangalore.

The addition of aliphatic diazo-oompounds to conjugated double
bonded systems has mostly been effected with hydrocarbons which, as a
rule, accept diazomethane, etc., by a process of addition in 1 : 2 positions.

Dimethyl diazomethane reacts with ethyl muconate at — 18®C and
yields ethyl isodehydroapocamphorate (b.p. 200®/100 mm.). Diazo-
methane reacts similarly with ethyl muconate to yield ethyl A*-cyolo-
pentene- 1 : 3-dicarboxylate (I) wMch has resisted all attempts to reduce
it into the saturated cyclopentane-l : 3-dicarboxylic acid. The 1 : 4-

addition, in this case, has been proved by the isolation of glutaric acid by
successive stages of oxidation of compound (I).

110. Investigations on the nature of addition of aliphatic diazo-

compounds to conjugated systems, Part II. Action
of diazomethane and diazoacetic ester upon cyclo-

penta- and cyclohexadienes and their derivatives.

P. C. Guha and G. D. Hazba, Bangalore.

The present investigation has been undertaken with the object of
synthesizing bicycUc compounds of the camphane and santane series by
effecting 1 : 4-bridge formation in cyclic compoimds, possessing con-

jugated double bonds, by the action of aliphatic diazo compounds. A ^

dihydrobenzone and 2 : 3-dimethyl- a'^ *^-dihydrobenzene (cantharene)

have not been found to react with diazomethane even after one month’s

standing at 0®. A * ' ^-dihydrobenzene reacts with diazoacetic ester to

give a oompoimd (b.p. 84"/2’6 mm.). That the addition has taken place

in 1 : 2-positions (and not in 1 : 4), in spite of the starting oompoxmd
possessing conjugated double bonds has been proved by rediicing the
product catalytically to ethyl norcarane carboxylate, b.p. 112-14®/19-20

mm. (the m.p. of the related acid is 97°0). The b.p. and m.p. of the cones-
ponding ester and the acid as given by Ebel, Brunner and Mangelli {Hdv,
Ohem. Acta., 1929, 12, 19-26) being 110-11716 lum. and 97® respectively,

prove the identity ofour product with theirs.

Cantharene reacts with diazoacetic ester to give an ester, b.p. 91-95®/
2*6 imn., which gave two acids now under investigation.

To study the influence of negative groups like C02Et and CO adjacent
to 1 : 4-carbon atoms in conjugated double bonded systems, on the addi-

tion of diazomethane and diazo-acetic ester, etc., A ^ ’

^-dihydroterephthalio

ester, c-benzoquinone and methylbenzoquinone are being condensed with
these.

111.

Synthesis of umbellulonic acid

.

P. C. Guha and M. S. Muthanna, Bangalore.

Ethyl isopropyl acrylate (Blaise and Luttinger, Bull. Soc. Okem.,

1905 (3), SS, 648, 776) has been condensed with d^azoacetone {Annalen,

1925, 1, 34 ; 1916, 1, 855) to yield a pyrazoline compound, b.p. 130-135®C
3 mm. (Found : N, 11«68%; calc. 12*39%). The pyrazoline compound
splits off nitrogen at 180®C, and the resulting nitrogen free ester distils
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at 135^145^/25 mm. and was expected to yield umbellylonic acid on hydro-
lysis. The resulting acid, however, does not readily crystallize but forms
an oxime, m.p. 145-146®C (Found : N, 7-64% ; calc. 7-63%), and a semi-

carbazone, m.p. 170° (Found ; N, 18*30% ; calc. 18*42%), the corresponding
m.p.*s of the oxime of cisumbellulonic acid (derived from natural umbel-
lulone) being 169-170°C ; semicarbcuEone not known.

The cis-configuration of iimbellulonic acid now synthesised has been
proved by its conversion into cis-umbellulario acid monohydrate. The
latter does not depress the m.p. of an authentic specimen derived from
natural sources.

112.

Attempted synthesis of cantharidin, Part I.

P. C. Guha and B. H. Iyer, Bangalore.

The best condition under which the sodium derivative of exalodi-

glycollio ester reacts with ethylene bromide (cf. Sci. Cong, Proc,^ 1936,

146) is to heat the dry disodium derivative with an excess of the alkyleno

hahde at 160-170° under reflux during 72 hours. When repeatedly crys-

tallized from alcohol, the alkali insoluble portion of the product (structure

adveuiced) melts at 174-75°C. The dl-ester on hydrolysis with alkali

readily gives the corresponding di-acid, m.p. 316°C (decomp.)* The stability

of the di-acid towards boiling hydrochloric acid (1:1) rules out the possible

)3-ketonic ester type of formula of the condensed product. Hence, the
compoimd is represented by a formula in which three oxygen atoms take
part in the formation of a bicyclo heterocyclic ring.

If the product had a jS-ketouic structure, it would have been a very
convenient starting material for the synthesis of cantharidin.

The sodium derivative of oxalodiglycolUc ester has been similarly

condensed with trimethylene bromide and the product melts at 139°.

Oxalothiodiglycollic ester similarly reacts with ethylene bromide to yield
an analogous alkali-insoluble product melting at 148-50°C.

113. Attempted synthesis of cantharidin, Part II.

P. C. Guha and B. H. Iyer, Bangalore.

The synthesis of cantharidin has been attempted starting from suit-

able furan derivatives, with a view to avoiding, in later stages, the necessity
of constructing the oxygen bridge present in the cantharidin molecule.

The condensations of the di-acid chlorides of furan-2 : 5-dioarboxylic
acid and tetra-hydrofuran dicarboxylic acid with zinc methyl iodide have
been effected and the corresponding 2 : 5-diacetyl compounds have been
isolated. It is intended to utilize these for the synthesis of cantharidin.

114. Researches on the formation of polycyclic compounds
from succino-succinic ester.

P. C. Guha, Bangalore.

Ethyl succinosuocinate has been condensed with brom -acetic ester
and the resulting product yielded after hydrolysis and decarboxylation
cycZohexane-1 : 4-dione diacetio acid. The ester of this acid is being con-
densed with brom-acetio ester and phenyl brom-acetic ester (Reformatsky)
with the object of converting the resultant tetra-esters into interesting
tricyclic compounds.

The bicyclo-{2

:

2 : 2)-octane-derivative,m.p. 1 12°C (cf. last year’s report),
has been utilized for the preparation of interesting derivatives. It is
intended to transform these into compounds of tricyclene type and other
condensed systems.
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116. The physical identity of enantiomers, Part V. The
relation between concentration and viscosity of solutions

of d-, I- and dl- forms of camphor, isonitrosocamphors,

camphorquinone, camphoric acid and sodium cam-
phorate.

B. K. Singh, Patna.

This paper deals with the problem of finding out a relation connecting
concentration with the viscosity of solutions of d-, I- and dU forms of
camphor, isonitrosocamphors, camphorquinone, camphoric acid and
sodium camphorate. The viscosity data of these compounds {Proc. Ind,
Acad. Sci., 5, 484, 1937) have been analysed. The simple mixture law
cannot express the viscosity of these solutions. Kandall's formula con-

taining the cube root of the viscosity is also found to be unsatisfactory.

The logarithmic viscosity formula of Arrhenius generally fits in well with
observations, when the concentration is expressed as mols per 1,000
grams of solvent, the only exception being the isonitrosocamphors. The
applicability of the Arrhenius equation is also illustrated by plotting

logarithms of viscosity against molecular concentration when straight linos

are obtained.

116. Synthesis of Thujane.

P. C. Guha and S. Krishnamubthy, Bangalore.

Ethyl 1 •methyl-3-i80propyl-oyclopentane-2-ono- l-carboxylate prepared
from diethyl adipate (Anncden, 1906, 350

^

226) was reduced to the corres-

ponding secondary alcohol which was then converted into ethyl 1-methyl-
S-isopropyl- A 2 -cyclo-penteno-l-carboxylate by the action of phosphorus
pentoxide in boiling benzene solution. This unsaturated ester reacted
with diazoraethane, on keeping for two weeks at 0°C to yield a bioyclic

compound which can be regarded as thujane with a COOEt group in

position 1. The corresponding acid obtained from the ester by hydrolysis

(m.p. 93-94®) gave, on distillation with soda lime under reduced pressure,
26

thujane b.p. 155-66®C; nz), 1*4400; d 0*8143; the corresponding values

22
of thujane as given by Sommler and Feildstein being b.p. 156-57°C; d ,

0*8168 ; nD, 1*44121.

117. Attempts at synthesis of thujadicarboxylic acid.

P. C. Guha and M, S. Muthanna, Bangalore.

Ethyl jS-isopropyl acrylate (J., 77, 942) has been condensed with
sodio-malonic ester and the resulting product ethyl jS-isopropyl-y'-

carbethoxy-a'-glutarate (I), b.p. 145-148°/4 mm., isolated. The a-

bromo-compound (II), b.p. 175-17674 mm. (Found : Br, 20*82 ; calc,

21*0%), obtained from (I) by bromination, lost HBr on treatment with
diethylaniline to yield an unsaturated compound (III) (structure advanced).
The unsaturated ester on treatment with diazomethane yielded a product
distilling at 136-140®/3 mm. and is expected to give thujadicarboxylic

acid on hydrolysis and decarboxylation.

Work is also in progress on the synthesis of thujaketonic acid, starting

from j8-isopropyl-a-acetoglutaric ester.
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118* On synthesis of bicyclo- (1:2: 2)-heptane and bicyclo-

(2:2: 2)-octane systems.

P. C. Gxjha and C. Kbishnamurthy, Bangalore.

In continuation of the work reported last year {Science Oongressp

Ohemictd Abet.. 1937, 137), the synthesis of the bicyclo-(2 : 2 : 2)-octaiie

compound, m.p. 112’’ has been attempted by double Dieckmann’s con*
deneation with hexane- 1 : 2 : 5 : 6-tetra-carboxylic ester.

Ethyl hexane-Cl : 2 : 2 : 5 : 5 : 6)<hexacarboxylate obtained from ethyl

butanetetracarboxylate and ethyl bromacetate, gives on hydrolysis and
decarboxylation, hexane- 1:2:5; 6-tetracarboxylic acid. The corres-

ponding tetra-ester on treatment with sodium in toluene has given two
products, one soluble (also giving coloration with ferric chloride) and the'

other insoluble in alkali. Methyl pentane- 1 : 2 : 4 : 6-tetraoarboxylate,

prepared from methylene dimalonic and brom-acetio esters, has also been
cyclized with sodium in toluene solution giv^ rise to two products

—

alkali-soluble and alkali-insoluble ; the alkali-soluble products in either

case on hydrolysis with boiling hydrochloric acid have given interesting

compounds which aie under investigation.

119. Synthesis of cyclohexane-spiro-cyclohexane derivative.

N. N. Ohattbrjee, Calcutta.

The effect of cyclohexane ring attached to a quaternary carbon atom
in a chain on the formation of a new cyclohexane ring has been studied
with the expectation of gaining some insight into the nature of strain in

the existing cyclohexane ring.

The condensation product of cyclohexanone cyanohydrin and ethyl
sodio-cyanoacetate when treated with ethyl y-bromobutyrate gives
diethyl l«cyano cyclohexane- 1 -a-cyanoadipate (b.p. 220-30®/3 mm,).
This cyano ester on hydrolysis gives cyclohexane- 1 -carboxylic- l-«-adipio
acid (gummy solid). The corresponding ester (

168-75’’-4 mm.) is subjected
to the action of sodium when cyclohexane-spiro-cyclohoxane-2-one-3

;

6-dicarboxylate (b.p. 170‘’/3 mm.) is obtained. The ring formation takes
place with almost equal facility as in the case of the corresponding cycle

-

pentane xing (cf. J. Indian Chem. Soc.. 13. 536, 1936).

120. Synthesis of polycyclic compounds having an angular
methyl group.

N. N. Ohattbrjee, Calcutta.

The presence of an angular methyl group is encountered in the
tei^nes, alkaloids and sterol group but few synthetic methods exist for
its introduction in a molecule.

Now with a view to synthesize pclycycUc compounds having angtilar
methyl group the investigation described below was undertaken.

Naphthyl magnesium bromide has been reacted with ethyl-2-methyl
methyl cyclohexanone-2-carboxylate to jdeld ethyl-l-a-naphthyl-2-
methyl cyclohexanol-2-carboxylate (b.p, 220°~26®/6 mm.). This on
dehydration yields ethyl-l-a-naphthyl-2-methyl cyclohexane-2-carboxylate
(b.p. 216-22076 mm.). This unsaturated ester is reduced catalytically to
yield ethyl-l-a-naphthyl-2-methyl cyclohexane-2-oarboxylate (b.p. 208-
1076 m.m.) l-a-naphthyl-2-methyl cyclohexane-2-oarboxylic acid (b.p.
235-245®/7 mm.) obtained after hydrolysis of the ester is converted into
acid chloride and subjected to the action of aluminium chloride to yield
methyl hexahydro-peri-benzanthrone (b.p. 215-26°/4 m.m.) This deriva-
tive has been reduc^ to methyl hexahydi^ isochryso-fluoren, the constitu-
tion of which has been established by its conversion to isochryso-fluoien.
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121. Superheated steam in the distillation of Atalantia mono-
phylla oil.

M. T. Chobe and B. Sanjiva Rao, Bangalore.

The essential oils from Atalantia monophylla and spheranthus indicus

have been distilled in steam at different temperatures and pressures and
the data presented. The higher the temperature of the steam, the more
is the quantity of oil distilling over per unit of steam. The properties of
such oils distilled over have been examined. Atalantia monophylla oil

was obtained in a yield of 0*4 to 0*6 per cent, from the leaves and was
imaffected by distillation at 140®C. It has a pleasant citrus odour very
similar to that of the oil from Zanthoxalum Bimdrunga, Wall {Jour. Ind.
Inst. Sci.y 1926, 174).

122. Essential oil from the leaves of Sphrenthus indicus.

(Miss) Mary Mather and B. Sanjiva Rao, Bangalore.

The oil was obtained in a yield of 0*4 per cent, and has been found
to consist of phellandrene and a mixture of mono and bicyclic tertiary

alcohols. A crystalline acid and a crystalline alcohol Ci5H2iO (m.p.

64®) have been isolated from the oil.

123. Essential oil from Litsoe zeylaAnm : the occurrence of dl-

cadinene.

(Miss) Mary Mathen and B. Sanjiva Rao, Bangalore.

A hydrocarbon C15H24 occurring in the essential oil from Litsse

zeylanioa had been found to yield a solid dihydrochloride on treatment
with hydrochloric acid but as sufficient quantity was not available it had
not been closely investigated (Jour. Indian Inst. Set., 1932, JJ, 47). A
fresh supply of two samples having become available, it was found that the

dihydrochloride from one ofthem melted at 106®C after crystallization from
ethyl acetate or acetone and was optically inactive. It appeared to be a
hydrochloride of a hitherto unknown hydrocarbon which has been called

litsenene. The hydrocarbon gave an excellent yield of cadalin on treat-

ment with sulphur. The hydrochloride from the second sample of the
oil was found to be a mixture from which the optically inactive dihydro-
chloride (m.p, 106®C) as well as the dihydrochloride of d-cadinene (m.p.

118°C; ajp»-37'4) could be separated. It appears probable that litsenene

is identical with dl-cadinene.

124. Synthesis in the cardiac aglucone series.

S. K. Ranganathan, Bangalore.

The cardiac aglucones would seem to owe their physiological action

to the lactone group in the molecule, and the aetiocholane ring structure

serves the purpose of a convenient framework for the placing of the lactone

group. To substantiate this view-point, work has been started with the
object of synthesizing lactones of related structure but carrying different

rings. The method here adopted is based on the mechanism of formation
of the lactones from norcholanic acid as postulated by Windaus
{NachrirMen von der Qeaellschaft der Wisaenschaften zu Gottingen, newseries,

Vol. 1, No. 7).

Cydo-pentyl bromide reacts with ethyl sodio-a-carbethoxy succinate

to yield ethyl a-cyclopentyl-a-carbethoxy succinate, b.p. 172®C/6 mm.
The corresponding tricarboxylic acid furnishes on thermal decomposition
a-oyclopentyl succinic acid, m.p. 116-117®C (anhydride, b.p. 176®C/30 mm.
ethyl a-cyolopentyl succinate, b.p. 147®C/9 mm.) and yields on reaction with
sodium and ethyl formate what is apparently a mixture of the two a-
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aldehydic cyclopentyl succinic acids. Ethyl a-cyclopentyl-jS-aldehydo
succinate has b^n isolated via its copper salt, (p-nitrobenzoyl ester,

m.p. 238°).

Experiments imdertaken in connection with the synthesis of a-

cyclopentyl-succinic acid by a different method are also described, as also

the condensation of cyclopentyl bromide with ethyl sodioaoetone-dicar-

boxylate with a view to the ultimate 83mthesis of Wieland and Bane’s
acid C13H20O6 {Z. Physiol. Chem.t 1933, 216, 91).

125. Preparation of pure thevetin from the seeds of Thevetis

neriifolia.

J. K. Lahiri and R. N. Chopra, Calcutta.

The glucoside thevetin is likely to prove to be a potent drug useful

in cardiac trouble as shown by recent clinical trials. For the isolation

and purification of the glucoside, the published methods eithei lack in

detail or lead to very poor yields. Details of a modified method for the

isolation and purification of thevetin are given. Some of its properties

and reactions together with a complete bibliography are also added. The
pharmacological action of the compound was found to be similar to that
described by Chen and Chen. Further work on its pharmacology is in

progress.

126. Investigation on the constitution of ‘ Artostenone *, a

keto compound related to sterols, present in the Indian

summer fruit ‘ Artocarpus Integrifolla Part V.

Oxidation of artostenone.

M. C. Nath, Dacca.

In continuation of my work of ‘ Investigations on the constitution of
“ Artostenone ”

’ {Proc. Ind. Set. Congr., 1937 ; Hoppe-Scyler’s Z. Physiol,

Chem., 247, 9, 1937) experiments have been extended to study the action

of different oxidizing agents on artostenone.
1. Oxidation of artostenone has been carried out by means of both

neutral and acid permanganate.
2. A di-keto acid (di-keto artostanic acid) of the formula C30H50O4,

m.p. 136°C, has been obt ained in both the processes.

3. The molecular weight of this di-keto acid as determined by cryo-

scopic method with benzene as solvent is 452 ; the formula requires 474 as

the molecular weight.
4. This acid gives a dioxime, m.p. 173°C, and an anilide, m.p.

140.141°C.
5. Nitric acid oxidation results in the formation of a nitro acid with

two condensed rings, which dissolves in potassium hydroxide solution
with orange-red colour.

6. The nitro acid melts at 157-159°C with decomposition and its

molecular weight has been foimd to be 229.
7. Oxidation with chromium trioxide gives a substance (a keto

acid ?) melting at 88~90°C.

127. Investigation of the constitution of ‘ Artostenone
Part VI. Tautomerism of the double bond in arto-

stenone and its relative position with respect to the

keto-group.

M. C. Nath, Dacca.

1 . Artostenone on refluxing with alcoholic solution of sulphuric acid
(6%) is converted into the isomeric compound a-artostenone.

2. a-artostenone melts at 99-100°, and its oxime has m.p. 193-194°.
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3. Artostenone does not condense with benzaldehyde, whereas flt-

artoatenone forms benzylideno derivative.
4. It has been found that di-hydro artostenone also forms con-

densation product with benzaldehyde.
6. The number of bromine atoms, which enter a molecule of di-

hydro artostenone, by substitution, is three, while it is two in the case of
the unsaturated compound, artostenone.

6. It is suggested that the CO group is at C12 whilst the double bond
is between Cg and On

.

128.

Chemical and pharmacological examination of the roots of
Hemidemnus indicus, Part I.

A. T. Dutt, S. Ghosh, and R. N. Chopra, Calcutta.

The roots are used in the Indian indigenous system of medicine and
are said to act as diuretic, diaphoretic and tonic. The plant is known
as the Indian Sarsaparilla. The roots, collected locally, were found to
contain an essential oil, corresponding to about 0*225 per cent, of the air

dried material, of which about 80 per cent, consisted of a solid crystalline

compound melting at 42*4°C. This was identified as 2-oxy-4-methoxy-
benzaldehyde. The aroma of the drug, originally ascribed to coumarin,
is due to this aldehyde. Two sterols, designated as Hemidtisierol and
Hemidesmol have also been isolated and analyzed. They inch- at 176° and
161°C and show specific rotations of +69*87°C and -f *'>7*0°C respectively.

Besides tlie presence of resins, tannins, etc., the roots show the presence
of a glucoside, further work on which is in progress.

129.

Chemical examination of mango ‘ chep ’ {Mangifera indica).

S. K. Vasistha and Salimuzzaman Sibdiqui, Delhi.

The fresh mango * chop * in liquid condition as well as the semi-solid

mango chep resin have been investigateii. The odorescent principle,

present in the fresh chep, could not bo isolated by steam distillation,

which appears to destroy it. From the dry mango chep a resin (mangi-
feren) C21H34O, a resinous acid (mangiferic acid) C4oHgo04, and a resinol

(mangiferol) C42H72O4, were isolated and studied. Contrary to expecta-
tions, these resinous principles were found to be not alhed to bhilawanol
or anacardic acid. The degradation and oxidation products of mangiferen,
which was more fully investigated, largely brought out their close rela-

tionship to the abietic acid series of resins, and supported the more recent
view of resins being condensation products of isoprene.

130.

The biogenesis of the terpenes and camphors.

K. Gahapathi, Bangalore.

Taking the clue from the relative abundance and the occurrence side

by side of the various constituents of the oils, a theory of the biogenesis

of the terpenes and camphors has been advanced starting from linalool.

The chemical and biochemical aspects have been discussed and the sug-

gested schemes have been shown to accommodate satisfactorily most of

the known facts.

131.

Sesquiterpene ketones, their structure and synthesis.

J. L. SiMOHSEN, Bangor.



76 Abstracts, (42)

132. Chemical examination of the root of Tabermmontan^
cormaria.

P. Pabameswabbn PrLLAY, Trivandrum.

By percolation with cold alcohol, followed by removal of the solvent

under reduced pressure, 7*7% of extractive matter were obtained. From
these, 1*66% of total alkaloids were isolated, which could be separated

into white and yellow amorphous bases which are very easily oxidized

by atmospheric oxygen. There was also present in the extract a crystalline

sterol, a sterol glucoside, palmitic, oleic and linoleic acid and an amorphous
neutral substance.

133. Jute-seeds—Corchorus capsularisy Part IV. A resinous

bitter from jute-seeds. *

N. K, Sen, Dacca.

A resinous bitter has been isolated from the mother-liquor of Corchorin,

the crystalline active principle of jute-seeds (Gorch^rua c%p8vlari8). It

resembles the compound isolated from the see^ by E. Merck for Kobert
for his experiments on animals. When hydrolyzed it yields reducing
sugar and an insoluble aglycone. The paper deals with the structure of

this compound provisionally named Oorcho -resin.

134. Synthesis of new local anaesthetics.

K. N. Gaind and J. N. Ray, Lahore.

Various /5-acyloxy jS-phenyl ethyl amines have been synthesized with
a view to find an ideal local anaesthetic. Solutions of hydrochlorides of
jS-p-aminobenzoyloxy )3-phenyl ethyl methylamine (and related substances)
are stable to boiling emd aire sterilizable. These substances diffuse slowly
and hence can be used without adrenaline to produce anaesthesia lasting

for a fairly long time.

135. A new colorimetric test for novocaine and primary amines.

8. N. Chakravarti and M. B. Roy, Agra.

When primary amines are treated with a solution of paradimethyl-
aminobenzaldehyde in presence of hydrochloric acid, a yellow, greenish
yellow or orange colouration is imme^ately obtained. This reaction can
bo utilized as an excellent test for primary amines and novocaine. This
test should prove to be particularly valuable where a large number of
samples have to be tested for the presence ofnovocaine, an usual adulterant
for cocaine, as this test is not given by the majority of the other usual
adulterants of cocaine and by cocaine itself.

136. Synthesis of arsenic analogue of succinimide.

H. N. Das Gupta, Calcutta.

It has been found possible to condense succinyl chloride with phenyl
dichloro amine to produce Z-phenyl cycle suocinarsine. The structure
assigned to the ring compound was proved to be correct by reducing the
same by sodium and alcohol to a ]toown arsine like phenyl cycle tetra-
methyleno arsine (Grutner and Krause, Ber., 191$, 49, 437). The m.p.
and mixed m.p. of the methiodide derivative was found to be identical
with that from 1 ; 5-dibromobutane.
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137. Benzo-isoquinolines.

B. B. Dby and S. Rajagopalan, Madras.

Isoquinolines with a naphthalene nucleus are not numerous and
attempts have now been made to synthesize these bodies by different routes
and lay down general rules regarding their formation. It is interesting
to note that all attempts to cyclise the aoylated a-naphthyl methyl amines
on the peri-position were uhsuocessful. This experience recalls the diffi-

culty of preparation of isoquinolines from amines of the benzylamine t5rpe

previously recorded by one of the authors.

138. Syntheses of Z-chloromethyl- and Z-a-chloroethyl-iso-

quinolines and their derivatives.

B. B. Bey and T. R. Govindachari, Madras.

These have been prepared from homo-piperonyl amine and chloracetic
anhydride and lactide respectively. The corresponding cyano-methyl
isoquinolines are found to condense with aldehydes to give interesting

st3rrene derivatives. Z-oyanomethyl-6, 7, mothylenedioxy-3, 4, dihydro

-

isoquinolme undergoes a rather curious oxidation with hydrogen peroxide
to the corresponding i-keto-tetrahydroisoquinoline.

139. Synthetical experiments in the paraberine group, Part II.

A synthesis of 3 : 12-dimethoxy-6 : 15 : 16 : 17-tetra-

hydro-17-keto-paraberine.

S. N. Chakravarti and P. L. N. Rao, Agra.

To throw light on the preferential selection of angular structures by
nature, attempts were made to synthesize compounds of the type of
paraberine having linear structures. Attempts to synthesize tetrahydro-
paraberine from (i) dibenzyl-methylamine by the action of formaldehyde
or through formyi derivative and from (ii) ^/-N-benzyl-phenylalanine were
unsuccessful. These results support the conclusions of Perkin and co-

workers on the subject. Attempts were next made to synthesize suitable
dimethoxy-tetrahydro-paraberines as it was thought that these would
be more amenable to synthesis owing to the presence of para-activating
methoxy groups. With this object attempts wore first made to synthesize
3 : 3'-dimethoxy-dibenzyl-methylamine by three different routes. In
first of these methods, m-methoxybenzaldehyde was reduced to the corres-

ponding alcohol 3-3'-dimethoxy-hydrobeuzoin, m.p. 110”C, being formed as
a bye-product during reduction—and the alcohol converted into the bro-

mide by the action ofhydi’ogen bromide. The bromide was then converted
into the cyanide which could be smoothly hydrolyzed by methyl alcohoho
potash to 3-methoxyphenyl acetic acid. 3 :

3'-dimethoxy-dibenzyl-
ketone was prepared by means of the Grignard reaction from the above
bromide and cyanide and also by the distillation of the thorium salt of
3-methoxyphenyl acetic acid. The ketone was converted into the oxime
and then reduced electrolytioally when only a small amount of a basic

substance was formed. In another method 3 :

3'-dimethoxy-dibenzyl
malonic acid, m.p. 186-186°C was first synthesized and then converted into

3 : 3'-dimethoxy-dibenzyl acetic acid m.p. 102°0, from which the corres-

ponding amide was prepared. The amide did not give the desired amine
in good yields when Hoffnann’s reaction was tried. This is being further

investigated.

3 : 12-dimethoxy-6 : 15 : 16 : 17-tetrahydro-ketoparaberine was syn-

thesized in the following manner ;

—

m-methoxy-benzaldehyde and hippuric acid were condensed together

and the azlactone hydrolyzed with *2% sodium hydroxide solution to
j3-3-xnethoxyphenyl-a-ben2oylamino-acrylio acid, m.p. 170®C, in an yield of
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over 90%. The latter acid was reduced to j8-3-methoxy-phenyl* a-benzoyl-

aminopropionic acid, m.p. 144®C, which was hydrolyzed to 3-methoxy-
phenyfalanine, m.p. 216®C, in quantitative yields. The formyl derivative of

3-methoxy-phenylalaninewas converted intoN-formyl-3'-methoxybenzyl-3-

methoxy-phenylalanine, m.p. 1 86-1 88®C, by the action of3-methoxy-benzyl

.

chloride. The formyl compound was hydrolyzed to N-3'-methoxybenzyl-3-
methoxy-phenylalanine, m.p. 228°C, which was converted into N-3'-

methoxy.benzyl-6-methoxy-l : 2 : 3 ; 4-tetrahydroi8oquinoline carboxylic

acid, m.p. 233-235®C, by the action offormaldehyde. This acid, which was
also synthesized from 6-methoxy-l : 2 : 3 : 4-tetrahydroisoquinoline-3-car-

boxylic acid, m.p. 263-264®C, on oyclization with 70% sulphuric acid gave
the keto paraberine only in about 15% yield. The more difficult formation
of the dimethoxy-keto-paraberine compared to the ease of formation of
the dimethoxy tetrahydroprotoberberines lends indirect support to the
conclusions of Perkin and co-workers.

140.

Chaksine.

K. S. Narang and J. N. Eay, Lahore.

Siddiqui and Ahmed {Proc. Ind. Acad. Sci., 1936, 5, 421) isolated the
iodide of an alkaloid from Cassia Absus. Various degradation products of
this alkaloid have been isolated and their structure discussed.

141.

Synthesis of meta-oxazine compounds.

N. W, Hibwe and (Miss) K. D. Gavankar, Bombay.

5-mtrosahoylamide resisted all attempts at condensation with chloral

under usual conditions, but a product was obtained under pressure. The
compound is a meta-oxazine derivative.

It gave an acetyl derivative. On hydrolysis with alkali it decomposed
to 5-nitro salicylamido, chloroform and methyl-amine. On hydrolysis
with strong aqueous ammonia, the ring is opened and 2-hydroxy-5-nitro

-

trichloro amino ethyl benzarnide was obtained. By the action of nitrous
acid it was converted into 2-hydroxy-6-nitro-trichloro hydroxy ethyl
benzarnide, which is a normal condensation product of chloral with 6-nitro-

salicylamide not obtained directly. It can be reconverted into the above
meta-oxazine compound by acetic anhydride in alkaline solution.

142.

Synthesis in the alloxazine, isoalloxazine and lumazine
groups.

K. Oanapathi, Bangalore.

In connection with the work on the chemotherapy of tuberculosis,
the synthesis of a series of compounds of the above groups have been
undertaken.

4 : 6-diaminouracil sulphate (I) condenses with phenylglyoxal
hydrate to give 6- or 7-phenyllumazme, which gives the dimethyl deriva-
tive, m.p. 275®C, with diazomethane. While benzil condenses with (I)
to give 6 : 7-diphenyllumazine, many disubstituted benzils were found to
give only traces of the condensation products. Piperil gives 6 : 7-di
(3 : 4-methylenedioxyphenyl) lumazine in poor yield. Phenylglyoxal
aldoximo ^d also the mono-oximes of benzil, piperil and phenanthiene-
quinone failed to condense with 4-am,ino uracil.

Camphorquinone condenses with (I) to yield 2' : S'^camphorolumazine.
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143. A study of acridine derivatives.

S. J. Das Gupta ani U. Basu, Calcutta.

2-chloro-7-raethoxy acridine containing a dialkylamino alkylamine
side chain in position 5, has been generally found to possess an antimalarial

property. With a view to study the influence of other chain or group on
this acridine ring, certain aoridyl amino antipyrines have already been
prepared (Das Gupta and Basu, Science and Culture, 1937, 2, 685) ; and
now 2-amino-4-phynyl thiazole has been condensed with 2, 6-dichloro-

7-methoxy and 2, 5, 9-trichloro>acridines to give 2-(2'-chlorO“7'-methoxy-

aoridyl) and 2-(2', 7'-dichloroacridyl) amino-4-phenylthiazoles, m.p.
246-47° and 269-70° respectively. They readily form monohydrochlorides
of molecular weight 464 and 468*5. Similarly, 4-methyl-6-hydroxy
ethyl thiazole is being fused with the above acridine derivative. As the
molecular weights of the resulting condensation products lie within the
limit required for an antimalarial drug (cf. Slotta and Behnisch, Ber. 1935,

68, 764) it is expected that the product would be of value.

144. Acridine derivatives. Part I.

K. S. Narang and J. N. Bay, Lahore.

2-methoxy-7-nitro-9-chloro acridine (the numbering followed is that
of the American Chemical Society), m.p. 223°C, has been condensed with
p-toluidine (m.p. 212°C), p-phenetidine (m.p. 182°C), p-amino acetanilide

(m.p. 287°C), n-butylamine (m.p. 106°C) and similar other aromatic,
aliphatic and heterocyclic amines. The corresponding products in each
case have been further reduced to the related amines by anhydrous stannous
chloride in glacial acetic acid. The 7-ammo derivatives have in some
cases been acylated.

These substances crystallize with a large number of the solvent
molecules. In some cases, the substances had to be dried at 150-*200°C
in high vacuum before a correct analytical value could be obtained.

By analogy with prontosil, p-aminobenzene sulphonamide has been
condensed with the parent substance and the product reduced to the
corresponding amine and its antiseptic action against haemolytic steptococci

in vivo and in vitro is being studied.

145.

Studies in the Naphthol AS series. Part II. Fastness to

rubbing.

R. B. Forster, S. B. Ramachandran, and K. Vankataramah,
Bombay.

While the presence of the -CO-NH- group in N-AS leads to increased
substantivity in comparison with /3-naphthol, the various members of the
series differ widely among themselves in respect of their substantivity.

The precise degree of substantivity is largely a function of the colloidal

state of the naphthol solution, which would in turn be presumably a func-

tion of the constitution, although there is no definable relation between
constitution and the known order of substantivity. The common view
that fastness to rubbing runs parallel to the substantivity of the naphthol
lacked experimental verification, not only with regard to the absence of
any quantitative relationship between substantivity and rubbing fa^stness,

but (what is more important from the practical point of view) also in the
sense that an unsubstantive naphthol may lead ultimately to dyeings of
excellent fastness to rubbing. Provided the other stages of the dyeing
process were carried out under the optimum conditions, the vital factor

was the after-treatment.
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In addition to the nitrogen assay method described in Part a more
rapid qualitative procedure for the examination of rubbing fastness is

outlined.

146. Condensation and coupling of methone (5 : 5-dimethyl-

dihydroresorcinol) with some aromatic diamines and
their tetrazonium salts respectively.

B. H. Iyer, Bangalore.

Chakravarti et al {J. Indian Inst. Sci., 1931, 14A, 141) and Iyer and
Ohakravarti {J, Indian Inst. Sci., 1931, 14Af 167 ; 1934, 17A, 41) have

studied the behaviour of methone towards a few aromatic aldehydes

and diazonium salts of aromatic mono-amines. From these data it has

been deduced that methone behaves generally in a mono-keto-mono-enol

form. The azo-dyes obtained from the mono-amines have been fopnd to

be fugitive to cotton but substantive to wool and silk.

Methone has now been coupled with the tetrazonium salts of benzidine,

9-toluidine and o-dianisidine. The coloured substances thus obtained

are being tested for their dyeing properties.

Methone has also been condensed with the above mentioned diamines

and the products described (c/. Haas, «7., 1906, B9t 187 and 387).

147. The action of diazo salts on cutch.

S. R. Ramachandran and K. Venkataraman, Bombay.

Perhaps the most importcmt of the natural colouring matters which
have survived is cutch or catechu, which is cheap and available in large

quantities in this country. The ordinary methods of applying cutch to

cotton, wool and silk in dyeing and printing are well established, but the

use of catechu is restricted to ‘ catechu brown * or ‘ cutch brown ’ on
cotton and to weighting purposes in silk dyeing. The processes now des-

cribed relate to the productions of a larger variety of shades than the

usual browns without impairing the admittedly excellent fastness properties

of cutch dyeings. Many of the natural colouring matters of the flavone,

flavanol and pyran groups contain the phloroglucin nucleus and are there-

fore capable of coupling with diazo salts. Cutch dyeings have now been
treated with an extensive series of dicuco salts leading to a range of bright
and attractive shades ; another advance in the utilization of cutch is the
development of padding processes in which the oxidation of catechin which
hinders coupling with diazo salts is obviated. Two of the factors that
influence the shade obtained from a given diazo salt are the pH of the
developing bath and the quality of the cutch in regard to the relative

contents of catechin and catechutannic acid.

A process not involving after-chroming is to use chromium acetate,
alone or in admixture with sodiiun acetate, in the cutch-padding liquor
ill the diazo solution. The shades are characterized by their brightness.
Some of the browns would be difficult to match by the indigoid or anthra-
quinone vat colours.

Cutch may be employed in conjunction with diazo salts in several
styles of calico printing. The range of colourings from cutch and diazo
saJts in printing is naturally much more limited than in the case of the
arylides of hydrox3niaphthoic cwid, but this limitation is a favourable
factor in so far as a quiet and harmonious colour scheme is automaticaUy
accomplished.

148. Studies in indigoid dyes. Part II.

S. K. Guha, Patna.

The indigoid dyes described in this paper obtained by the condensa-
tion of 6-methyl-3-hydroxythionaphthene (Friedlander, 9, 689 ; Auwers



(47) Section 11, Chemistry

,

81

and Thies, Ber., 1920, 63, 2293) and aliphatic and aromatic aldehydes
respectively have been competred with those of the corresponding 5-

methyl derivatives (Guha, J. Indian Chem. Soc,, 1935, 12, 659). It has
been found that Martinet’s rule {Rev, Qen, Mat. Col., 1921, 25, 17) is

applicable to this series of compounds when one methyl group is present
in the thionaphthene nucleus of the molecule (cf. Acenaphthenequinone
and Isatin Series, Guha, J. Indian Chem. Soc., 1933, 10, 079; 1936, 13,

94 ; Guha and Basu-Mullick, ibid., 1934, 11, 395 ; Guha, ibid., 1937, 14,

240; F.P. 693903 of 14-4-1930, Chem. Zentr., 1931, 102-1, 2944; A.P.
1850758 of 10-12-1930 ; Chem. Zentr., 1932, 103-11, 1374).

2 : 3-naphthoxythiophene (Friedlander and Woroshzow, Annalen,
1912, 388^ 18) and 3-chloro-, 3-bromo-, jS-methoxy-acenaphthene-quinone
respectively produced red-violet vat dyes. (Cf. Schwz. P.P. 107133-35
of 29-3-23; Chem. Zentr., 1925, 96-11, 860; Dutt, Ber., 1934, 67, 1326).
The halogenated products imparted uniform red-violet shades on cotton
from alkaline hydroaulphit<e vat whereas the methoxy compound produced
only light violet shade (cf. 2-thionaphthene-8'-(l '-methoxy, acenaphthy-
lene-indigo, its 5-methyl and 6-methyl derivatives, Staudinger, Goldstein
and Schlenker, Helv. Chim. Acta, 1921, 4, 342 ; Guha, loc. cit.).

149. Dyes derived from thiohydantoin. Part III.

G. P. Pendse, Gwalior.

Thiohydantoin possesses a reactive methylene group situated between
two negative groups. Due to this reactive methylene group thiohydantoin
has been previously condensed with a number of nitroso and iso-nitroso

compounds, resulting in products possessing interesting dyeing properties.

(Pendse and Dutt, J. Ind. Chem. Soc., 1930, 7, 953). In Part II of this

series a number of aromatic aldehydes have been condensed with thio-

hydantoir\ whicii resulted in both acetylated and deacetylated condensa-
tion products. (Narnjoshi and Dutt, J. Indian Chem. Soc., 1931, 8,

211 ).

To complete this series of condensations with thiohydantoin, various
aliphatic and aromatic ketones have been subjected to condensation using
acetic anhydride as condensing agent. Where there are more than one
keto groups, it is foiuid that generally one molecule of the ketone condenses
with one molecule of thiohydantoin. A few acid anliydrides have also

been condensed with thiohydantoin in presence of sulphuric acid, as the
condensing agent. The condensation products have interesting dyeing
properties.

150. 9. lO-phenanthrathiophene-2-thionaphthene-indigo.

P. C. Dutta, Mxizaffarpur.

In this paper 9-phenanthrathiofuran-1.2-dione has been condensed
with 3-hydroxythionaphtheno and the corresponding indigoid dye obtained.
The condensation was brought about by HCl in acetic acid solution of the
constituents in on atmosphere of carbon dioxide. Similar other dyes are
being investigated.

161. 9-thiolphenantlirene and some of its derivatives.

P. C. Dutta, MuzaflFarpur.

Except 3-thiolphenanthrene prepared by Field {J. 1915, 1214) the
other thiolphenanthrenes are not known. So it was deemed interesting
to prepare thiolphenanthrenes especially the 9-oompound, which was
expected to give some thio -indigoid dyes which might be of interest from
the author’s view point of the relation between colour and chemical
constitution.
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Wenier and his collaborators have shown that by the action of
concentrated sulphuric acid on phenantlm^ne three sulphonic acids

—

2 , 3,

and 9 are produced simultaneously. Fieser (J. Amer. Ghem. Soc.. 1929,

2460) later on has introduced a method by which these sulphonic acids can
be obtained in better yields and also in a more pim^ condition. In the

present i)aper the preparation of 9-ihiolphenanthreno and some of its

derivatives—phenanthrene-9-disulphide and 9-phenanthrathiofuran- 1 .
2-

dioue—have hoeii described.

152. Azine dyes derived from 9-phenanthrathiofuran- 1.2-dione.

P. C. Dutta, Muzaffarpur.

9-phonanthrathiofuran- 1 . 2-dione prepared from 9-thiol-phenanthrene

has been (‘ondensed with various ortho-diamines such as o-phenylene
diamine, 2-chloro-4.5-toluone diammo, 2.3-dittTninoquinoxalin, and 2.3-

diaminophenazino to got the corresponding azinos. As has already been
observed, the colour of these azine <lyes deepens as tlie number of azine

rings in the molecule increases.

153. Chemical examination of the fixed oil from the seeds of

(Woion Sparsiflorus, Morung.

K. A. N. Rao and 8. Aravamudhaohari, Annamalainagar.

The seeds of this shrub which grows oxter\sively in South Ar(;ot District

of Madras Pro,sidency, give on extraction with CCI4 , a thick, brownish
yellow oil with an unpleasant taste and odour. The oil which forms 21-4%
of the seeds by weight, raiJidly polymerizes on exposure to air.

Tho physical and chemical cinistants which have been determined
aro as follows :

—
Specific gravity at Sl ’C : 0*9626; Kefractivo Index at 31°C : 1*4775 ;

Saponification value: 195*4; Acid value: 10*1; Iodine value (Wijs)

:

164*5: Roichert-Moissl value: 1*43; Polorisko : 1*03; Unsaponifiable
matter; 2*6% ; Solid acids : <i r,% and Liquid acids : 80*0%.

The oil IS being examined with a view to identify its oonstituoiits.

154. Acidity in butter and ghee,

B. N. Banerjee and N. 8 . Doctor, Bangalore.

Lately the acidity in butter has been tried to bo reduced as low us

possible in a number of ways. Depending on the temporaturii and nature
of souring, tho acidity may vary from 4'^ to 16 ' 111 acid value. During
churning, molting or evaporation a fair quantity of acidity passes into
ghee and this materially alTects tho quality, especially Vitamin A, carotin
bodies, and flavour of ghee. An acid value from 0°*3 to 2°*0 is the limit

that con bo permitted in a sample. A high acid value is very harmful
ill that it acts as a pro -oxidant and very quickly brings about loss of
vitamins and flavour especially when butter or ghee is heated in cooking
operations. Neutralization of acidity of cream, washing of butter, and
electro -dialysis may be performed to reduce tho acidity in butter or ghee
and tlius improve the quality of the same.

155. Use of tintometer in the detection of adulteration of
butter-fat (Ghee) by agar-plate method.

K. Venkata Giri and P. N. Bhabgava, Bangalore.

A new colorimetric method for the detection of adulteration of ghee
has been described. With the help of a Lovibond Tintometer standard
colour units for pure ghee and other oils liave been fixed. The usefulnesa
and the application of tho method have been indicated.
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156. Aroma in butter.

(Miss) R. Kaenad, Bangalore.

During recent years, moi'e and more attention is being directed to

the aroma-producing micro-organisms of butter since these play an
important part in the natural flavour and aroma development in butter.

The identification and estimation of the flavouring substance of butter is

very essential as the market value of butter depends chiefly on its flavour.

The typical butter flavour is duo. in part, to the products of fermenta-
tion in which milk sugar takes a part during the process of souring of
milk. It may also come from the decomposition products of the proteins.

The chemical changes am largely to be traced to the action of enzymes
produced by bacteria.

There is cotisiderable evidence to show that the aroma of butter made
from ripened cream is (diiefly due to small amounts of diacotyl.

Various species of lactic acid bacf/oria were isolated from curds by
plating on whey-agar modi\im. There was variation in the aroma and
flavour produced in milk by different acid-forming types. A new aroma-
producing bactoriiim was isolated which gives a particularly fine butter
aroma and gives a positive tost for diacetyl.

Aroma and flavour development in the milk culture is best at 25-28°C.
in 48 hours. A certain amo\mt. of acid must be present bofom the
maximum flavour is developed. It is particularly interesting to note the
favourable iufluen(*e of yeast extract in improving the flavour. There is

a marketl increase in t-ho production of diacotyl on the addition of 10
per cent, yoast extract. The flavour is also improved by the addition of
small quantities (0*2 per cent.) of citrates. The volatile acidity is not
increased by the addition of citric acid or citrates to tho milk before
inoculal ing the culture.

From the results obtained it can be concluded that the flavour and
aroma are mostly due to diacetyl in tho culture and not duo to free volatile

acids.

The fact that the aroma of the butter culture can bo considerably
improv^ed by the addition of citrates and yeast extract seems to open up
new possibilities in the field of cream ripening for butter-making.

157. Chemical examination of Iridia aloes, aloe vera, ahe, indica,

Royle.

N. N. (tHOSh and R. N. Chopra, Calcutta.

Tlie common aloe found in Bengal and known as aloe vera does not
contain any aloin, the active principle of aloes. It was found to contain
very small quantities of an essential oil, a fixed oil, resin, gums, omodin,
some anthraquinone derivatives and chrysophanic acid. Tho aloe emodin,
which also has some purgative properties, is present in too small a quantity
to be effective in a dose of 1 or 2 tolas of tho juice or pulp. If aloe is

to be administered as a hepatic stimulant and purgative, species other than
the one ordinarily found in Bengal should be selected, since it was found
that tho total extract as woll as other fractions supposed to contain the
active principle failed to produce the therapeutic action of aloes.

158. Chemical examination of the roots of Paris polyphylhh,

Part I.

A. T. Dutt, N. R. Chattbrjbb, S. Ghosh, and R. NT. Chopra,
Calcutta.

Tlie roots were collected from Nepal and the investigation was under-
taken to find out if this Indian species contained any active gluoosides
found in the allied species, P. quadrifolia, analyzed in Europe. The
present investigation showed the presence of about 8 per cent, of cane
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sugar and two glucosides, one crystalline and the other amorphous. The
glucosides resembled Paridin and Pariatyphuiix found in P. quadrifolis and
the amorphous glucoside has been found to possess strong physiological

action. Finther work on the glucosides is in progress.

159. The chemical and pharmacological examination of the

young shoots of Bamhusa arundinacm.

N. N. Ghosh, S. Ghosh, and B. N. Chopea, Calcutta.

The young shoots are used in the Indian indigenous system ofmedicine

for their various therapeutic properties. The shoots examined were found
to contain about 0-03 per cent, of HCN and about 0*23 per cent, of free

benzoic acid. The juice pressed out from the shoots was found to contain

0*027 per cent, of HCN and 0*16 per cent, of free benzoic acid. The full

grown green leaves of the bamboo were found to be free from HCN or

benzoic acid. Aqueous solutions of the alcoholic extracts of thb young
shoots did not show any action against microfilaria and they did not show
any emmenogogue properties. Some of the therapeutic properties ascribed

to it can be explained by the presence of free HCN and benzoic acid. The
other toxic principle besides HCN, as surmised by Moorthy and Stewart
in their recent study, has been proved to be the free benzoic acid, the
concentration being sufficient to explain the antiseptic and larvascidal

properties ascribed to it.

160. Chemical and pharmacological examination of the leaves

of Erythroxylon monogvnum, Roxb.

N. N. Ghosh and R. N. Chopea, Calcutta,

The leaves are reported to have rofrigerent properties and at one
time it was eaten during famine for its property of allaying the pangs of
hunger. The leaves were collected from the Madras Pi-esidency and the
work was undertaken to study the nature and properties of the alkaloids

as well as to find out if it contahis any workable quantity of cocaine or
similar alkaloids. The present investigation showed that the important
constituents are an essential oil and about O'l per cent, of alkaloids. Both
acid and alkaline hydrolysis of the alkaloids gave cinnamic acid. The
alkaloids produced no mydriasis or ansesthesia. A cinnamyl cocaino
has got no therapeutic value and the conversion into the pharmacopoeial
cocaine will not prove to be an economic proposition unless the content of
alkaloids can be improved by cultivation.

161. Fluorometric determination of the acid and saponification

values of lac.

N. N. Muety and H. K. Sen, Ranchi.

Tlie determination of the acid and saponification values of lac and
its constituents is of great importance in a study of its constitution.
Thymol blue haa been used as an indicator in general, but in the ease of
dark-coloured lacs such aa Burma Kusum and saponified solutions of the
ether-soluble resin, this indicator fails to give a sharp end-point, and in
such cases, potentiometric methods have to be employed, but the operation
takes a longer time and the electrodes are susceptible to poisoning.

The orange-yeUow colour of an alcoholic solution of lac changes very
gradually to pink, starting at a low pH. Lac solutions exhibit an orange

-

red fluorescence when exposed to ultra-violet radiation from a mercury
arc. This fluorescent colour of lac solutions changes from orange-red to
green, rather sharply, near about the end-point when titrated with alkali.
The possibility of using this chcuige in the fluorescent colour for the fixing
of the end point of dark-coloured lac solutions has been investigated. It
was found that the method works well with comparatively less dark solu-
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tions, but in the case of very dark solutions, the addition of j8>naphthol as

a fluorescent indicator while titrating with alkali proved very successful.

162. Contribution to the study of the bleaching of lac, Part I.

The action of the chlorine-bleach on the resin con-

stituents of lac.

N. N. Murty, Ranchi.

A study of the chemical changes undergone by the resin constituents

of lac during bleaching with hypochlorite solution has been made.
Bleaching is accompanied by an increase in the acid value and an

apparent increase in the sax)oniflcation value and ester value of lac. On
making tlue allowance for the reaction between the chlorine present in

bleached lac and the alcoholic potash used in saponification, real sapomfica-

tion and ester values can l^e calculated. The real saponification value of

shellac is about 5 per cent, higher than that of unbleached lac, thus
indicating an increase in the carboxyl groups due to oxidative changes
brought about by the chlorine bleach. Aleuritic acid, a constituent of
lac, does not appear to bo affected by the chlorine-bleach. The hydroxyl
number generally decreases slightly on bleaching.

Chlorine enters into the resin molecules, and its content increases

steadily as the lac is progressively bleeiched, while the iodine value decreases
rapidly in the begimiing, and then tends to attain a minimum value. The
chlorine in bleached lac exists only partly as an addition compound, the
excess entering the molecule through suhstitution.

The chemical changes, viz. oxidation and chlorination, are brought
about in the resin molecules almost immediately on the addition of the
bleaching agent, but the changes in the colouring matter, although pro-

ceeding simultaneously, take some time to attain completion. The rate

of absorption of bleach is quicker in poor bleaching lacs than in good
Kusum lac, and is further enhanced by employing a higher temperature
and lower pH.

When bleached lac is allowed to remain in the alkaline solution,

after all the hypochlorite added has been consumed, the following changes
take place, the extent of these changes depending upon the duration,
temperature and pH ;

() The chlorine content decreases, the iinsaturation increases due
to splitting off of HCl and the colour of the bleached lac

tends to return.

() The acid value increases due to hydrolysis, consequently the
ester value decreases.

(c) The saponification value appears to decrease slightly due pro-
bably to the splitting off of carbon tUoxide from the carboxyl
groups or duo to removal of some acid constituent of lower
molecular weight during washing.

A slower rate of attack on the resin molecules by a gradual addition
of the bleaching liquor gives a product which is loss prone to become
insoluble than a rapidly bleached product. Higher alkalinity of the
bleaching liquor and other conditions which bring about hydrolysis give a
bleached lac which will have a longer life, but which will have the dis-

advantages of high acid value and poor colour.

163. Contribution to the study of the bleaching of lac, Part II.

Factors which influence the keeping quality of bleached
lac.

M. N. Mubty, Ranchi.

1. The life under heat of bleached lac giv^es an indication of its
keeping quality only in the case of extremely bad or good samples.
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2. Heat and/or acid treatment of lac shortens the life of the bleached
lac obtained therefrom.

3. Too rapid an addition of the bleaching liquor, or addition in one
lot, is not conducive to the long life of bleached lac. After such treat-

ment, however, the life of the bleached lac can be improved at the sacridce
of light colour by allowing it to remain in the alkaline solution for a con-
siderable time and then carrying out the precipitation.

4. Higher concentrations of soda used in dissolving the lac act favour-
ably on the keeping tpiality of bleached lac, but unfavourably on its colour.

5. The use of acetic acid for precipitation, at least towards the end
of neutralization, helps in prolonging the life of bleached lac.

6. Pi'ccipitating of the slightly basic side improves the keeping
quality of bleached lac.

7. Washing bleached lac precipitate with hot (especially boiling)
water leads to poor keeping quality and deterioration in the colour of
bleached lac.

^

8. Storing bleached lac in a cool place (below 10®C.) preserves both
colour and solubility.

9. The higher the chlorine content in bleached lac, the faster does
esterification take place in the varnish prepared out of that lac.

164. Considerations on the chemical constitution of shellac

based on unsaturation.

M. Venitgopaian and H. K. Sen, Ranchi.

The separation of shellac into two distinct fractions by tlie treatment
of solvents leaves no doubt as to the mechanical nature of the product
known as shellac. It is curious, however, that the proportion of hard
rosin to soft resin is practically constant in almost all the samples of
shellac so far examined. The variation in this ratio is so negligible that
one would be tempted to postulate some cliemical combination between
hard and soft resins. As far as the present knowledge goes, the assumption
of auxilliary valenides is all tliat can be put forward, but basing an analogy
with lignocellulose, the adsorption or paltization of hard resin in the
comparatively fluid medium of soft resin docs not appear unlikely. Mole-
cular weight determinations based on the lowering of the ra.p. of camphor
indicate that the mutual presence of hard and soft resins is only mechanical.
Artificially prepared mixtures of soft and hard lac resins in the proportion
of 30 : 70 respectively have given the same lowering of the m.p. of camphor
as by an equal quantity of shellac. The molecular weights of the hard
resin complex and that of the soft resin are such that the calculated value
of the molecular weight of shellac and the experimentally found value
agree very well. The agreement pei-sists also if an indirect method of
determining the molecular weight by the implications of any group or
groups existing in shellac is taken into consideration. Thus if the iodine
value of shellac is taken to bo 14 and if in the whole complex the existence
of one double bond is promised, then the weight of the complex is 1814.
Similarly, the weight of the complex of hard resin is about 2,000 on the
evidence of 13 being its iodine value. Tlie iodine value of soft resin is
approximately 18, from which a molecular weight of the complex is cal-
culated to bo 1,410, but the molecular weight determination gives the
value of 460 only, showing thereby that the soft lac resin itself is probably
a mixture of three component portions mechanically mixed, only one of
which is the unsaturated member. The total picture, therefore, of a
shellac complex is this : the hard lac portion of a molecular weight of
about 2,000 admixed with soft lac resin composed ofat least tl^e molecular
species the sum of the molecular weights of which is about 1410. The
very important work of Gardner and his collaborators on the separation
of Celiac into different fractions by solvents lends additional support to
this view.
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Whilst the constituent acids in the soft resin are being examined,
some progress as to the conception of the chemical structure of hard lac

resin has been made from the proportion of aleuritic acid available from
it. Aleuritic acid (trihydroxy palmitic acid) does not exist as such in this

complex, but as externally or internally condensed esters and others.

So far, aleuritic acid to the extent of 30% of hard lac has been isolated

by the hydrolysis of the latter. If we assume, that at least one molecule
of aleuritic acid has entered into condensation with some other unknown
complex by the elimination of 1 mol. of water, the molecular weight of

hard lac should be - X 100 or 1029 which is half of that obtained
28

by the melting point depression method. To reconcile this, one has to

assume that the molecule of hard lac resin is composed of two aleuritic

acid moloi’ules, the undetermined complex having a molecular weight
of 7432. It has to bo assumed also that the unsaturation in the hard
resin is located somewhere in this undetermined portion, with this dis-

tinction, however, from ils position in the soft resin that it forms part of
a whole complex, and not that it exists in a member separate from the

total complex.
The nature of the linkage between aleuritic acid and the undeter-

mined complex has not yet been definitely established beyond the fact

that the carboxyl group of aleuritic acid esterifies a hydroxy group of the
undetermined complex. But there is reason to believe that some of the
(OH) groups in aleuritic acid are held m ether linkage with the undeter-
mined complex. The main ground for this supposition has been the
isolation by Venugopalan and Sen and Thakur, Bhowmik and Son of
auto-condensation products of aleuritic arid whore, besides esterification,

other linkages had tfi be postulated to account for free acid and saponifica-

tion values—a conjecture which was further proved by the determination
of acet yl values in these auto-condensation products.

165. Studies on the constitution of shellac, Part II. Conden-
sation of aleuritic acid.

A. T. Thakur, T. P. Bhowmick, and H. K. Sen, Eanchi.

The auto-condensation of aleuritic acid in presence of dry HCl has
been studied with the result that complexes with foui* to nine molecules
of the acid in ester linkage have been isolated. The higher members arc
Solid, melting and softing below 80°C. It is expected that by allowing
the condensation to proceed further, resins of higher melting points could
be produced.

Similar auto-condensation products by the simple heating of aleuritic
acid (Venugopalan and Sen) have been isolated which have certain
improved physical and chemical properties.

The authors perceive in these auto-condensations, the mechanism of
the biological production of lac on the host trees through the catalysis of
enzymes.

166. On aleuritic acid.

P. C. Mitter and P. C. Dutta, Calcutta.

The formula CH20H(CH2)60H0HCH0H(CH8)7C00H has been
ascribed to aleuritic acid, an important constituent of shellac from
analytical data. The object of this work is to verify this constitution by
actual synthesis.

<u-phenoxy-pentamethylene bromide was condensed with ethyl sodio-
acetoacetato giving ethyl-<»>-phenoxy-2-acotyl-n-heptylate (B.P. 180®C/3
mm.). The sodium derivative of this substance was condensed with the
chloride of the half-ester of sebacic acid giving ethyl-cu-phenoxy-ll-
aoetyl-ll-carbethoxy-lO-keto palmitate which on hydrolysis gives to-
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phonoxy-lO-keto palmitic acid, m.p. 90°C (semicarbazone m.p. 136®*137°C).

It is proposed to convert the ketonic acid into co-phenoxy-A ® hexade-

cenoic acid by the method of Robinson and Robinson 1925, 127 ^

175). On dephenoxylation and treatment with potassium permanganate

or perbenzoic acid it is expected to give aloiiritic acid,

167. Recovery of insoluble lac as ester-gum.

A. K. Thakxjr, T. P. Bhowmick, arid H. K. Sen, RAnchi.

Due to accumulation of shellac at the consuming end, a certain amount
of accumulation of stick lac is bound to happen at the producing end.

The element of speculation further plays important part in determining

the period of storage of stick lac. There is deterioration on storage.

The utilization of lac thus damaged or rendered insoluble is, therefore,

a most important problem. *

The ordinary methods of reconditioning of damaged lac do not appear

to have so much prospect from the commercial point of view, as the

direct conversion of such lacs into a technically usable product. The
j)aint and varnish industiy appears to be a more possible channel for the

consumption of damaged lac than any specialize<l industry, where the

quality of shellac is a determining factor of its use. Accordingly a sample
of damaged insoluble lac was first acetylatod by heating for 3 hours in an
excess of acetic anhydride at the boiling temperature of the reagent.

The resulting acetylatod product was either freed from the excess of acetic

anhydride and then further treated with glycerin, or in the boiling solution

glycerin was added in requisite quantity and the rec^overy of acetic

anhydride effected by distillation. The residue obtained was a viscid

liquid having a free acid value— as low ns 7. This product is completely

soluble in alcohol, ether and other industrial solvents. On boiling in

linseed oil in presence of a drier like cobalt linoloaie at 200'’C. for 1 hour,

it makes a varnish of good drying quality and film hardness. Its use as

a plasticizer is being investigated.

168. Extraction of waste lac by alcohol.

M. Rangaswami and H. K. Sen, Ranchi.

Further experiments on the extraction of waste lac with a view to
determine, under laboratory conditions, the rates of filtration, recovery of
solvent, quality of lac obtained, etc. have been undertaken with the result
that under suitable conditions, the extraction of Kiri has been found to
be a profitable industrial process. The erection of a pilot-plant is under
consideration. A preliminary fermentation of waste lac or treatment
wdth a saturate<l sodium chloride solution ren^Ws the siibsequent filtration
easier. W
169. Development of transparent and water-resistant shellac

varnish. !

M. Ranoaswami, Raikchi.

Previous studios on wax-free shellac varnisn films indicated that the
removal of wax from shellac resulted in a film which, though transparent
and somewhat water-resistant, lacked the flexibiliW and adhesion of original
shellac film. Some plasticisers like tricresyl plvsphate were found to
overcome this defect in a large measure but the^lms obtained from so
plasticised shellac were found to be more affecte^ttby water as a result
of plasticising. The defect, however, was overcome py the introduction of
urea, thio-urea or sulphur monochloride in the plajjlillised products. Thus
weather-resistant varnishes have been developed having suitable adhesion
and flexibility.
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170. The use ofjj-tolyliodochloride for determining the unsatura-

tion of shellac.

M. Venugopalan, H. K. Sen, and S. C. Dey, Ranchi.

P-tolyliodochloride being a more active halogenating agent than iodine

monochloride, the possibility of using an acetic acid solution of this

reagent in place of Wij’s solution for determining iodine values has been
studied in great detail and it has been found that quite reliable figures

could be obtained for unsaturated fats and oils and for shellac and rosin,

if this method is adopted under specified conditions. Tolyliodocliloride

being a more reactive substituting reagent than iodine inonochloride,

somewhat higher figures for iodine absorption with the former reagent

are usually obtained on account of some substitution besides the addition

of the double-bond taking place and a correction has to be applied for

arriving at the absorption figure due to addition only. It has also been

found that a mixture of 90 parts of tolyliodochloride reagent with 10

parts of a solution of iodine in acetic acid results in a more reactive reagent

than the solution of tolyliodochloride alone and iodine absorption values

could be obtained in 15 minutes as compared with 1 hour required with

Wij’s solution and 18 hours in the case of Hubl method.

171. Mycobiology of
j
ute-stacking.

Chittaranjan Rabat and G. C. Das Gupta, Calcutta.

The jute yams ofcommerce are not homogeneous, and it is the common
practice, in order to make it approximately so, to cut out the bottom
ends of the same, and after proper dressing and moistening, stack them
in heaps, when some biochemical changes take place, the temperature of
the stack goes high and remains so for several days, and when the yam ends
become softened and loosened to the desired extent, they am taken out
and worked. A marked acidity, part of which is steam-volatile, also

develops in the meantime. The period of stackmg depends upon the
humidity and temperature of the atmosphere to a great extent and there-

fore varies according to the season. The whole process is generally

controlled by experience.

Bacteriological examination of the softened specimens reveals the

presence of a group of symbiotic bacteria presumably of the nature of
cellulose fermenting organi8m.s described by Sen and Das Gupta {J. Indian
Chem. Soc., 1934, IJ, 853), €W3 well as a mould, supposed to be Aspergillus

Fumigatus (Fres), previously discovered by Finlow {Memoirs of the Deptt.

of Agriculture in India, 1918, 5, 36). The isolation of these various
organisms and their action on pure cellulose as well as jute fibrns am being
studied with a view to adequately control the above process of
jute-stacking.

172. A comparison of the properties of lignin as obtained from

(1) the market, (2) from jute-fibre, and (3) from rice

straw.

S. S. Guha Sircar and J. M. Sen, Dacca.

In Part I of the investigation it is shown that all the throe lignins

(obtained by a modification of Willst&tter method) contain methoxyl,
hydroxyl and methylenedioxy groups, but in different proportions. They
can be methylated and acetylated by the usual reagents. It is shown that
jutet-lignin presumably is formed by the polymerization of 4 units of a
molecide like coniferyl alcohol or aldehyde and have a molecular weight
of about 780, whereas rice-straw lignin apparently contains less methoxyl
than is needed on such an assumption regarding its constitution. Com-
mercial lignin seems to be somewhat differently constituted.
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In Part II the degradation of jute-lignin according to Freudenberg’s
method (1937) ip doscribed and similar products, viz. veratric, veratroyl

formic and iso-homipinic acids are isolated. Under other conditions

proto-catochuie acid and catechol are found. These observations support
an aromatic constitution.

In Part III phenol-lignin obtained from jute is described. It is

analysed for C, H, and mothoxyl and from an analysis of its Ba salt a
molecular weight of about 1010 is indicated.

Further work is in progress.
173.

The detection and estimation of degradation in cotton,

Part II. The distinction between oxycellulose and
hj^drocellulose.

B. B. Fokstek, S. M. Kaji, and K. Venkatabaman, Bdmbay.

Tests for <listinguishing between acidic or hydrolytic degradation and
oxidative degradation of cellulose have been submitted to fresh scrutiny.

The basis of the known tests is the carboxyl content of oxycellulose and its

consequent affinity for metals. All, including a new variation in which
copper retained by oxycellulose is detected by means of rubeanio acid,

wore only applicable to oxycelluloses of copper number higher than 0*5

prepared under alkaline conditions. Scholl (1911) showed that degraded
cotton in presence of caustic soda was capable of reducing indanthrene
yellow to the blue vat ; taking advantage of the solubilisation of oxy-
cellulose by c‘austic soda solution, the reaction could be utilized for dis-

tinguishing between oxycellulose and hydrocellulose and was applicable to
every typo of oxycellulose. An interesting feature of the combined ac'tion

of vat (lyes and boiling alkali on cotton was that even celluloses with
very small copper number (0*1 — 0*2) were dyed pale shades without the
addition of hydrosulphite. The copper number was not increased there-

by, the aldehyde group of the terminal glucose miit apparently functioning
in the active form.

With regard to coupling power with diazo salts, hydrocelluloso
resembled normal cellulose rather than oxycellulose and this made available
a new method of distinction. From this point of view the possibility

that in oxycelluloses of the type which coupled readily with diazo salts a
secondary alcoholic group to the aldohydic or carboxylic group has been
oxidised to the carbonyl must bo considered.

174.

Recent work on alcoholic fermentation. (A discourse).

Sir Arthur Harden, London.

175.

Mechanism of acetic acid fermentation.

K. P. Basu and Md. Abdul Quadbr, Dacca.

The action of 18 dyestuffs on the oxidation of ethyl alcohol and acetal-
dehyde by B, Orleanese and B, Acetic have been stuched.

It is shown that the dyestuffs which have powerful toxic action are
basic in character. The acid dyestuffs cause relatively small or no in-
hibition.

The dyestuffs have a more powerful toxic action on the oxidation of
aldehyde than of alcohol, thus showing that one enzyme oxidises alcohol
to aldehyde while another oxidises aldehyde to acetic acid, i.e. two separata
enzymes are involved in the two stages of oxidation of ethyl alcohol to
acetic acid.
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176. A micro-organism from rotten potatoes.

H. K. Sen and G. C. Das Gupta, Ranchi.

A new t3T3e of facultative anaerobic bacillus has boon isolated from
rotten potatoes, the optimum temperature and hydrogen ion concentr-
ation for reaction being 42^~4.3°C. and 8 respectively. It can ferment
starch, all pentose and hexose sugars as also glyfjorin very readily.

The products obtained by such fermentation can be grouped \mder two
heads.

(1) Liquid products consisting of alcohol, formic, acetic, lactic and
succinic acids, acetone in small quantities and still smaller quantities of
acetyl methyl carbinol.

(2) Gaseous products consisting mainly of carbon dioxide and
hydrogen.

The bacillus seems to belong to the same genus as Bacterium aceto-

ethylicum and Macerans, but is defilnitoly a different spocics. The main
difference in its cultural charactoristics from the other two are the
following :

—

() It is non-motile, whereas the other two are motile.

() It ferments galactose and laovulose both under anaerobic and
tverobic conditions with either peptone or ammonium salts as
the source of nitrogen. Bacnllus Macerans cannot ferment
galach'so and laevulose at all.

(c) It differs also in the quantity, if not entirely in quality, of
fermentation prodinds, producing non-volatile acids such as

lactic and succinic acids forming about 20-28% of the
total sugar. Smaller quantities of acetone and acetyl

methyl carbinol are also amongst tho products of fermenta-
tion. Tlio organism is found as rods 2--4x Ig occurring
singly, (no chains), non-motile, having spores to one side

measuring l*5--2x Ig gram positive.

177. Studies on the enzymes of the seeds of Butexh frondosa,

Part I. Proteolytic enzymes.

N. R. Chatterjee, S. Ghosh, and R. N. Chopra, Calcutta.

The seeds are said to possess definite anthehnintic action, specially

against ascaris. The report that a proteolytic enzyme present m P^icus

laurifolia is the anthelmintic principle of the juice led the authors to look
for enzymes in Butoa seeds. Tho present investigation has shown that
the seeds contain a proteolytic enzyme which appears to bo omptio in

nature. It hydrolyses peptones and casein but does not act on egg albumin
or on fibrin. It liquefies gelatin. It acts best in a slightly alkaline

medium but whether this is significant enough to explain the action on
worms in the intestine caiuiot be asserted. Tho optimum tomporatui-o

seems to be near about 40°C. Hydrocycuiic acid is fomid to have a
definite activating influence on this enzyme.

178. Studies on the enzymes of the seeds of Buteu frondosa,

Part II. Lipolytic enzyme.

N. R. Chatterjee, S. Ghosh, and R. N. Chopra, Calcutta.

The seeds were found to contain a lipolytic enzyme in addition to tho
proteolytic enzyme reported earlier. Its action has been studied on sub-
strates like olive oil, castor oil and rape seed oil and it acts on all of these
equally well. The lipase seems to act best on a slightly alkaline side and
shows an optimum temperature of about 40®C. The aqueous extracts of
the raw seeds as well as the defatted seeds act equally well.
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179.

Isolation of j8-3 : 4-dihydrox3rphenylalanine from the seeds

of Mucuna pruriens.

Manayath Damodaban and Eaghaviah Eamaswamy, Madras.

j3-3 : 4-cUhydroxyphenylalamne, an amino a«id of great physiological

interest on accomit of its relationship on the one hand to adrenaline and
on the other to the animal pigments known as melanins, has been isolated

from the seeds of Mucuna pruriens in yields amounting to 1*5% of the
raw material.

Two new crystalline derivatives suitable for the identification of the
amino-acid have been prepared, viz. the hydantoin and the picrolonate.

The behaviour of the substance towards reagents usually used in

the detemnination of other biologically important substances with
analogous reducing properties has been investigated. It is shown that

dihydroxyphenylalanine does not interfere in the usual methods for

determining ascorbic acid but is likely to do so in the estimation of thiol

compounds by reactions involving the \iso of phospho-18-tungstic Cbcid.

It is shown that the substance is stable under the usual conditions of
acidic hydrolysis of proteins, so that, if present in proteins, it should be
poftsible to isolate it from such hydrolysates.

180.

Proteins of Indian vegetables, Part I. Drumstick.

Y. V. Sreenivasa Eau and V. Eanganathan, Bangalore.

Drumstick contains 17 per cent, protein calculated on the total

nitrogen basis. Prolamine and globulin have l>een isolated according to
standard methods and the total yield of those does not account for even
50% of the total nitrogen. This suggests that it may be due to (1) the
jjresence of proteolastic enzymes, or (2) high percentage of non-protein
nitrogen. These points are under investigation.

The prolamines and globulins have been analyzed according to the
Van Slyke’s procedure. The prolamin is characterized by a very low
content of amide N and a high basic N, while ordinarily the prolamines ere
characterized by a high amide nitrogen content (about 20 to 22% expressed
in teims of total N) and a low basic nitrogen content (about 5 to 8% of
total N).

181.

Biochemical investigation of some species of Bengal fish.

Extraction and chemical analysis of the proteins from
Euhee (Lobeo Eohita) and Hilsa (Clupea Ilisa),

K. P. Basu and H. N. De, Dacca.

The percentage of total nitrogen extractable by different solvehts is

96*4 in the case of Ruhee and 93*0 in the case of Hilsa.
In both the cases the maximum amount of protein is extracted with

2% salt solution.

From Ruhee, water extract—32*4%, salt extract 6*2%, 76% alcohol—3*2% and 0*2% alkali 55'6% of total nitrogen are obtained ; the corres-
ponding values for Hilsa are 26*8%, 9*9%, 3*2% and 63*7% respectively.

The nitrogen distribution of Ruhee and Hilsa Globulin and glutelin
has been determined by the method of Van Slyke as modified by Plimmer
and Rosedale.

Tyrosine and tryptophane contents of the proteins have been deter-
mined by the colorimetric method of Folin et at. Tryptophane contents
of both Hilsa and Ruhee proteins are equal. Ruhee glutelin contain
more tyrosine than the Hilsa glutelin.

Ruhee fish proteins contain more sulphur containing amino acids
than the Hilsa fish proteins.
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Addition of Z-cystine to a Hilsa diet at 5% level causes growth,
which in its absence is incapable of promoting any growth.

182. Action of dyestuffs, potassium cyanide and octyl alcohol

on the metabolism of amino-acids in liver and kidney
tissues and with liver extract.

K. P. Basu and Md. Abdul Quader, Dacca,

Both in the case of d-amino acid deaminase and /-amino acid

deaminase basic dyestuffs act as poison while acidic dyestuffs are practi-

cally without any effect. Hence the active group in the dehydrogenase
is acidic in nature. Probably the active group in all tlehydrogenases is

acidic in nature.

/•amino acid deaminase and d-amino acid deaminase are two distinct

enzymes. KCN and octyl alcohol inhibit the oxidation of /-amino acids

only, thus confirming the results of Krebs.

183. De-amidising action of proteolytic enzymes, Part I.

Experiments on natural proteins.

Manayath Damodaran and V. P. Ananthanarayanan,
Madras.

The isolation of asparagine (Damodaran, 1932) and of glutamine
(Damodaran et al. 1932) from enzymic digests of proteins has given direct

demonstration of the existence of amide groups in the protein itiolecule.

But before any conclusions of a quantitative nature can be drawn as to

the origin of the ammonia which is an invariable product of protein

hydrolysis, it is necessary to have more oxarst information on the deamidis-
ing activity of the proteolytic enzymes than is at present available. Such
information was in the first place necessary to enable a proper choice of
enzymes and conditions of experiment to be made so that hydrolysis of

protein could be effected with the least amount of decomposition of the
ammonia yielding complexes. Secondly it was hoped that a comparative
study of the liberation of ammonia from proteins and from synthetic

substrates might provide analogies from which the nature of the pre-

cursors of ammonia in the former might be inferred.

In the present paper the results of quantitative experiments on the
action of pepsin, trypsin, erepsin and papain on three typical proteins,

viz. casein, edestin and gliadin are described. It is shown that the three

animal proteases exc^rt no appreciable deamidising action during digestion

of proteins, •the ammonia formed being unconnected with enzyme action

and having its origin most probably in secondary decompositions of protein

cleavage products in the acidic or alkaline media employed. Papain
on the other hand has either a definite deamidising action or contains a
constituent which has such action.

184. De-amidising action of proteolytic enzymes, Part II.

Experiments on synthetic substrates.

Manayath Damodaran and E. K. Narayanan, Madras.

The formation of ammonia by the aetion of pepsin, trypsin, erepsin

and papain on the following substrates were studied
: glycino-amide,

leucine amide, asparagine, glycyl asparagine, chloracetyl asparagine, d-

leucyl-asparagine, d/-leucyl-asparagine, anhydro-glycyl-asparagine.

Purified erepsin was found to act on the amide groups of glycine-

amide, leucine-amide, asparagine and chlorocetyl-asparagine though
much more slowly than on the peptide bonds in dipeptidos. It would
appear from this that the specificity relations of peptidases are not so

strict as much recent work especially of the Willst&tter school has tended
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to show, being more of a quantitative than a qualitative nature.

In keeping with this view is the fact that the peptide bond in ohloracetyl-

asparagine is split by erepsin contrary to accepted views on the mode of

a(jtion of this enzyme. Papain showed a slight but definite de-amidising
action on glycine-amide and leucine-amide.

185. The non-protein nitrogen (N.P.N.) of milks.

Kamala Bhagvat, Bangalore.

The N.P.N. from cow’s and ass’s milks havt? been prepared and
subjected to Van Slyke’s analysis. The results do not show any striking

differences in composition of the two N.P.N. fractions.

An independent estimation of tyrosine, arginine and urea has been
carried out .

Attention has been drawn to the three typos of role which the N.P.N.
will possibly play in the nutrition of animals.

18(i. On orystallization of the globulins from P. aconitifolius

Jaoq.

Kamala Bhaovat, Bangalore.

(Vystalline globulins have been prepared from aconite bean by the

methods of dilution and Am2S04 saturation. The three preparations

thus obtained wei-e tested for purity and their tyrosine and tryptophane
contents determined. The different preparations show some difference

in their total nitrogen and tyrosine contents.

187. T. The chemical composition (Van Slyke) of the proteins

and the biological values (according to balance sheet

method) of Fenugreek, Lathyrua sativus, Sorghum vulgare

and Eleucine coracana. IT. Phosphorus in vegetable

proteins.

Y*. V. Skeenivasa Rau, Bangalore.

It was reportt'd in the Proceedings of the Indian Acnderng of Sciences,

Vol. I, No. 2, August, 1934, that tlie globulins from Lathyrus sativus pre-

pared by different methods contained varying amounts of phosphorus.
Further fractionation of the globulin has shown that the phosphorus in
the globulin is present only as an impurity and not in organic combination.

188. Solubilizing action exerted by proteoclastases on the
proteins of pulses.

V. Ranoanathan and B. N. Sastbi, Bangalore.

In the course of a study of the di^stibility of the pulse proteins in
their natural environment, it was found that pepsin exerted a remarkable
solubilizing (and hydrolytic) action on the proteins, while trypsin did not
exert any marked influence. The extent of action exerted on different
pulses is different and appears to bear a relation to the digestibility of the
protf'ins. This observation explains the need for treating the proteins
first with pepsin and subsequently with trypsin in the in vitro procedure
for studying the digestibility of proteins.
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189. Glyoero- and pyrophosphatase systems of plant and animal
tissues.

K. Venkata Giri, Bangalore.

The phosphatase activities of several plant materials were measured.
In oil seeds the enzyme concentration is much greater than in seeds rich
in proteins and starch. The ratio of the activities of pyro- and glycero-

phosphatases present in a large number of seeds vanes widely from one
plant to another. This ratio is found to be always higher than one in the
case of plant materials, and less than one for the system existing in animal
tissues. The experimental findings load to the conclusion that the two
phosphatases are non-identical.

190. The chemical composition and the enzymic content of

Indian honey.

K. Venkata Girt, Bangalore.

The analysis of a large number of samples of pure Indian honey have
boon made for the purpose of purity detonninations in order to set standards
by which the purity of honey couhl readily be ascertained. The analytical
figures for sucrose, glucose, la‘vulost*, ash, moisture, acidity, diastatic

number and phosphatase activity for pure samples have boon determined.
It has boon found that there exists a correlation between thi' fermentation
and <liastatic number and phosphatase activity. The evaluation of
honey and its susceptibility to fermentation on the basis of its phosphatase
content is discussed.

191.

Studies in the nutritive value of Indian foodstuffs. I.

Enzymic digestibility of Bengal gram (Oicer arietinum

Linn).

V. Eanoanathan and B. N. Sastri, Bangalore.

Previous work on the digestibility of the proteins, is largely confined
to the isolated proteins. The present study relates to the study of the
nature and extent of the digestion accompanying the treatment of the
whole meal by peptic followed by the tryptic and (U‘optic en/ymes. The
amount of non-basic nitrogen fraction in the peptic digests is low (14*6%)
while the basic fraction is remarkably high (83‘3%). The corresponding
figures for the tryptic digests are 47' 3 and 47' 6 respectively. The arginine

content of the peptic digests is 49*6% w'hilo that of the tryptic* digests is

20' 6%. Th<^ <*oinplcxity of the digests as determined by the ratio total

nitrogen : amino iiitrogoi) is about 7 : 1 in the case of peptic digests while
t ho factor for tryptic cligests lies between 1 and 2:1.

192.

The state of ascorbic acid in plant tissues.

B. C. Guha, J. C. Pal, and P. N. Sbn-Gupta, Calcutta.

Evidence is provided in favour of the view that part of the indophenol
reducing substance (ascorbic acid ?) in cabbage is present in a combined
form, from which the reducing substance is released by heating. Alcoholic

and ethereal extracts of cabbage also show this behaviour. There is a
difference in the reducing value obtained after cold and hot treatments of
cabbage suspensions and extracts with hydrogen sulphide. Further,

chloroform extracts of cabbage, which do not reduce the indophenol
indicator, do so after heating and the reducing substance thus produced
disappears in large part on treatment with ascorbic acid oxidase.
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193. Effect of vitamin C, glutathione and cysteine on the

growth of certain micro-organisms.

B. C. Guha and G. C. Das Gttpta, Calcutta.

It has been found that vitamin C, glutathione and cysteine in very

small concentrations have a marked stimulating effect on the growth of

the fungi

—

Aspergillun niger, A. Oryzce^ A, flavuSf Saccharomycea cereviaice

and S, ellipaoideua in a synthetic medium. On the other hand, there

seemed to be an inhibiting effect on the growth of bacteria like B, coli,

B. subtilia and Aerobacter cterogenea. The problem is being further

investigated.

194. Relation between vitamin C and plant phosphatases.

K. Venkata Giri, Bangalore.

The effect of vitamin C either alone or in presence of various other

substances on the enzymic splitting of phosphorus compounds has been
studied with the purified enzyme from sprouted soya beans. It has been
found that the oxidation of vitamin C by metallic catalysts like copper and
other oxidising agents brings about the inhibition of the activity of phos-

phatase. The inhibition by vitamin C—Cu complex is entirely annulled

by the presence of glutathione, cysteine, cystine, H2S and other mducing
agents, KCN and sodium hydrosulphite. The hydrolysis of pyro -phos-
phate by the enzyme is less affected by vitamin-Cu complex than that of

glycerophosphate hydrolysis. This difference in the behaviour of pyro-

phosphate hydrolysis has been found to be due to its stabilizing action

on the vitamin against catalystic oxidation. Dehydroascorbic acid either

alone or in presence of cupric salt has been found to have no influence on
the activity of the phosphatase. Enzymic oxidation of vitamin C does
not influence the activity of the phosphatase.

Evidence is given to show that the inhibiting action of vitamin C
is due to the iiresence of traces of Cu in water and in the reagents used for

the experiments and that the antiparalysing action of thiol and disulphide
compounds is due to the protection of the vitamin against oxidation by
metal catalysts. The opposite actions of vitamin C and glutathione and
other compounds suggest a possible means by which the action of phos-
phatase may be controlled in plant life.

195. Vitamin content of mangoes.

B. N. Banbrjee and G. B. Ramasarma, Bangalore.

The vitamin A and C content of mangoes is interesting in many
ways. In addition to the nutritive value, an assay of the vitamin content
enables us to judge the quality of the numerous varieties that are grown
in India. The effect of grafting, pollination, climate, soil, manures and
weather conditions, humidity and rainfall has been investigated. The
vitamin content is very variable, and depends to a certain extent on the
variety, time of plucking, and stage of ripening. A few varieties are very
rich in vitamins A and C. Some are very rich in vitamin C only and are
well suited for preservation in the form of pickle, the vitamin value being
richer than lemons or oranges. Sour and fibrous types of mangoes are
not fit for table use but can be used for pulp drying.

196. The preparation and properties of polysaccharides from
vibrio cholerse and relat^ organisms.

R. W. Linton, D. L. Shrivastava, and S. P. Mookbrji, Calcutta.

The important discovery of Heidelberger and Avery (1923) that car-
bohydrates are responsible for the type specificity and virulence of pneu-
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raococci, stimulated a considerable amount of research into the poly-
saccharides of many other bacteria. Linton and his co-workers have been
making an intensive study of the immunochemistry of the vibrios during
the last five years. Recently specific polysaccharides have been prepared
by growing vibrios in suitable media for 72 hours at 37®C. and then working
with the filtrate of such cultures* which contain the active polysaccharide.
During the whole course of preparation the use of alkalis* mineral acids

and other similar drastic means of purification have been scrupulously
avoided. The type of medium used has been foimd to have a profound
effect on the quality and the quantity of the polysaccharide isolated.

The polysaccliaride preparations thus obtained are free from proteins,

phosphates, glycogen and starch. They give strong Molisch tests but
do not reduce Benedict’s solution until hydrolyzed. They have great
serological activity and even when diluted over 10 million times still give
strong reactions with the homologous antisera. They contain nitrogen
and are highly acetylated. The importance of these two points is dis-

cussed in Qio paper. The probable importance of a lipoid constituent
has also been mentioned.

These new preparations have given rise to many interesting and
important lines of work, which are being followed up.

197. Effect of jpH, temperature and chemicals on the activity

of the proteolytic enzymes in snake venoms.

B. N. Ghosh and M. L. Kundu, Calcutta.

The hydrolysis of proteins and peptones by a number of snake venoms
has been studied imder various conditions. It is observed that the pH
at which the proteolytic enzymes in snake venoms exhibit their optimum
activity, depends to a cert-ain extent on the nature of the substrate used.

Thus, with gelatin and egg albumin as substrates, their optimum activity

is at pH 8*2 while with casein as substrate their optimum activity is at

pH 7*0 or pH 7‘2. The activity of the proteolytic enzymes is inhibited

by the addition of chemicals like KCN, HgCl2 , H2S to the substrate

solution. The maximum hydrolysis of the proteins takes place in the
neighbourhood of f)0"C. It appears from these experiments that the pro-

teolytic enzymes present in the snake venoms studied are either identical

with or very similar to tr3rpsin.

Industrial Chemistry

198. Mechanism of hydrogenation in a continuous process.

8. K. K. Jatkar and V. T. Athavale, Bangalore.

In continuation of the previous work, the kinetics of hydrogenation
in a continuous process wore studied by taking into account considerations
based upon mass law. The velocity co-efficient at any temperature
generally rises with an increase m rate, but in the case of some of the
catalysts, the rise could be accounted for by the adsorption factors.

A study of the rate of change of velocity with temporatui'e shows
tliat there are four temperatures at which the velocity abnormally changed
with a change either in the catalyst or in the oil. These temperatures
are 126°C, 150°C, 175'’C and 200°C respectively.

The effect of a change in the composition of the oil was studied by
hydrogenating cotton seed, groundnut and olive oils. It was noted that
whatever be the catalyst or the oil the velocity at 160®C is considerably

high in all the oases, while at other temperatures it rises or falls depending
on the catalyst and the oil used.

For cotton seed oil, though the initial velocity coefficient-temperature

curve is quite smooth, an analysis of the oil shows that velocity of hydro-
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genation of linolein gives a maximum at 125^0, a minimum at 150^0 and
then increasing values up to 200*^0. The olein on the other hand shows a
mimmum at 125°C and a maximum at 150*^0 and comparatively high
value at 180°C. Analysis shows that linolein hydrogenates straight to

stearin at 200®C.
Consideration of the apparent heats of activation for diiferent tem-

peratures has brought forth the following results : (1) The major portion
of the activity of a catalyst is due to the presence of two active centres of
nickel, each having a temperature of maximum reaction. These tempera-
tures are 1 35°C and 1 75°C respectively. Out of these two, the centre having
a maximum at 135^0 has got a specific affinity for linolein while the other

has got a specific affinity for olein, (ii) olein (independent of the active

centres) reacts faster at 160“C than at other temperatures, (iii) super-
imposed on this is the activity due to activation of hydrogen. The
activation of hydrogen is at its maximum at 110° while at 200° the solution

of hydrogen is probably the only factor present.

Hydrogenation of a single substance like ethyl oleate showed two
maxima at 160°C and 176°C respectively in the velocity coefficient-tempera-

ture curve, and confirmed the conclusions given in (i) and (ii) in the laist

paragraph.

199. Use of arsenious oxide as an opacif3dng agent in lead

glasses and the manufacture of China glass in India.

Atma Ram and Lal C. Verman, Calcutta.

Arsenious oxide, when added to glass batch to the extent of about
4% produces dense white opacity in high lead glasses. For tho develop-
ment of a proper degree of opacity, the molten glass should be allowed to
cool very slowly from 700°C. If the resulting glass is suddenly cooled,

very little opacity is developed. This opaque glass has been used as a
decorative enamel for glass bangles. Cyrolite does not appear to be the
proper opacifying agent for preparing such enamels. Addition of 0*1%
of antimony oxide to the glass batch appreciably improves the gloss of
the enamelled design. These glasses are somewhat similar to phosphate
opals and appear to be of the ‘ emulsion type ’. The possibilities of the
manufacture of ‘ China Glass ’, an imported milk white glass used in the
Indian glass bangle indiistry fur decorating the bangles, are discussed.

200. Chemical examination of Indian pyrolusites in relation to
their use in dry cell manufacture.

D. S. Naidu and G. D. Joglekar, Calcutta.

The paper deals with a study of the relationship between the chemical
composition of pjnrolusite ores mid the electrical characteristics of cells

prepared from them.
The results of analysis of a number of pyrolusite ores of Indian and

foreign origin, and also of an artificial manganese dioxide are given.
The electrical characteristics of cells, prepared with these different

pyrolusite oi*es and their admixtures with artificial manganese dioxide,
under standardized and accurately controlled conditions, are measured
under constant temperature emd humidity conditions.

The electrical characteristics indicate that apart from chemical
composition, water of hydration, which is present in varying proportions
in these ores, plays an important part in determining their suitability
as depolarizers.

The output of cells containing natural ores con be improved by
admixing small proportions of artificial manganese dioxide which is com-
paratively rich in its water of hydration content.
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The depolarizing action of Indian pyrolusites.

Chittaranjan Babat and P. Sen Gupta, Calcutta.

The depolarizing action of natural pyrolusites, appears to depend
upon their chemical as well b» physical compositions. On examination
of various samples of natural pyrolusite as well as of fresh and exhausted
dry cells, J. Meyer and R. Kanters (Z. anorg. u. allg. Chemicy 1930, 185,

177) found that natural pyrolusites contain, besides MnO and Mn02»
varying quantities of Mn20g and Mn804 , and during the process of cell-

discharge, the dioxide present is never reduced below the stage of Mn208 .

This, combined with the fact that Caucasian pyrolusite and certain syn-
thetic Mn02» o.g. ‘ Manganit * (supplied by Messrs. Nikolas Branz of
Germany), have greater depolarizing action than specimens with higher
Mn02 and lower Fe and Cu contents, led us to believe that the superior
activity of the two previously named specimens is due to some special

form of manganese oxide that possibly acts as an oxygen carrier. Investi-

gations are being carried out with a view to determine this constituent
as well as to assess the values of Singhbhum and other local varieties of
pyrolusite, according to the methods described by the above authors, and
to compare their compositions with those of authentic specimens of
Caucasian and synthetic pyrolusites. The results, though tentative,

reveal striking features, which, if properly utilized, may reasonably be
expected to enhance the quality of the local ‘ Dioxide Ore ’ to a remarkable
extent.

202.

Some properties of Indian bentonites.

D. R. Mitba and A. Reid, Digboi.

The chemical and physical properties of seven Indian bentonites are
discussed and contrasted with those of a treated American bentonite.
Of the seven, four are believed to be true bentonites ; the others are sub-
bentonites. Three are mixtures of alkali and alkali-earth bentonites
while the American one is a true alkali bentonite. The fourth is a calcium
bentonite readily converted to the sodium form by base exchange. With
one exception the Indian seunples give very stable suspensions at low con-
centrations. The exception is the calcium bentonite which on base
exchange gives very stable suspensions, pH values of these suspensions
vary with time but eventually become constant. Six of the samples
pass the suggested MgO test for bentonite ; the other, the calcium bentonite,
easily passes after base exchange treatment. Thixotropy is developed to
a varying extent by suspensions of the bentonites in water, that of the
calcixim bentonite being greatly enhemced on conversion to the sodium
form. The samples show varying degrees of efficiency in increasing the
viscosity of drilling fluids, none of them approaching in effectiveness the
American product. The Indian bentonites can possibly be improved by
suitable treatment and a few possible commercial uses are suggested.

203.

Investigations into the suitability of some clays for

activation.

J. L. Sabin and I. S. Kuokbbja, Lahore.

A number of clays from the Fimjab have been studied with regard

to their suitability for refining vegetable oils. In agreement with the
statement in literature we found that earths with a dehydration curve

(200®~600®C.) approaching a straight line are better suited for the purpose.

The optimum temperature and time of heating the dehydrated earth

with HCl (10%) are 110®C. and 12 hours respectively. Further work
is in progress.
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204. The manufacture of chromates from chrome-ion ore.

V. T. Athavale and S. K. K. Jatkae, Bangalore.

In continuation of the previous work on reactions in a chromate
furnace, it has been found that the oxidation of the chromite occurs

necessarily through the formation of the intermediate compoimd which
requires the addition of the basic oxide in the ratio of 1 : 1*5 for Or : Ca.

The previous data on the formation of sodium, calcium and magnesium
chromates also indicate the formation of the compound 9RO . 4Cr08 . Cr203
corresponding to 33*3 per cent, decomposition of the original chromate,

in good agreement with the results obtained in the decomposition experi-

ments In practice calcium oxide in the ratio of Cr : Ca -= 1 : 1*6-1*9

is used depending upon the percentage of Cr208 in the ore and the tempera-
ture of oxidation. Addition of larger quantities of CaO is recommended
when the temperature is above 1100° because the intermediate com-
pound formed at this temperature is 17CaO . 6CrC)*j . 2Cr203, the •ratio of
Cr : Ca corresponding to this compound being 1 : 1-7.

The intensity of reaction between mixtures of chromates and car-

bonates to form intermediate compounds increases in the order: calcium,

strontium and barium, and in fact barium carbonate can be used in pre-

ference to calciiun carbonate in the process of chromate manufacture.

205. Wetting agents in textile processing. Part II. Methods
of estimation.

E. B. Forster, I. S. Uppal, and K. Vbnkataraman, Bombay.
The Herbig-Evans apparatus for detennining wetting power has been

modified, eliminating possible changes in the interval between immersion
and hydroextraction and enabling the estimation of wetting power at
temperatures up to 100°C. Using the new apparatus the wetting power
of a series of commercial products and the influence of factors such as
temperature, concentration and time of immersion were studied.

Analytical methods for estimating the active agent present in a given
textile auxiliary have been examined. Processes based on the solubility

of fatty alcohol sulphates and sulphonates in alcohol and on salt foi-ma-

tion with aromatic bases such as benzimides were alike unsatisfactory for

certain substances. A titrimetric method using benzidine hydrochloride,
in conjunction with the study of solubility relations, is under investigation.

The reaction described in Part 1 (J. Soc, Dyers Co/., 1937, 5,?, 91)
has been extended to other fatty acids and aromatic amines. Substances
with properties improved in certain directions (solubility in water, wetting
power, ability to disperse calcium soaps) have been obtained. For the
purification of the condensation products, their solubility, both as free
sulphonic acids and as sodium salts, in metheuiol and the higher alcohols
was utilized.

206. Trisodium phosphate as a textile auxiliary.

F. F. Dabbary, S. E. Eamachandran, and K. Venkataraman,
Bombay.

Working with a commercial brand of the substance containing about
99% of Na8P04, I2H2O, the utility of trisodium phosphate was examined
as a water softener (for textile purposes), in addition to the kier for the
boiling of undyed and coloured materials, as a substitute (partially and
completely) for caustic soda in naphthol imprejgnation baths (e.g. in their
application to wool and silk), in the hydrosufphite reduction of vat colours,
and as a reagent (by itself and in admixture with soap, soda ash and
wetting agents) for the after-treatment of cotton dyed with the insoluble
azo colours. In relation to these processes, the properties of the substance.



(67) Section II, Chemistry, 101

such as solubility in water at different temperatures, alterations in moisture
and carbonate cont-ent on storage, behaviour towards hard water, inter-

facial tension between the aqueous solutions and organic solvents, and
wetting power as indicated by the flotation and Herbig number tests, are

recorded.207.

The recovery and use of agricultural wastes. Part II.

G. Eamarao, Bangalore.

The shelling of cashew nuts in an indigenous industry of India. India
imports about 28,000 tons annually from Africa and exports the finished

nuts to America. This paper deals with the destructive distillation of the
partially biu’iit shells. Valuable products have been obtained and their

yields studied.

208.

Utilization of myrobolan.

S. R. SxjNTHANKAR and S. K. K. Jatkar, Bangalore.

We have examined the fatty oil from the myrobolan kernel. The
following are the various constants of the oil which forms 36 per cent, of
tho kernel : sp. gravity — 0*9132, refractive index = 1*4700, sp. rotation =
—0*120°, saponification value = 190*2, acid value ~ 3*4, iodine value
= 105*1, Hehiier value—insoluble fatty acids = 96 per cent., and un-
saponifiablo matter = 1*15 per cent.

A study of the composition of the mixed fatty acids showed that the
oil consists of 58 per cent, of olein, 24 per cent, linolein and 18 per cent,

saturated glycerides.

209.

Industrial utilization of tho grass and leaves from Vetiveria

Zizanoide^ Stapf.

J. L. Sarin and B. S. Gotta, Lahore.

Large quantities of this grass (locally known as panni grass) are foimd
in the Punjab, about 60 to 70 thousand maunds being available in the
Hissor District alone every year. Possibilities of utilizing this grass, at
present a waste product, for the manufacture of paper have been investi-

gated. The yield of dry pulp on the weight of the grass is from 25 to 30
per cent. The paper obtained appears to be of good quality. Further
work is in progress.

An important bye-product obtained from the roots of this grass is

the vitivert oil. The yield obtaine<l is 0*3 to 0*4%. The constants of the
oil as determined show that the oil compares favourably with the superior
Java oil in quality.

210.

Preparation of saponin from Sapindus muJeorossi Gaertn
(Soapnuts).

J. L. Sarin and M. L. Beri, Lahore.

A method for the extracjtion of saponin from soapnuts has been worked
out which gives chemically pure saponin in good yield. It consists in
refluxing soapnut-shell powder with ethyl acetate for 3 to 5 hours. After
allowing to settle for some time ethyl acetate is drawn off. Three extrac-
tions with this solvent were found to be sufficient. The ethyl acetate
extract is then distilled and the pale yellow residue left behind yields
saponin on refluxing first with ether sulphuric, and then with benzene.
The commercial possibilities of the process ore being studied.
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211.

A solvent extraction method for winning sandalwood oil.

A. Nagaraja Rao, Cawnpore.

Ethyl alcohol has now been employed very successfully as a solvent

in the winning of sandalwood-oil from sandalwood. A simple method
of utilizing the ethyl alcohol even for the recovery of oil from oleo-resin,

after having used the same solvent during the first stage of the winning
of the oleo-resin from sandalwood, has now been very successfully worked
out by the author by treating the latter with alcohol of suitable con-

centrations. It has also been observed that the oil obtained by this

process is in every way superior to the oil obtained by the previous methods
hitherto employed in the industry.

212. A study of the ‘ true ’ and ‘ apparent * colloids in molasses.

A. Nagaraja Rao, Cawnpore.

The author has attempted to determine the ‘ true ’ and the ‘ apparent

'

colloids present in cane-sugar molasses from the carbonation and the

sulphitation factories. While a mere lowering of the viscosity of molasses
brought about by dilution brings about the separation of the ‘ truly

’

insoluble matter in molasses, a carefully controlled dialysis is necessary to

determine the total amount of ‘ apparent colloids ’. Tho nature of the

colloids isolated from molasses under these different conditions is sub-

jected to a detailed examination so os to yield a correct insight into their

nature, which would ultimately enable the whole process of clarification

in the cane-sugar industry to be worked out more completely.

213. Studies on the action of solvents on Indian coals.

R. K. Btjtta Rov, Calcutta.

The action of solvents namely benzene, tetralin and pyridine on
Indian coals under prwsure has been studied and the function of various
factoi’s concerning the process of extraction has been discussed. A com-
parative study between the properties of original coa ' and the residual

coal after extra<;tioii has been made. The tetralin extract has been
resolved into solid bitimien and oil bitumen and tho important role played
by them in the formation of cokes has been studied. Further, individual
bitumen has been resolved into its constituent parts—some definite

compounds have been obtained and attempts have been made to get a
clue as to the structure of coal and its best industrial applications.

214.

Influence of rate of flow on the formation of ozone.

R. Krishnan and S. K. K. Jatkar, Bangalore.

The ozonisor consists of two double walled pyrex vessels with an
annular space of about 4 mm. connected in series and operated by the
ordinary single phase balanced windings of the Neon Sign Transformer.
Experiments were made to study the yield of ozone for various rates of
flow of oxygen.

The curve showing the yie*d for various rates of flow is of the asymp-
totic form. It is however found that for a particular rat© no ozone at
all is formed.

For the same rate of flow the yield of ozone is less when two ozonisers
are used in series than when a single ozonizer is used, but with an increased
rat© of flow the yield in the two ozonisers in series is slightly greater than
in the single one.
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216. Equilibrium in electrodeless discharge.

S. K. K. Jatkar and N. B. Bhatt, Bangalore.

The action of high frequency electrodeless discharge in hydrogen has
been studied at low pressures in pyrex and quartz tubes. The general
nature of the clean-up phenomenon observed in hydrogen has been found
to agree with the observations of previous workers and the results obtained
show that the gas is first adsorbed on the walls of the tube, forming a
mono-molecular layer on quartz surface, from which it can partly be
recovered by subsequent heating. Further loss of the gas is found to be
due to formation of water vapour by its action on silicon dioxide. The
water vapour is found to be dissociated to the extent of 70 per cent., by
the action of the discharge.

Under the same conditions as in the case of hydrogen, oxygen dis-

appeared in very small amount, if at all, by a discharge through it and
no ozone was found to have been formed.

Carbon dioxide was found to dissociate to the extent of 25 per cent,
when it was dry and free from impurities. In presence of adsorbed
hydrogen the dissociation seems to occur to the extent of 75 per cent.

216. Dielectric constants of mixtures of alcohol, benzene and
water.

S. K. K. Jatkar and (Miss) Nagamani Shama Rao, Bangalore.

We have developed a simple, single circuit for measuring the tlielectric

constants at different frequencies, using quartz oscillators whoso fre-

quencies were determined with great accuracy. In the case of ethyl
alcohol water mixtures, the nature of the graph showing the plot of
dielectric constants of the mixtures against composition indicates the
existence of complexes : (1) EtOH . IH2O, (2) EtOH . 2H2O, and (3) EtOH

.

3H2O, and confinns the conclusion arrived at in the study of the con-
ductivity of pure soaps in mixtures of alcohol and water carried out in

our laboratory.
The dielectric constants of mixtures of isoamyl alcohol and benzene

show a break in the curve at a composition corresponding to the forma-
tion of the complex 1AmOH . 5C6He. The refractive index and dispersion

of the mixtures also support the formation of the complex. The velocity

of esterification in mixtures of isoamyl alcohol and benzene is also a mini-
mum at this composition,

217. Oxidation of hydroxylamine sulphate and hydrochloride

by means of potassium permanganate.

C. C. Shah and N. V. Dhakan, Baroda.

In the reduction of nitric acid to ammonia, hyponitrous acid has
been considered as an intermediate product {Jour, Fhys, Chem,, 1926,

30* 1222), But it has been shown by Partington and Shah {Jour. Chem.
80c.

f

1931, 2071) that hyponitrous acid cannot be reduced to ammonia
though it can be oxidized to nitric acid to a certain extent. Leaving out
nitrogen, hydroxylamine should be the first reduction product of hyponi-
trous acid. In order to elucidate this behaviour, experiments have been
conducted to study the oxidation of hydroxylamine by potassium per-

mang^ate.
The course of the oxidation of hydroxylamine by potassium per-

manganate in neutral solution can be represented by the following

equations :

—

5(NH20H;)2H2S04+ 4KMn04 = K2S04+4MnS044* 2KNO2+2N2O + 2N2
+2OH2O

6NH20H.HCl+2KMn04 = KCl+2MnCl2-fKNO2+N2O+N2+ 10H2O.
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In acidic solution, the course of the oxidation is represented by the

following equations :

—

5(NH2OH)2H2SO4-M0KMnO2+10H2SO4 = 5K2SO4+10MnSO4 + 8HNO3
•4-^2“!”

IONH2OH . HCl + lOKMnOg + 20HC1 = lOKCl + 10MnCl2 + 8HNO3 + Ng
+ 26H2O.

The course of the oxidation is dependent on the concentration and
the pH value of the solution. Temperature has little effect on the course

of reaction.

It appears from the results so far obtained that the velocity of the

oxidation reaction is very small.

218. Formation and properties of pol5riodid6S.

M. D. Avasabe and A. M. Tbivbdi, Baroda.
«

(i) Phase rule study of the system ammonium iodide—-iodine-carbon
tetrachloride at 30°C. showed the formation of a compound ammonium
tri -iodide (NH4I8 ), as confirmed by quantitative examination.

Treatment of an aqueous solution of ammonium iodide of definite

concentration with iodine results in the formation of ammonium penta-
iodide—a very hygroscopic and unstable compound.

(ii) A detailed study of the solubilit5
’’ of iodine in aqueous solutions

of potassium, ammonium and sodium iodides shows that (a) potassium
tri-iodide, ammonium tri-iodido and sodium tri-iodide are only formed
when the salt solutions of concentration range 0*06M to 0*7M per litre

approximately, are employed
; (6) potassium heptaiodide, ammonium

hoptaiodide and sodium heptaiodide are formed when the concentration
of the alkali iodides, is between 4M and 5M per litie approximately ; and
(c) there is also evidence to indicate the fonnation of potassium penta-
iodide, ammonium pentaiodide and sodium pentaiodide over the alkali

iodide concentration range 1*8M to 2*8M per litre approximately.
(iii) A pndiminary investigation on the reactivity of iodine in presence

of alkali iotlides, in a system containing iodine, alkaJi iodide, acetone and
water has shown that the iodide is held by the alkali iodides with fairly

strong molecular forces.

219. Investigations on hyponitritosulphates.

C. C. Shah and N. V. Dhakan, Baroda.

Pure potassium hyponitritosulphato has boon successfully prepared
and its chemical reactions have been studied. The following equations
I'epreseut the course of its spontaneous decomposition :

—

K2S05N2 =:K.^S04+N20 (I)

K2SO5N2 - K2SO8+ 2NO (2)

The course of the reaction has been foimd to depend on the con-
centration, temperature and the pH value of the solution. In ordinary
air, the solid salt decomposes, mainly according to equation (1). An-
hydrous carbon dioxide has no effect upon the s^t. In saturated water
vapour, the salt decomposes rapidly into sulphate and nitrous oxide.
The aqueous solution of the salt is unstable and decomposes according to
equation (1). All kinds of acids decompose the salt in the same way, i.e.

in accordance with equation (1), but alkalies appear to have a stabilizing
infiuence on the salt.

In acidic solution, potassium hyponitrosulphate is neither oxidized
by common oxidizing agents such as potassium permanganate, iodine,
bromine, sodium bromate, hypoiodite, hypobromite, etc., nor reduced by
reducing agents such as stannous chloride and hydrochloric acid, sodium
bisulphite and hydrochloric acid, zinc and acetic acid, etc.
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In alkaline solution, potassium permanganate and sodium hypo-
chlorite oxidise it with the formation of potassium sulphate and nitric

acid ; all the nitrogen does not, however, got converted into nitric acid,

some of it escapes as nitrous oxide.

By the action of alkaline reducing agents a very small amount of

ammonia is formed and a variety of products such as hydrazine, potassium
sulphite, Bulphato, etc. are detected in the reduction products.

The results obtained so fax’ show that the hyponitritosulphuric acid,

probably exists in two forms :

HO.SO2.NO : N.OH (1)

HSO3.N.ON.OH. (2)

Sodium and ammonium hyponitritosulphates and the double salts

of zinc, cobalt, manganese, cadmium, silver and barium have also been

prepared.

220. Studies in salting out effect.

M. D. Avasare and C. B. Patel, Baroda.

In the studies on the salting out of iso-amyl alcohol, iso-butyl alcohol,

aniline and o-toluidine from aqueous solutions by different salts it has
been found that the hydration of a salt in solution is largely responsible

for its salting out power, lii addition, the xona resulting from the salts

are also found to exhibit specific salting out power. Kations and anions

are assigned a definite order with respect to their salting out capacity,

viz. :

Na*>K->Lr>NH4; Ba-*>Ca '; and Cl'>Br'>N0'3

The salting-in of aniline and o-toluidine by ammonium nitrate is

attributed to the formation of on additive compound between the solute

and the salt.

221 , Composition of boiled oil.

M. Goswami and A. Saha, Calcutta.

Conjugated double bonds in linseed oil got rearranged when boiled

under commercial conditions in presence of catalysts. This view was
advanced by one of us in Science and Culture (1935, i, 183) and has now
been experimentally confirmed by actual determination of Dien value as

defined by Kaufman and Baltes (Felte, U. Scifen, 1936, 93). Manganese
oleate, nickel oleate, nickel rosinate have been used as catalysts and the

Diene values have been determined.





SECTION OF GEOLOGY

President D. N. Wadia, M.A., F.G.S., F.R.G.S., F.N.I.,

F.R.A.S.B.

General

1. The structure of the Shall ‘ window ’ near Simla.

W. D. West, Calcutta.

The Shall window is located immediately north-east of Simla. Two
tectonic units occur, (1) an overlying slightly warped sheet composed of
rocks of the Chail series, probably Pre-Cambrian in age, and (2) an under-
Isdng folded series of rocks comprising the Shali series, Madhan slates,

and Tertiary bods (Eocene and Miocene).
The two units are separated by a plane of marked discordance.

Thus whereas on the south side of the window the Chail series rest directly

on Tertiary bods or Madhan slates, on the north side they rest on the
lower part of the Shali series. In the interval, 4,000 feet of rock have
disappeared.

That severe disturbance has occurred along the plane of junfition of
the two units is clear from the presence of small recumbent folds and
thrusts in the uppermost rocks of the lower unit. Further, not only are

the Chail series definitely older than the rocks that come below, but their

grade of metaraorphism is distinctly higher.
It is concluded that the rocks above the discordance have been

forced many miles to the south along a nearly horizontal thrust piano
over younger autochthonous rocks during post-Mioceno times. Sub-
sequent denudation has removed the overlying rocks and revealed the

younger rocks beneath. The plane of discordance has been termed tho

Shali thrust. It must continue beneath Simla, and very probably joins

up with the Giri thrust near Kandaghat.

2. Post-Siwalik thrusts in the Punjab sub-Himalayas.

H. M. Lahiri, Calcutta.

The paper records the occurrence of two parallel thrust-faults observed

by the writer, one along the south-west base of the Siwalik range north

of Bupar where the Sutlej debouches on the Hosliiarpur and Ambala
plains and the other at the foot of tho Nalagarh hills about fourteen miles

to the north-east of the former. As the result of the first of those, the

Tipper Siwalik rocks north of the Sutlej are seen pushed over the horizontal

Oldbr Alluvium of the Indo-Gangetic plain. The age of this thrust is

sub-Keoent at the oldest. The Nalagarh thrust is probably somewhat
older, with brecoiated Nahan (Lower Siwalik) rocks thrust on almost

undisturbed Upper Siwalik boulder-gravels and clays of the dun area to

the south-west. This thrust is of especial interest as, at places, the

Nahan beds are seen to have travelled over the boulder-gravels for con-

eiderable distance from the base of the hills.

( 107 .)
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3. Preliminary account of the Shaksgam expedition,

Karakoram Range.

J. B. Auden, Calcutta.

An expedition under the leadership of Mr. E. Shipton, and including

H. W. Tilman, M. A. Spender, topographer, and J. B. Auden, geologist,

crossed the Karakoram range in May, 1937, by the West Muztag pass and
descended into the Sarpo Laggo valley. From here topographical mapping
and geological traverses were carried out along the Shaksgam river and
over the Aghil Ranges northwards to the Yarkand river. After returning
to the Sarpo Laggo valley, the Crevasse glacier, first found by
Younghusband in 1889, was explored up to its head, a distance of about
30 miles from the snout. A return was made by Auden in August over
the Karakoram watershed and down into the Punmah glacier. Part of
the Shaksgam and Sarpo Laggo valleys had already been examined by
the geologist Desio during the Spoletto expedition of 1929.

A syncline of probable Jura and Cretaceous rocks and undoubted
Permo-Carboniferous occurs along the Shaksgam and southern Aghil
ranges. Below the Permo-Carboniferous and extending northwards to

the Yarkand river and the Kun Lun, and southwards into Baltistan,

there is found a series of dark phyllites, grey-wackes and quartzites, with
subordinate limestones. Rod beds occur along the Zug Shaksgam and
Surkwat rivers, and may be equivalent to tho Tisnab series of DeTerra
(Lr. Carboniferous).

Contrary to what Auden bolioved in 1933, he now considers it prob-
able with Desio, that the highly metamorphosed schists, granulites and
marbles which are found near Askole and up the Biafo glacier are Palaeozoic

in age, and contemporaneous with the less metamorphosed rocks of the
Palaeozoic sequence of the Aghil ranges. Tho metamorphism may have
developed during the Tertiary along zones where the compressed geo-
syncline was forced downwards into levels of higher isogeotherms and more
intensive granitization.

Post-Carboniferous granites and lamprophyres have invaded Permo-
Carboniferous and older rocks, the latter being particularly piovalent
just north of the peak of K2.

The late Cretaceous and early Tertiary volcanic suite of Dras and
the Burzil valley extends over a considerable part of the Deosai plains.

4. An outline of the structure and tectonics of Peninsular
India.

M. 8. Krishnan, Calcutta.

The structural trend-lines of Peninsular India, which are the directions
of the major fold-axes, are the following :

—

1 . The Eastern Ghats strike (N.N.E.-S.S.W. or N.E.-S.W.) extending
from the Shillong Plateau to near Madras where it gradually swings round
into the Nilgiris with an E.N.E.-W.S.W. trend.

2. The Godavari strike (N.W.-S.E.) seen along the Godavari and
Mahanadi valleys and in the Bastar State and the neighbouring parts of
the Central Provinces.

3. The Satpura strike (E.N.E.-W.S.W.) found over southern Bihar
and the northern parts of the Central Provinces.

4. The Aravalli strike (N.E.-S.W.) prevalent over Rajputana and
Northern Bombay. It is probably continuous with the Western Ghats
down to Cape Comorin, but with a change in direction (N.N.W.-S.S.E.).
Parts of Hyderabad and Mysore belong apparently to its area of influence.

The Peninsular structural lines—those of Aravalli, Satpura and
Eastern Ghats—are frequently found in the Sub-Himalayan region.
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The most important faults which have affected the Peninsula are :

—

One along the western coast and the other along the Mekran-Baluchistan
coast ; those along the courses of the Narbada and the Tapti ; the Great
Boundary Fault of Rajputana separating the Upper Vindliyans from the
older rocks ; the Ellichpur fault ; one along the southern margin and
possibly another along the northern margin of the Shillong Plateau ; those
bordering the Cuddapah basins on their concave margins : the trough
faults which have let down the Qondwanas into the ancient rocks and
which are distributed along three linear tracts, viz., the Damodar-Son,
the Mahanadi and the Godavari valleys.

5. Pleistocene glaciation in north-western India, with special

reference to the erratics of the Punjab.

A. L. CoTTLSON, Calcutta.

After considering the distribution and nature of occurrence of the
long-debated erratics of the Punjab, it is concluded that if, as Cotter has
suggested, a catastrophic flood was responsible for bringing them to their

present positions, then that flood took place before the final dismember-
ment of the Indobrahm. It is suggested that the erratics more probably
were transported by floes, breaking off from the snouts of glaciers and
remaining urnnelted sufficiently for the erratics to reach their present
positions by floating down a quiet lake. Later earth movements took
place which wore responsible for the final dismemberment of the old
Indobrahm and caused the Indus to find a new course through the Attock
and Kalabagh gorges.

By comparing the evidence of Pleistocene glaciation near the Pir
Panjal and in Hazara, it is obvious that the Pir Panjal must have received
its major elevation after the main glaciation had occuiTed. Thus the
general statement that there is no evidence of glaciation in the Himalaya
and Sub Himalaya below 6,000 feet must be discounted in view of the
fact that elevation of these ranges has occurred after the main glaciation.

Attention is drawn to the possible part-glacial origin of certain boulder
beds in the Siwaliks, as exemplified by the Bain boulder bed, considered
by Morris to be derived from the melting of an ice tongue which extended
eastw'ards from the highlands of Waziristan in late Pliocene to Pleistocene

times. Record is made of the recent discovery by the author of two
possible and one doubtful artefacts from the Bain boulder bod near Akbari
in the Dera Ismail Khan district of the North-West Frontier Province.

6. The mid-Palaeozoic land-bridge of Kashmir.

D. N. Wadia, Calcutta.

The Palaeozoic sequence of North-West Himalayas contains a long mid-
Palacozoic break from Devonian to Middle Carbonifei'ous, the hiatus

representing a more or less uninterrupted land period in N.W. Punjab,
Hazara, Kamah and Gilgit region, as far north as tho Pamirs. At the

commencement of the Upper Carboniferous also, terrestrial conditions

prevailed in Kashmir supporting a land flora of Lower Gondwana type,

up to Lat, 34° 30'. There was no Uralian Ice Age in Kashmir, it being

replaced by a long and intense local volcanic period. The Punjab-Kashmir
land-mass must have served as a land-bridge between Angaraland and
the future Gondwanaland, affording a route for the migration of terrestrial

vegetation just prior to, and in the earlier stages of, the Gondwana period.

In South-East Kashmir and in the Spiti Himalayas, on the other

hand, there is a continuous and conformable marine Palssozoic succession

from the Cambrian to Permian, the unconformity beginning to appear

west of Long. 74° 30'.
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7. The structural significance of a fault in the upper Bhima
series (Vindhyans) between Honhalli (Lat. 16° 44' 65'',

Long. 76° 26' 10''), Makhtapur (Lat. 16° 45' 30^ Long. 76°

49' 50"), and Radewadgi (Lat. 17° 4', Long. 76° 47' 30")

in the Bhima basin in Gulberga district.

C. Mahadbvan, Hyderabad (Deccan).

The classification of the pre-Cambrian sedimentation in the Bhima
basin into a higher and a lower group is not arbitrary but there are strati-

graphic reasons to support it.

A well-defined fault about 50 miles long has been traced running
roughly east to west between Honhalli and Makhtapur, with a north
to south trend between Makhtapur and south of Radewadgi. Besides
affording clear evidence of the time-lag suggested by Bruce Foot between
the Lower and Upper Bhima Series, the fault throws interesting side-light

on the level oscillation in the Upper Bhima stage. The paper discusses

the significance of the fault in the stratigraphy of the Bhima Series.

8. Origin of the Himalayas.

S. L. Biswas, Calcutta.

The field evidences clearly imply a crustal movement from the North.
The Sliding Continent Theory provides sufficient crustal shortening for

producing this mountain system and explains its structural features as
well as the later development of the Southern foot-hills, marked by the
series of ‘ Boundary faults ’. The nature of the Northern border of
Peninsular India had much to do in the shaping of the range. Removal
of water from the Tethys area must have submerged other parts of the
earth.

9. An exhibit showing the formation of autoclastic conglo-

merate.

W. U. West, Calcutta. •

In the Sausar series (Archsean) of the Central Provinces there occur
at certain horizons what have been called by Sir Lewis Fermor ‘ tabloid ’

or * pebbloid ’ schists. Detailed examination has shown that the ‘ pebbles *

have been formed in rocks that were composed of alternating hard and
soft beds. The harder sheets were first sheared out into fiat lenticles,

and were subsequently broken up and rolled out into ‘ pebbles ’. These
may be flat, or almost spherical. They commonly contain sillimanite.

In some cases mjection gneisses have been similarly aifected, the
injected aplite bands playing the rdle of the harder sheets and providing
the ‘ pebbles ’.

10.

Geology of Khurda, Puri district, Orissa, and its neighbour-
hood.

P. K. Chatterjbe, Calcutta.

The area is mostly covered with alluvium and laterite. The hills
near Goradharmasagar and Barunai consist of ffamet-sillimanite schists
(Khondalite). Near Barunai hill, an exposure of gametiferous granitoid
gneiss is found. In the neighbourhood of Kurarhmal, granite with coarse
texture is visible and the same rock in its eastward extension is rich in
hypersthene and is finer-grained. On the north of this, hill, there is a
fine-grained gametiferous quartzo-felspathic vein found to extend in a
E.N.E.-W.S.W. direction. To the south of the granite hill, there is an
exposure of dioritic rocks rich in hypersthene traversed by a fairly wide
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quartas vein. Quartzite shows jointing well. It is associated with a thin
band of psiloxnelane.

Laterite is worked in a quarry south of Khurdagarh, both for building
purposes as well as for smelting. Psilomelane from the quartzite hillock
IS locally utilized by the smelters for manufacturing indigenous steel pro-
ducts. Clay derived as a decomposition product is used for domestic
purposes.

The khondalites of this area are comparable with those of the Kala-
handi State and Ceylon.

11. On a seismometric study of the Bihar earthquake of
January 16, 1934 and its aftershock of January 19, 1934.

S. C. Roy, Rangoon.

An account is given in this paper of a seismonxetric study of the
disastrous earthquake of Bihar on January 15, 1934 and of one of its

aftershocks on January 19. The main conclusions are :

1. The earthquc^e was initiated by a minor failure near Lat. 26°
18' N. and Long. 86° 18' E., the time of origin of the first pioliminary
tremors being 8h. 43m. 218. G.M.T. The culminating major crash,
which occurred about 11s. after the initial minor rupture and about Ss.

to 7s. after an intermediate stage, had its origin near Lat. 26° 21' N.
and Long. 86° 21' E. close to Madhubani. The progression of the fractures
eeist-north-eastwards from the minor to the major stage suggests that
the stresses no longer supported at the origin of the major crash were
transferred from Madhubani area more towards Sitamarhi than towards
Pumea.

2. The epicentre of the aftershock of January 19 is located near
Lat. 26° 24' N. and Long. 86° 18' E. which is close to the seismometric
epicentre of the main shock.

3. A list of the aftershocks whicli were registered by instruments
both at Alipore and Agra indicates that their frequency declined very
rapidly. This rapid decline is interpreted to mean that nearly complete
reliefwas afforded by the main shock ofJanuary 15.

4. The extra-ordinary development of long waves and the presence
on the Indian seismograms of pul^s cliaracteristic of near earthquakes
with shallow focal depth, suggest that the main earthquake of January 15
originated in the uppermost layer of the earth’s crust.

The focal depth and the thicknesses of the uppermost and the inter-

mediate layers of the earth’s crust in Bihar have been calculated from the
apparent delays in starting of the various pulses with respect to the
fundamental ^stortional wave travelling directly from the focus to

the observing station. The values found are :

Focal depth = 14-8 kms.
Thickness of Granite = 14*8 kms.
Thickness of Basalt = 26*4 knxs.

It is concluded that the primary cause of the earthquake lay near the
interface ofthe Granitic and the Basaltic layers.

Stratigraphy

12. The heavy minerals of the Assam Tertiarics.

P. Evans and M. A. Majebd, Digboi.

Examination by the Burmah Oil Company geologists of the * heavy
minerals * m the 50,000 feet of sedimentary rocks which make up the
Tertiaries of the Assam-Arakcui belt has shown that over a very wide
area there is a remarkable degree of correspondence in the general character

ofthe mineral suites. The earliest beds have a small heavy noineral content
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and the number of mineral species is limited. In successively younger
beds there is a steady increase in the complexity of the mineral assemblages
and in the total proportion of heavy minerals. The order of appearance
of the various difei-ent minerals is nearly the same over a large area, and
certain well-defined ‘ markers * formed by fairly abrupt changes in the
proportions of hornblende, epidote, and some" other minerals can be
traced for many miles.

13. On the extent of the Niniyur division in the Trichinopoly
Cretaceous area.

L. Rama Rao, Bangalore.

In the light of his recent work on the uppermost beds of the
Trichinopoly Cretaceous area (L. Rama Rao and Julius Pia : On the
algae from these beds

—

Pal. Ind., N.S., Vol. XXI, Mem. No. 4, 1936.)
L. Rama Rao and C. Prasannakumar : On the flints and chdrts from
these beds

—

Proc. 7nd. Acad. Sci., Vol. I, No. 1, 1934) the author, in
the present paper, shows that the post-Sononian transgression of the
sea which gave rise to these beds (the Niniyur division) must have covered
a long strip of country on the eastern side of the Trichinopoly Cretaceous
area—from Authenooorchy in the north to Vilangudi in the south.

14. Unconformities in the outer Himalaya.

J. B. Auden, Calcutta.

The paper discusses the existence of unconformities in the geological
succession of the Outer Himalaya between Solon and Lansdowne. The
following unconformities have b^n recognized ;

—

(1) At the base of the Eocene, which lies variously on the Simla
slates, Krol limestones and Tal series (Jurassic).

(2) At the base of the Tal series.

(3) At the base of the Blaini series.

(4) At the base of the Nagthat series.

The Nagthat (Jaunsar) series is pre-Blaini in age and therefore pro-
bably pro-TJralian. It is regarded as continental in origin and as equivalent
to the Tanawal series of Kashmir. The unconformity at the base of the
Nagthat series may be compared with that described by Wadia in north-
west Kaslunir and suggests a continuation to the south-east ofthe Kashmir-
Hazara-Punjab land-mass. De Terra has described the Tisriab beds of
Southern Chinese Turkestan as a continental series of rocks of Lower
Carboniferous age, while Auden has found somewhat similar red rocks in
the Aghil range. It seems probable that continental conditions may
have prevailed during late Devonian and early Carboniferous times over
a considerable area in Northern India and Southern Turkestan and gave
place later to the widespread Permian marine transgression.

16. On the age of the Deccan trap as evidenced by fossil fish-
remains.

S. L. Hora, Calcutta.

The systematic position of the fossil fish-remains from the infra-
trappean beds at Dongargaon and from the inter-trappean beds at Takh,
Paharsingha, Deothan and Kheri along with their known geological ages
are tabulated. The distribution in space and time of the 10 principal
types of trappean fishes is discussed, and it is concluded that these beds
were probably laid down in the early Tertiaries when the land connection
between India and Africa had already disappeared and when the area
occupied by the beds was not very far from the sea-ooaat. It is further
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pointed out that there was probably sufficient interval between the forma-
tion of the infra- and the inter-trappean beds to permit the change from a
predominantly Ganoid fauna, comprising Lepidostem and Pycnodua of
the Lameta beds at Dongargaon, to a fauna ofalmost exclusively Teleostean
fishes, such as the Clupeidss, the Osteoglossidss, the Cyprinidse and a great
variety of Acanthopterygians, in the inter-trappeans at Deothan and
Kheri.

From an ecological point of view one thing seems fairly certain that
the conditions usually associated with a large and deep river characterized
the infra-trappean period, and that by the advent of the inter-trappean
period marshy conditions, usually associated with the mouths of large
rivers, had set in.

16. A note on the oxirrelation of late Tertiary marine deposits

of India.

A. K. Dey, Calcutta.

A difficult pi'oblem in Indian stratigraphy is the correlation of late

Tertiary marine deposits in widely separated areas. The method usually
employed is based on the specific identity of the famia. But the dis-

crimination between species is largely dependent on the judgment and
experience of the worker. The stratigraphical range of species is becom-
ing wider than was foimerly supposed. Percentage rnetiiods of correlation

are of doubtful value unless ecological factors are also properly estimated.
To overcome these difficulties, it is best to look, in addition, for some
structural modific’atlons undergone by a genus during its successive stages
of evolution. The evolutionary stages would clearly bo the best guides
in correlation. The discovery of Placenta latmllata, n.sp., in the Neogene
fauna of Quilon, showing a new stage of evolution of the genus Placenta,
has rendered valuable aid in the correlation of the fauna.

17. A jireliminary account of the petrology and age of the

rocks (the Deccan trap) of Elephanta island, Bombay.

A. 8. Kalapesi and R. N. Sukheswala, Bombay.

The island of Elophanta (18^ 58' N. : 72® 58' 30" E.) lies at a distance

of about seven miles east of the Bombay island.

The island is entirely covered by the plateau-basalt (Deccan trap
flows) which covered a large portion of Poninsular India in the beginning
of the Tertiary era. The microscopic study of those rocks revealed two
distinct varieties of lava flows, viz. andesite and basalt. Amygdaloidal
basalt is also present. The caves are carved in this trap rock.

The main object of the present paper is to show the presence of
rock types other than the normal basalt and also to deduce the geological

age of the Deccan lava flow.s from the microscopic and analytical studies

of some specimens collected from this area. The method adopted for

age determination is the ‘ lead-ratio ’ method. Three different samples
were analyzed for uranium, thorium and lead. Volumetric determina-
tion of uranium was carried out, while thorium was estimated gravimetri-

oally. Load was determined colorimetrically. Care was taken to select,

as far as possible, fresh specimens for analysis. The maximum age
calculated is 76 million years which agrees well with the geological age

Lower Tertiary assigned to these rooks on stratigraphical and palaso-

botanioal evidence.

18. Tertiary basalts of Bombay island.

V. S. Dubby, Benares.

The Deccan trap is divided into 3 horizons, lower, middle and upper.
The Bombay rocks, especially of Malabar hill, are supposed to belong
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to upper flows. In the Bombay island there is also a long exposure of acid
rocks. These acid rocks are later in age than the Deccan trap. But the
authors found that these acid rocks aro cut by basic dykes, which on
analysis are found to be of similar composition to that of Malabar hill

basalts. These dykes as well os the rocks of Malabar hill differ to some
extent from the typical Deccan trap. The inter>trappeans below the

Malabar hill flows have also yielded pebbles composed of acid rocks,

found plentifully in Bombay, thus proving that the acid rocks are older

than the Malabar basalts. The field evidence shows that these acid rocks

are much later than the typical Deccan trap and that considerable denuda-
tion had taken place before these acid rocks were intruded. From the

study of the other acid intrusions on the Western coast it appears that these

acid rocks belong to Middki Tertiary age. Hence Malabar basalt, which
is supposed to belong to Deccan trap, is later than these acid roeks of

Middle Tertiary age.

Palaeontology

19. Discovery of the Lower Trias at Na-hkam, Northern Shan
States, and descriptions of its fauna.

M. E. Sahni, Calcutta.

The author i-ecords his discovery of the fir.st and only Lower Triassio

faima known tioin Burma, including the Shan States. With few excep-

tions the Na-hkam fauna contains the only ammonites discovered

in Burma. The fauna is unique in many respects. (1) Complete absence

of the calcareous brachiopods, which are extrtjmely common in the older

formations. (2) The only brachiopod present is the corneous Lingula,

(3) Ammonites, a group of which hardly any specurnens have boon found
in Burma, predominate. (4) Practically the only other fossils found are

lantellibranohs, grastropods and annelid remains.

The fauna boars a remarkable rosemblance in its general composition
to tho East Greeidand faima described by Dr. L. F. Spath.

The similarity is i^robably due to similar shallow water conditions.

Affinities with the Himalayan Lower Trios are indicated by a number of
forms. Amongst the ammonite genera represented are Ophiceras {Olypto-

phiceraa^ Lytophweras), Vishnmtes, Para-ViahnuiteSy Hemiprioniteay

Juvcnitea, Aapenitea, Kaahmiritea and doubtfully Owenitea. The first

new ammonite genus of tho Shan Trias

—

Heron itea—is proposed.
The lower part of the Lower Trias and possibly the base of the upper

part of the Lower Trias are represented. Correlation with the Himalayan
Lower Trias is put forward.

The southern limit of the Lower Triassic sea was not far from Na-hkam.
There is an entire change in fauna since the ileposition of the under-

lying Permian rocks, and this suggests a profound phyBiographical break
near the top of tlie Permian, for tho lowest Triassic beds appear to be
represented.

20. Devonian faunas from Meso, Taimgtek and the intervening

area, Southern Shan States, Burma.

M. E. Sahni, Calcutta.

The author records the discovery of Devonian faunas from the Shan
States, being the only record since T. H. D. La Touche’s classical find
at Padaukpin, Northern Shan States, thirty-five years ago. These faimas
contain tho only Devonian fossils known from the Southern Shan States.

The fossils occur in the lower, dolomitic division of the Plateau
Limestone which covers vast areas in the Shan States, China, Burma
proper and Siam and attains an enormous thickness. The author draws
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attention to the almost universally unfossiliferous charck^ter of this series

owing to its nearly complete dolomitization and brecciation. He
emphasizes the one-sided character of these faunas. Braohiopods build

up the major part, while mollusca are conspicuous by their absence. He
explains this on the basis of the composition of the shell.

Amongst the fossils found are Spirifer (Keticularia) cMrvatua Schloth»
(Eeticularia) avicepa Kays.» Cyrtina heteroclyta Defr., Orthia {Schizo^

phoria) atriatula Schloth., Spirifer apecioaua Schloth. and var. meaoenaia
nov., Atrypa reticularis Linn., Leptaena rhomboidalia Wilck, Galymene cf,

nmUmrigkaeriaia Mansoy, etc. Rhynchonella thannooenaia sp. nov., Platyceraa
Icachinenaia sp. nov., Pleurotomaria lihaawenaia sp. nov., MeriateUa palaun*
genaia sp. nov., etc.

The beds are divisible into two horizons, a lower, in which Atrypa
reticularis occurs profusely, and an upper in which this well-known fossil

is absent. A herd compact limestone near the top of the upper part is

lithologically distinct from beds composing the other two divisions.

Older horizoTis may possibly be represented in the lower part of the
series.

21. PalsBontological study of belemnites from the Jurassic rocks
of Cutch.

Raj Nath, Benares.

While attempting to sub-divide the Jurassic rocks of Cutch into
zones during field work in the year 1927, a large collection of invertebrate
fossils was made by the author. The study of the belemnites has disclosed

that them are two new species in the collection. The knowledge of the
zonal distribution of the mmaining ones adds to their stratigraphical ^'alue.

22. Corals from the Jurassic rocks of Cutch.

Raj Nath, Benares.

During the course of field work in the year 1927 when a zonal sub-
division of the Jurassic rocks of Cutch was l^ing attempted, on extensive
collection of fossils was made bed by bed. The corals in this collection

form the subject-matter of this paper. Among the forms described, there
is a new species (Stylina aoorkaenaia)—-the only one found from the XJmia
beds. This new fiml necessitates the extension of the upper limit of the
geological range of the Jurassic corals of Cutch from Argovian to
Tithonian.

23. On the Infra-trappeans (Bagh beds) of Jhabua and Ali

Rajpur States, Central India.

P. N. Mukerjbe, Calcutta.

During recent geological survey of the Jhabua and Ali Hajpur States

of Central India, a collection of fossils was made from the Infra-trappeans
(Bagh beds), the representatives of which have been already described

by F. Stoliezka from the Cretaceous of South India. The discovery of
some of the characteristic Upper Cretaceous forms, namely, Protocardium
pondicherrienae d’Orbigny, Cardium {Tradhycardium) incomptum Sowerby,
MacrocaUista aculptu/rata (Stoliezka), CraaaineUa trigonoides (Stoliezka)

and Turritella {Zaria) muUi-atriata ]^uss, in the Bagh beds of Central

India, is of great stratigraphical importance regarding the upper limit of

the age of the Bagh beds, and is in full agreement with the results obtained
by Von Heune and Matley, who, from their investigation of the Dinosauiian
remains in the Central Provinces, fixed the age of the Lameta beds (the

fresh water equivalents of the Bagh beds) as Upper Senonian. Again, the

presence of two Cenomanian forms in the collection, namely, Grotriana

cf jttgoaa Forbes and Craaainella cf. planissima (Forbes) indicates a
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Cenomanian age, which has been already established by previous worjkers

in the type area. It is, therefore concluded from the present investiga-

tions that the age of the Bagh beds range from Cenomanian to Upper
Senonian.
24.

On a Paloeoloxodon namadicns mandible.

T). K. Chakravarti, Benares.

The mandibular rami and the piece of tusk described in this paper
formed parts of a skeleton of an adult male Narbada Elephant, discovered

in the Kankar bed of a small streamlet, flowing over the Vindhyan country

in the south-eastern corner of the Allahabad district. Each ramus carries

a molar, the last of the series. The molar implanted in the right ramus
shows thirteen ridge-plates on the worn surface of the crown. The enamel
layer is thin and as a rule free from crenulations. The piece of the tusk

measures 190 mm. across the maximmr diameter of its elliptical cross

section and 110 mm. across the minimum. The distribution of this

species in India and outside is discussed in the paper.

25. The upper Jurassic brachiopoda of the Baunu district,

N.W.F.P.

M. R. Sahni, Calcutta.

This paper deals mainly with a terebratellid fauna of Upper Jurassic

aspect found in the Bannu district.

Underlying this is a sandy limestone formation (Shekh Budiu
Limestone) containing species of liurmirhynchia and doubtful Dagtmni-
rhynchia of Callovian age, which is separated from the terebratelUds by
500 feet of strata. Occurring in the same bed as the tembratellids, but
about four feet above them are certain ammonites identified by Dr. L. F.

Spath as of Neocomian age. This creates an anomaly owing to the Upper
Jurassic affinities of tho main braohiopod fauna. There is no break between
the Shekh Budin Limestone and the terebratellid fauna or between the

latter and the ammonites.
The age of the underlying Shekh Budiu Limestone containing

BwrmirhynSiia is discussed. The author disagrees with the view of tho

French geologists that the age of the formations containing species of
Burmirhynchia should be lowered from the Upper Jurassic to the Norian
division of the Upper Trias.

Burmirhynchia occurs in slightly older rocks in Europe and the
European origin of the genus, in spite of its name, is postulated. Amongst
the now species described are OrnitheUa couUoni, O, indioa, O. depreaaaf

O. ovalia, O. paralagenelia, Kingena punjabica ‘ Terebratula * bannuenais,
Rhynchonella {Dagfianirhynchia) coulaoni and R, {Daghanirhynchia)
pezmnaia.

A provisional correlation with the Oxfordian-Kimmeridgiaii is

suggested.
Tho comparative value of techniques in exposing the internal struc-

tures of brachiopods is discussed.

26. Palaeontological study of gastropods from the Cretaceous
beds of Trichinopoly.

Raj Nath and M. P. Naithani, Benares,

With an idea of working out a more detailed stratigraphical sequence
of the Cretaceous rocks of South India, a large collection of invertebrate
fossils was made bed by bed from the outorop of these rocks in the
Trichinopoly district. The gastropods from this ooUeotion were taken up
for palsBontologioal study, which has revealed the presence of some new
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speoieB. This hae also helped in the revision of the geological distribution
of oeziain species.

Mineralogy
27.

Mineralization at Mawchi, Southern Shan States, Burma.

J. A. Dttnn, Calcutta.

The Mawchi area consists of slat-es with some marbles, intruded by
a large granite mass. The tin-wolfram deposits occur in. each of those
rook types.

The ore bodies ai*e of cassiterite and wolfram with variable proportions
of gangue minerals. The conunencement of crystallization of each
mineral was according to the following sequence : garnet, zoisite, fluorite,

orthoclase, tourmaline, wolfram, cassiterite, beryl, phenacite, molybdenite,
quartz, arsonopyrite, pyrite, sphalerite, stannite, chalcopyrito, bismuthi-
nite, galena, schoelite, calcite, muscovite (including lepidolite), chlorite.

Scheelite is largely formed by the late replacement of wolfram.
Secondary minerals include covellite and chalcocite.

The granite also contains, in places, grains of cassiterite which can
be detected in thin sections.

Mineralization appears to have been continuous from a late stage

in the crystallization of the granite itself, df)wn to deposition of chlorite.

28.

A chemical and mineralogical study of a new titanium

mineral from Nellorc.

N. JayABAKAN and K. R. Krishnaswami, Bangalore,

A detailed study of the mineral comprising the black magnetic inclu-

sions in the garnets of tlie schist complex of NoUore has been conducted
with a view to ascertain its mineralogical and chemical significance. The
paper deals with the microscopic and chemical data concerning the mineral
with a description of the methods employed. The chemical and mineral
compositions are given in tables. They show a very high percentage of
Ti02 which is in excess of that required for normal ilmenite. The various
hypotheses so far advanced to account for this excess of Ti02 and for the
existence of systems like FeTi08-Ti02, FeTi03-Fe203, FeTi03-Fe304 and
F0TiO8-Fo8O4-TiO2 are discussed. From the more or less homogeneous
nature of this mineral, its high titanium content, and its strongly magnetic
property, it is concluded that this mineral is a well defined type, probably
belonging to a new system of minerals having the composition FeTi08 -

Fo804-Ti02.

29.

On the origin and prospecting of mica.

S. K. Boy a/nd G. C. Chattopadhyay, Bhanbad.

Origin of Pegmatites :—The authors are of opinion that the different

types of pegmatites of Behar have originated from different fractions of
the pegmatitic residual fluid separated from the granitic magma which
gave rise to the ‘ dome-gneiss ’ of the region.

Origin of Mica :—^Workable books of mica (muscovite) are found in
pegmatites carrying plagioclase (albite-andesine) as the essential and
major felspathic constituent, in contrast to the barren ones of which the
fel^athio constituent is overwhelmingly potash felspar.

With the data available from detailed field study of several hundred
workable pegmatite veins of Kodarma area the authors suggest the follow-

ing characteristics to be useful in prospecting for workable veins of
pegmatite ;—

(

1
)
Mica in workable quantities is tc be found in a peg-

matite vein which carries plagioclase as one of the major constituents cf
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the * Beti \ (2) such a pegmatite vein must possess a conspicuous core
of massive quartz, (3) the pegmatites should carry such minerals as
Tourmaline, Beryl, Apatite, etc., (4) in such a pegmatite vein the occurrence
of workable muscovite varies from place to place but during development
work the sure presence of muscovite in the proximity is revealed by the
appearance of the transparent grey ‘ Kajra * quartz in the * Reti
-(5) ‘ Jogni * in Reti is a very favourable sign for the occurrence ofworkable
muscovite lodes in the proximity.

Petrology

30. On the origin and correlation of the cordierite hypersthene
rocks and their associated basic granulites from Bidaloti

(Mysore State). *

B. Rama Rao and T. P. Krisknaohar, Bangalore.

Drawing attention to the somewhat restricted occurrence of rock
types which contain cordierite and hypersthene in association and to the
diverse ways in which they might originate, the authors of the paper
give a detailed account of the mineralogical, chemical and field characters

of the cordierite hypersthene rocks and the basic granulites associated with
them as exposed in the vicinity of Bidaloti (13® 31' N. : 77® 17' 30'' E.)

in Mysore. From a careful investigation on the genesis of these rock types
the authors conclude that the cordierite hypersthene rocks are clearly

sedimentary in origin, but as a result of repeated metamorphism brought
about by several igneous intrusiors, have lost not only their original

structural characters, but also have been considerably modified in their

chemical composition. Due to an enrichment in magnesia and other
constituents, the modified composition of the original sediments as reflected

in their metamorphosed types, the present-day cordierite hypersthene
rooks, c;orrespond neither to that of argtllitic sediments nor to that of basic

igneous rocks and consequently the several diagnostic chemical criteria

fail to give consistent clues to detect their original nature. However,
the textural characters of these rocks, though ill preserved, give a suffi-

cient indication to their original sedimentary character.

Of the basic granulites associated with them, the dark ‘ hornblende
granulites ’ are found to be of igneous origin and intrusive into the sedi-

ments. The pyroxene granulites, the hypersthene-bearing types of which
are comparable in mineral composition to the well-known chamockites,
are found to have been formed from the contamination of the basic intru-
sive which gave rise to the ‘ hornblende granulites with the original
argillitic sediments, from a process akin to regenerative reaction. Both
the hornblende granulite and the pyroxene granulite including the hyper-
sthono-beoring types, are shown to be the modified phases of one and
the same rock and therefore of the same age. They are both older than
the granitic gneiss.

The effects of contamination in the formation of some of the abnormal
rock types of the region have also been briefly touched upon in this paper.

31 . Assimilation and the evolution of hypersthene-bearing rocks

in Bastar State, Central Provinces.

P. K. Ghosh, Calcutta.

The assimilation of a basic diopsidic rock by a highly alkaline magma
has produced the following stages in the evolution of h5q3er8thene-
bearing rocks :

—
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Stage I. Formation of hypersthene and garnet from diopside and
anorthite molecules as follows :

—

Diopside Anorthite Silica Garnet Hypersthene

C
CaO(MgFe)0.-] + TCaO.AlaCa-T+ SiOg -= r3Ca0.Al208q+ r(MgFe)Oq
2Si02 J L2Si02 J L3Si02 J L2Si02 J‘

The resulting rock resembles e basic chamockite.
Stage II. Pi*eviouflly mentioned minerals -f yellow hornblende pass-

ing marginally into a blue species (? mtire sodic variety) and plagioclase

ofmedium basicity. The reck resembles an intermediate chamockite.
Stage III. A completely heterogenous type of rock, consisting of the

basic constituents mentioned above embedded in a mesostasis of acid

plagioclase, quartz, biotite and a little orthoclase. This stage represents

a link in the chain of evolution of the final acid type (Stage IV).

Stage IV. Relative enrichment of potash, leading to the greater

development ofpotash felspars and biotite than in the earlier type. Hyper-
sthene is present in a smaller amount. The rock is similar in character
to the acid chamockite.

It is suggested that possibly a similar mode of origin may be ascribed

to other chamockite masses.

32. Further study of Mylliem granite, Khasi hills, Assam.

N. N. Chatterjee, Calcutta.

A preliminary account of the Mylliem granite was communicated
to the 24th session of the Indian Science Congress (1937). The piosent
paper deals with the structural features in some detail and the various
processes of differentiation and assimilation that brought about the
different varieties iii the Mylliem granitic. Of the structural feature's

(i) weathering, (ii) joints, (iii) flow of felspar pbonocryst s, (iv) veins, and
(v) displacements have been discussed. There are typical tension frac-

tures filled up in many cases by aplites, pegmatites and quartz veins.

Sheet or horizontal jointing has developed fairly well. NE-SW joint

is also present. The phenocrysts of felspar are found to flow in N-S
with varying angles of pitch. The pitch is more northerly than in any
other direction. There is also E-W and NE-SW flow. There are

displacements in the granite as evidenced by the shifting of aplite and
tourmaline veins and by fracturing and shifting of felspar phenocrysts
and xenolith blocks. By the influence of hyperfusible constituents tour-

maline-bearing granite, muscovite granite ami early pegmatitic granite

have been formed. Partly crystalline magma has subsequently been
filter-pressed and late pegmatites and aplites have been formed. Assimila-

tion process and formation of hybrid rocks have been discussed in the
paper.

33. Permanganate oxidation of some of the Indian coals.

B. B. Niyogi, Dhanbad,

The present paper is a pi'eliminary attempt to measure the reactivity

of coal towards permanganate oxidation. Reactivity towards alkaline

permanganate is measurable either by determining the change in solubility

of the ulmin or by determining the amount of oxidizing agent used under
standard conditions. Alkaline permeuiganate solution has been used,

very mcontly, by Heathcoat and Francis to measure the rank of coal

(Fuel, Vol. XI, No. 6, 1932, page 174).

In the present work sixteen samples of coal and one sample of lignite

have been examined The results show that there is a relation between
the Fuel Ratio and the ratio of oxygen used to the solubility prodiused.

Lignite at one extreme shows great reactivity towards allcaline perman-
ganate, indicating the maximum solubility. The solubility produced for
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sajixples from the Barakar Series varies from 63% to 69*6% whereas
for other samples the solubility varies from 78% to 84% (calculated on the
pure coal substance). The Tertiary coals show a still higher solubility.

This preliminary investigation has indicated what appears to be a criterion

for rank identification. Vitrain bands selected from the samples may
prove to be the most appropriate coal material to use in such investigations^

because of its homogeneity and ease of acquisition and handling.

34. Mioro-struotiire of some Indian fusains.

N. N. Chatteejee, Calcutta.

The specimens of fusain were obtainetl from (i) Talchir coalfield,

(ii) Lalraatia, Hurra, and Jilbari coalfields, Rajmahal Hills, (iii) 13 and
14 seam, Jharia coalfield, (iv) Borodhemo and Borachak coal, Raniganj
field, and (v) Tertiary coal from Salt Range. The Rajmahal Hills and
Talchir field specimens are composed of abundant fusain patches. « These
specimens are found to contain several rows of bordered pits (uni -seriate,

bi-senate, poly-seriate, etc.). Measurements of tracheids were carefully

made and several uni-seriate tracheids in the Goiidwana specimens are

found to bo on an average 40/x (l/x ~ *001 mm.) across the pits (outer

ring) and 10 in diameter. These characters suggest the prt^senc^ of rich

gymuospermouH wood in the Gondwana fusain patches. Examination of
a few polished blocks ofRaniganj coal containing fusain patches by reflected

liglit lends support to the above features. The Salt Range fusain on
examination is found to contain only insignificant amoimt of tracheid

with bordered pits. Several fragments of wood could however be found
in transverse section showing water conducting cavities (vessels) of different

sizes arranged in more or less mgular maimer. These are supposed to

be fragments of angiospermous wood.

Economic Geology

35. A new method of the quantitative (sstiniation of gold in

poor grade gold lodes,

S. K. Rov and K. K. Dctta, Dhanbad.
The rusty brown, poor grade pyritic gold-cpiartz ortw of Lowa

(Manbhum) did not respond satisfactorily to the known methods of assaying
gold given in literaiiii'e, excepting to the dry assay. But use of dry
assay is prevented by its prohibitive cost.

The method that has been devised entails a combination of well-known
wet and dry procedures and has been found to be useful to accurately
iletermine the presence of even Od cwt. of gold in an assay ton of sample.
Bromine and chlorine which dissolves gold easily were utilized as solvents.
Previously roosted pyritic gold ore in contact with bromine water reacts
as follows :

—

2Au+ 3Br2 = 2AuBr8

Bromine was then replaced by chlorine by the use of KMn04 and HCl,
and the gold bromide was changed into chloride.

2AuBr8+3Cl2 = 2AuCl8-f3Br2.

This gold chloride is then treated with Pb-aoetate and zinc granules,
evaporated and then scorified giving the bullion. The use of Br may be
avoided by passing Cl gas only, through powdered ore moisteited with
water.

Pmcautions necessary in this method are that the bromine must be
quite in excess of the ore, the KMnOi must be thoroughly dissolved in
the sohition Before HCl is added, evaporation should be carried out on
a water bath in a lead basin and a large amount of borax should be used
in scorification so that the slag may be very thin, fiuid and glassy.
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36. A study of the composition of the ashes of some Indian
coals and lignites.

J. N. Majumdar, Dhanbad.

The chemical composition of ashes of 49 samples of coals from Jharia,

Raiiiganj, Talcher, Kargali (Romaro field), Jainty (Jainty field), Singareiii

(Hyderabad), Pench Valley (Central Provinces), Assam, and lignites from
Palana (Bikaner), and Kashmir have been studied. Distinction has been,

dravm between the eomposilions of ashes of Tertiary coals and those of
other coals. Differences in percentages of ash, and of sulphur and phos-
phorus contents of the coals and lignites have been studied. In these

respects striking differences have been observed. The most striking

difference between the characters of ashes of Tertiary coals and those of
other coals is the presence in ashes fi*om Tertiary coals of very low per-

centage of silica, alumina and titanium oxido (absent in most of the

cases) and high percentages of iron, lime, sulphur and alkalies suggesting
their easy fusibility. There aie striking differences in the colour of ashes
from different coals and lignites. Aqueous solui;U>ns of coals of Tertiary

formation have been found to differ very considerably from those of
other coals.

37. Auriferoua alluvium of the (Turma nadi, Maubhum.

B. C. Roy and A. K. Dby, Calcutta.

The paper embodies the results of field and laboratory investigations

of some auriferous alluvials collected fit>m the bod of the Gurma nadi,

near Dhadka, in Manbhum district. Samples were collected from various
localities and concentrated by panning. After a preliminary elimination
of the magnetic portion of the concentrate, the non-magnetic portion was
treated with Thoulet (Sp.Gr. 2*8) solution. The heavy residue was turthor

fractionatt»d by Rohrbach (Sp. Gr. 3*35) solution. The mineral assemblage
is suggestive of the presence of auriferous tourmaline-quartz veins and a
motamorphic suite of rocks in the drainage area. It appears that the
gold bearing veins represent a pneumatolytic-hydrothermal facies

—

probably a rest solution of differentiation of a granite magma. A detailed

systematic examination of the detritals is requii*ed before any idea of the
gold concentration could be ascertained.

38. Study of some varieties of Indian asbestos,

M. P. Nbtaewala and H. S. Dalal, Benares.

The authors in this paper mention the occurrence of asbestos in

differont localities of India. Some of the varieties have been analyzed
and their resistcinoe to concentrated hydrochloric and sulphuric acids
have been determined. From the study, the authors conclude that the
asbestos of Seraikola State, Bihar and Orissa and of Dungarpur State,

Rajputana is of the amphibolo variety and it could be used for chemical
filtration in the manufactures ofwashers and rings,etc. asa lagging material.

The chrysotile of Kurrana, Punjab and of Basi, Rajputana could be spun
into cloth, twine and rope and then put to various uses. The asbestos
of Kunmtia, Ajmer Merwara could be utilized for making asbestos cement.

39. Dykes in the Deccan trap and their influence on under-

ground water.

G. G. Narkb, Poona.

In this paper the author has described the formation of a sand basin
in the bed of the Karha river between Morgaon and Karhati villages in
the Poona District due to the presence of a hard compact dyke at Karhati
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and the sinking of wells in the neighbourhood, to bring under cultivation

about 150 acres of waste /ore^ Umd,

40. The uppermost ferruginous flow in the Deccan trap and its

utility as a water bearing formation on top of the hill

forts of the Western Ghats.

G. G. Narkb, Poona.

The author has described the occurrence of water at about 2,400 feet

above the surrounding plains on top of Singhgarh Fort, 14 miles distant

from Poona and other places in the Deccan.
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1. Types of movements of people in the Cauvery delta.

S. Mua'HiTKRisHNA Ayyar, Madras.

1. A general survey of motives for migration in different ages to

serve as a sort of back-ground for the investigation.

2. Classification of the types of movements in the selected area
under three main heads, movements (a) into, (h) within and (c) from
the region.

3. Tlie geographical and other causes of these movements—past
and present.

Karly attractions for immiqratwn—
1. Natural irrigation facilities.

2. Canals and anicuts.

3. Rainfall in the growing season (rice plant).

4. Annual silt carried by the river.

f). Stable and benevolent government.

6,

(Protection against inroads.)

7 Patronage of arts, crafts and learning.

3. State and privat/O charities.

9. Flourishing ports, etc.

Oaiufce of the present day outward flov) of population—
1. Maximum use of resources (irrigational).

2. Inability to find food for the growing population.
3. Imprudence, easy-going life and high standard of living.

4. The British rule, English education and advance in communi-
cations, wide outlook and high ambition.

5. Soil deterioration.

6. Small holdings.

7. Enforced idleness for six months a year.

8. Difficulty in the change of crops, etc.

4. Comparison with other deltas, Malabar and Tinnevelly.

6. The social and the economic effects.

(a) Deserted villages.

{h) Poverty, disease and premature death.

(c) Growth of urban population.

(d) Low fertility, slow increase of population.

(c) Luxuries, litigation and absentee landlords, etc.

6. A typical delta village (surveyed).

7. Remedial measures for counteracting the adverse effects,—^how

to send people back to the villages.

(
123 )
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2. A geographical study of the Ranchi plateau.

S. C. Chatterjee, Ranchi.

In this paper the geological structure of the plateau is studied in

relation to the morphology, followed by a study of its climate, soil, vegeta*
tion, land utilization, and distribution of population.

3. The shifting of population-centres in Bengal.

S. P. Chatterjee and S. K. Boss, Calcutta.

Geographical factors leading to the development of a number
of towns in modem times at the expense of old towns have been studied.
This migration of population has resulted in marked changes in life and
activities of the people.

4. Geographical interpretation of the distribution of population

in two typical districts in India.

S. P. Chatterjee and A. Ganguli, Calcutta.

Two typical districts—Nadia and Tinnevelly—are selected and geogra-
phical factors determining density of population in different parts of
the districts have been studied. Anomaly in the distribution of population
in some parts of the districts has been traced to the decline of industry
and failure t-o respond to the j'hanged emdronment.

5. Natural regions in India.

8, P. Chatterjee, Calcutta.

The classification is based on the oharactei’ of the forest flora, surface
relief and climate. Man’s adjustment to the physical environment
has been shown in each of the natural regions.

6. Place namey in Tamil country.

C. M. Ramachandra Chettiar, Coimbatore.

A study of place names is interesting and instructive in ever}’’ aspect
of human life. History, geography and other human sciences find a
large treasure in the current names of places when analyzed and studied
with proper perspective.

1. Natural divisions : A particular name of a division always
carried a particular set of ideas regarding the people, flora, fauna, vocations,
customs and manners. The conventional divisions according to the Tamil
poets were :

—

1. Hilly region—Kurin ji.

2. Pastoral tracts—Mullai.
3. River valleys—Marudam.
4. Desert country—Palai,
5. Sea-side region—Neithal.

When analyzed the prefix of each name denotes the origin and the suffix

the nature of the country. The place names testify the above classi-

fication.

2. Inhabitants : The infusion of Kanarese and Telug^s into the
pure Tamil country and their influence in all human affairs. This is

indicated by the ratio of Kanarese and Telugu suffixes with the Tamilian
in place names.

3. Occupatwn ; Suffixes are also found according to the occupations
of the people. The predominant occupations were agriculture, handi-
crafts, trade and commerce, pasture, forestry, etc.
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4. Administraiion : Villages and tracts were divided for purpose
of administration and suitable prefixes were adopted for zamin, inam,
agraharam zagir or ryotwari.

5. Historical : Prefixes and suffixes relate to innumerable historical

facts, e.g. origin of places and other historical incidents.

6. Other Aspects : A good number of place names have religious,

mythical, geographical and geological origin. Curiously even geological

origins are found as Kanjamalai (Gold), etc. Some are of pure Tamil
origin and some are of Sanskrit origin which denote clear cleavage in the
infusion of civilizations.

7. Local Tradition and Dialectal Certain names are peculiar to

certain districts and oven dialects are repi’esented. Archaic names some-
times persist.

7. Post-Mesozoic movements in Chhota Nagpur.

J. A. Dunn, Calcutta.

An early Tertiary peneplain, now reprosontod by the Neturhat
plateau and other residuals, was lifted in early Tertiary times about 1,000
feet in the centre of Chhota Nagpiu*, with a tilt to the north-east towards
the Rajmahal hills.

Between the middle and late Tertiary there was a further uplift

of perhaps 1,000 foot, reaching a maximum on the Ranchi plateau and
its dissecte<l extension to the south. This uplift resulted in a tilt to the
north and north-east from the Hazaribagh plateau. Along the Son
river the northeni edge of the uplift was abrui)t, as also along the eastern
edge of the Ranchi plateau.

In South-East Chhota Nagpiu* (South Dhalbhum) further uplift,

amounting to some 300 feet, took place after an interval which had permit-
ted the development of quite a well-defmed pon«»plain—this upwarp
was rather abrupt along the Subamarekha river.

From the south-eastern part of this region extending to the coast,

a general rise, amounting to a maximum of 400 feet, has continued down
to the present day.

The movement has, therefore, been cumulative in central and south
Chhota Nagpur ; there has been little or no apparent differential movement
in the region of the Rajmahal hills, whereas further north the Gangetic
plain has been a region of appartmtly persistent depression.

8. Tlie great divide.

0. B. Fawcett, London.
* The Great Divide ’ is the belt of deserts across the old workl, from

the Sahara north-eastward to the tundra of East Siberia. Because of
its climates, and its geographical position, this zone has been the dividing
area between the agricultural regions, with their dense sedentary
populations and developed civilizations.

The paper attempts a review of the characteristic features of this
* zone of separation ’ and of its relative importance in the past and to-day.

9. Geography and the scientific movement.

H. J. Fleure, Mancliester.

Darwin’s view of life, as in process of continued mutual reaction
with environment, pressed forwaM study of evolution of relations of
human mups to environments. Results show that group life is basic

fact and that self-conscious individuality appears to varying extents
in various stages of groups evolution. Geography on the human side

may, therefore, be called Human Ecology or Applied Darwinism.
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10. The origin of the great river-gorges of the Himalayas as

evidenced by the distribution of fishes.

S. L. Hora, Calcutta.

A summary of views regarding the origin of the great river-gorges

of the Himalayas is given. It is pointed out that the fish faunas on the
northern and the southern slopes of the Himalayas are quite distinct, and
that an explanation of this fact is to be found in the origin and the present

form of the Himalayas. The evolution of the present-day drainage

pattern of the southern face of the Himalayas is traced from the evidence
afforded by the distribution of fishes, and it is concluded that the early

drainage of the Himalayas was from east to west along both the faces,

and that it underwent considerable changes due to differential orogenio

movements in the region west of the Tista drainage system and in the
Potwar Plateau. The distinctness of the northern and the southern
fish faunas of the Himalayas favours the view that at an early age the
Himalayas had ordinary consequent drainage, the rivers flowing north
and south of the crest. The distribution of fishes along the southern
face indicates that the rise of the Himalayas occurred in sharp, sometimes
localized, earth-movements, so that the fishes always remained in the
valleys and were unable to colonize the precipitous higher reaches. A
reference is also made to the influence of the monsoons on the southern
face, and to the process of river-captures that probably plaved a great
part in the distribution of fishes from the east to the west. From the
evidence presented, it is concluded that the south-flowing rivers, through
vigorous erosion, captured the rivers on the Tibetan side of the range.

11. Environmental and cultural changes of pre-historic Man
near Madras.

V. D. Krishnaswamt, Madras.

The author, after selecting a promising area in the Kortalayar valley,

joined the Yale-Cambridgo North Indian Expedition.
Their work over, T. T. Paterson and H. J. Drummond came over to

his area. Four terraces wore then traced and mapped out, and the
connected hthic industrieH investigated at Cambridge along with the North
Indian Collectiorw.

The conclusions based upon limited field work were :
--

1 . A boulder conglomerate bod, resting on Jurassio shales, underlies
the laterite peneplain

—

Tq ;

2. Ti cuts into the laterite peneplain ;

3. (well developed at Attirampakkam) is an Acheulean site;
4. 7^4 (seen best near Erumaivettipalaiam) is alluvial.

There appear to have been two major pluvial periods separated by
a dry phase and then a minor wet phase—corroborating the results of
Hurkitt and Cammiade in the Upper Kistna.

A progressive evolution in technique and typology of the industries
is disclosed and the Clacton typo invariably precedes the Levallois. The
maximum development here corresponds in the opinion of L*abbe Breuil
to the Combe Capelle stage. Cultural stages present marked similarity to
the African and Burkitt has in a brilliant paper insisted on the importance
of investigating its causes.

The flake industry appears to have been as well developed in South
India as in Java, though Callenfels and Koenigswald have thought
otherwise.

The results make it probable that the Kistna and Godavari valleys
would yield quite similar ones.
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12. Population and its distribution in Kerala.

George Kuriyan, Madras.

Kerala is one of tlie most densely peopled parts of the world, with
an average density of 660*9 persons per square mile. The region is essen-
tially ^ricultural. This high density could only be accounted for by the
exceptional productivity of the region. Rainfall seems to have very
little influence on density. It depends on the proportion which the land
cultivated with food and money crops bears to the gross cultivated area.

Every j^orson has on the average about 0*4 ac.i'es of cultivated land, while
every person supported by agriculture has 0*9 acres of cultivated land,
both of which am extremely low figures. The possibilities of extending
the acreage under cultivation are not great. The average yield is very
low and scientific methods could not be easily adopted owing to the
small holdings. The distribution of population of Kerala is different

from the adjoining Tamil Nad ; the settlements are dispersed
; there is

no village in the strict sense of the term ; but its town is a real urban
agglomeration. The average rate of growth of population during the last

census decade within this region has also been phenomenal ; Travancore,
due to the better utilization of its highlands, has registered the greatest
growth.

13. Urban centres in Kerala.

George Kuriyan, Madras.

In any country it would l)e difficult to condense into a formula the
attributes of a town au<l in Kerala, where the village mpresents in essence
an extent of country throughout which isolated houses are dotted, certainly

no hard and fast line exists. The most important aspect of a town should
bo the character of the population and the rolaf ivo density of the dwelhngs.
An urban area is one where the majority of the population follow non-
agricultural occupations. On the functional basis, it is possible to classify

the towns into (1) (Capitals, (2) Industrial towns, (3) Commercial towns,

(4) Market towns, (6) Religious towns, (6) Agricultural and distributive

towns. There are 30 urban centres in Kerala. More than 75% of the
total urban population live in the larger urban contms with a population
in excess of 20,000. The total urban population forms only 8*5% of the
total population and this indicates that Kerala is far from being urban.
The Mahomedon clement in the towns is greater than in the rural parts

while the contrary is true of the Hindus. This is due to the difference in

occupation of these communities. In Kerala the towns are mostly
confined to the coastal lowlands—^t-he area of easier communications

—

they have invariably arisen at the crossings of the lagoons and the back-

waters.

14.

The Tambaraparni basin.

S. Muthukrishnan, Madras.

This paper is an attempt at showing how the Tambaraparni basin

adds a splash of green to the naturally dull brown colour of the vegetation

map of Tinnevelly district, and to contrast the effect on environment in the

basin with that outside.

The annual rainfall in Tinnevelly district is the lowest of all those of the

east coast districts, and the effect of this on the geography of the district

is one of difficult irrigation and poor produce. But thanks to the salutary

effect of the summer monsoon coming through the Ariankavu Pass, and
the effect of the monsoon winds giving rain just on the lee-side of the

Ghats, this ribbon of the Tambaraparni is made possible in on area which
would otherwise be scrub-jungle.
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This river basin is in all ways different from the rest of the district.

Here water is conserved systematically, and irrigation is used to the best
mlvantage. The fertility of the basin and its three crops in a year contrast

with the cotton crop of the north, and the palmyras and single crop of
the south. The greatest number of the bigger towns in the district are

in this basin, barring only a few outside it, which have grown due to

commercial or nodal importance.
The individuality of this interesting region has been brought out in

the paper.

15. The technique of regional geography.

A. G. Ogilvie, Edinburgh.

The lack of detailed regional studies in India and the advantages
that would accrue from them are pointed out. The large body of inform-

ation available for such synthetic studies is indicated, its character

examined, and its proper use by geographers suggested. The more
serious deficiencies in knowledge are discussed, first in regard to various

aspects of the physical environment, and secondly in respect of the popula-

tion, its distributiop and its activities. In each category new field

observations and new map compilations are required, demanding the use

of methods so far scarcely applied to Indian regions. Special attention

is directed to the possibility of constructing adequate maps of population

density. The employment of diagrams of types hitherto little used is

recommended. Means are suggested for establishing and maintaining
contacts between geographers in Europe and India.

16. Settlements in the lower Indus basin (Sind).

Maneck B. Pithawalla, Karachi.

The lower Indus basin (Sind) has afforded facilities for some of the

earliest human settlemonts in India, although it is an unstable land;

with an unstable population deijending chiefiy upon unstable water
supply. It is a land also of changing river courses, changing lakes, chang-
ing csoastlino, an advancing delta, intensely weathering Tertiary rocks
and accimiulating sand. Even the sand-hills of the desert are changeful
as the winds blow during the year. The region, again, is witliin the
danger zone of Northern India and is unique in its numerous hot springs.

There is a possibility of changing climat.o as well and of gradually rising

level and desiccation.

An antechamber for the whole country, with suoli a classical river

as the Indus, Sind has not a single classical town left, except Sehvan
(Sindomana), and that too in a jiartially decaying state. Floods were
the greatest menace to human habitations, Mohenjo Earo itself being
thrice abandoned on tliis account. Again and again people tried to

resettle on mounds higher up, the river left its channels, and a whole
rivei'—the Hakro—dried up in the Pat-Thar section. Thus towns and
villages often vanished.

The paper has been based on a detailed study of

I. Geomorphology

:

(a) Aggradation by the river and seolean
agencies ; (6) Erosion by external agencies

;
(c) Flood

menaces
;

(d) Tectonic changes
;

(e) Growth of the delta.

II. Hydrographical changes : (o) Unstable water supply and water
table ; (6) Unstable drainage, river piracy, etc.

;
(c) Unstable

lakes.

III. Other changes in human settlements due to political causes, etc.

Thus some 20 old sites have been located by the author in a map
of Sind and their history given. The Sukkur Barrage with its perennial
water supply and its final redistribution of population may mean more
or less stable settlements in days to come.
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17. Main house types in South India.

K. M. SuBKAMANiAM, Madras.

An attempt is made here to bring out the influence of environment
in the choice of materials and the plan of construction of t3rpical houses
in the four main regions of South India.

The Ceded Districts type of stone-walled, flat-roofed houses, without
a central courtyard, has developed in a region of scanty rainfall and extreme
temperatures. The paucity of clay suitable for making bricks and tiles

€ind the abundance of Cuddapah slabs explain the free use of the latter

in veuious ways.
The Malabar hovse^ built on high ground with steep gables, storage

loft and a libera] use of wood, shows the adaptation to environment in a
region of heavy rainfall and abundant forests.

In the Northern Circara are to be seen mud-and-brick houses with
tiled or thatched roofs. Of the two tjrpes prevalent here, one has an
open cotirtyard. Jungle wood and bamboo are largely used. The gable
denotes a region of fair rainfall.

Jn the Tamilnad, the typical house has a central courtyard for free

ventilation and sunshine, and a gently sloping gable, which show the
influences of moderate rainfall and a fairly equable climate. The lazge
use of bricks and tiles indicates the availability of suitable earth.

A closer study reveals minor local variations of the four main types.

18. Some aspects of the growth of greater Madras.

N. SuBRAHMANYAM, Madras.

The suburbs of Madras have grown ribbon-like along roads and
railways by the overflow of the city population into the pre-existing
villages along those routes. This development has taken place more
fully in the south-west than in other directions, due to a higher and better-

drained siuface.

Besides the residential areas, large institutions—educational, recrea-

tional and governmental—^have been established in this south-western
part of Greater Madras, as space is linoited and site values high within
the city.

While shops and markets have grown up in the several suburban
areas, the city in its turn gets its supply, especially of perishable articles,

from the former areas and ^e surrounding rural parts.

Quick and cheap transport in the shape of suburban trains and buses
ply frequently, making suburban life possible. Their number and
frequency reflect the relative importance and popularity of the several
suburban areas.

Becently, the vacant areas in the south-western parts of the city

are being built over, due to a desire to enjoy the better conveniences and
amenities of civic life ; and Thyagarajanagar, one of such recent extensions
within the city, stands unique as the result of deliberate planning.

A plea is put in for the creation of a local authority to plan and
co-ordinate the development of the several suburban areas without mutual
competition, taking a long view.

19. The rivers of the Palar basin.

B. M. Thtbunaranan, Madras.

The Palar is one of the three largest rivers of the Tamil region, and
drains an area second only to the Cauveri. The lower portion of its vaUey
is drained by several small rivers which enter the sea by separate mouths,
even though they have very little flow of water. These small rivers

have valleys too wide and large for their present volume of flow.
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Bruce Foote hae pointed out, in connection with the distribution of

alluvium in this area, that several changes have taken place in the courses

of these rivers, including the Palar, and that they have probably occinred

in historic times. Ihe Kalingattupparani, written by Jayamkondan,
states that the Palar flowed to the north of Cojeevaram at that time

(1070 to 1119 A.D.) and thus helps us to flx the date of the change in the

course of the Palar. Bruce Foote has further suggested that these changes

may have been caused by human agency. The serious floods which occur

in the Palar as a result of the breaching of tanks along its course appear

to be sufficient to have caused these changes in the past.

20. The geographical limits of the Tamil region.

B. M. Thirunaranan, Madras.

This paper attempts to define €ts precisely as possible with the aid of
available topographic maps the geographical limits of the Tanfll region,

which forma a fairly well-defined natural unit. Its boundaries have been
defined with reference to its physiographic characteristics, its geological

structure and its plant cover, and the interrelationships between them. The
limits thus determined differ from the limits indicated by climatic condi-

tions, but show close agreement with the distribution of cultivation, of
habitations, and of communications, as well as with the limits of the

cultural unit, as shown by the distribution of the Tamil language and the

traditional limits ascribed to the Tamil region.

21. The geography of disease.

(Miss) M. W. F. Wabdikgton, Madras.

As Geography is the study of man in his environment, it is necessary
lo study the abnormal as well as the normal condition ofman as a physical
being. Of the factors of environment, climate is the chief in this connec-
tion. Its action may be direct, as when the conditions of air temperature,
moisture and movement affect favourably or otherwise man^s body :

or indirect, as in the influence of climate on the crops, and other sources
of food supply, and on insect life, which play such an important part in

the study of disease. Effect chiefly seen in study of Tropical Medicine,
but factors equally important in other climatic areas. Firstly, diseases

due to heat or extreme cold ; secondly, those showing the effect of altitude,

and light ; thirdly, those due to disturbances of diet ; fourthly, the control
of disease by water supply. Then comes the group of diseases of ‘ animal
origin *, parasites, flies, etc., or those contracted directly. The effect

of modem developments of transport on distribution of d^ease. Study
of important tropical and other diseases ; their control, and their effect,

apart from mortality. The universality of certain diseases. The economic
importance of disease necessitates its inclusion in the study of Geogi‘aphy.
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1. The nature of the subterranean algal soil-flora.

P. E. Frttsoh, London.

Many diverse algae can be obtained from soil-samples taken at con-
siderable depths below the surface and there are records of the occurrence
of algae down to a metre or more. In Europe this subterranean flora

prawjtically always includes common surface forms, like species of
Hormidium and Chlorococcunif although others like Prasiola and
Zygogonium which do not readily fragment have never been recorded
below the surface.

A number of soil-algae can readily be grown in artificial cultures in

the presence of carbohydrates (glucose, etc.) and other organic media.
In many instances, too, it has been found that good growth is made,
even in darkness. It has, therefore, been assumed that the algae buried
in the soil lead a saprophytic existence and there exhibit active growth
auid multiplication. It is very doubtful, however, whether this assump-
tion is warranted. The organic materials present in the soil are certainly

in great part different from those utilized in artificial cultures. Moreover,
direct attempts to grow soil-algae in sterilized soil in darkness (Petersen),

have afforded no evidence that they can multiply under the circumstances.
We are indebted to Bristol for a statistical study of the numbers of

algae occurring at different depths in a soil, and this investigation showed
that, whilst there was decrease in numbers immediately below the surface,

there was marked increase at 4 inches. That minute particles like algal

cells are readily washed downwards into the soil to considerable depths
has been shown experimentally, and the abundance at the 4 m. depth is

pmbably to bo ascribed to the occurrence of some physical barrier.

The evidence indicates that the subterranean flora comprises forms
which are passively washed downwards from the surface during rain ;

this is indicated by the almost invariable occurrence of common surface

-

forms in the deeper layers. The apparently distinctive subterranean
types have, however, to be aecoimted for. Most of the work on soil-

aigflo in recent years has centred round their depth -distribution and little

has been done on the surface-flora. The investigations of Petersen in

Iceland and elsewhere have shown, however, that a far greater diversity
of fonns are to be found at the surface than has hitherto been supposed,
and more extensive investigations would probably appreciably increase the
number. Many of the distinctive subterranean forms that have not
hitherto been found elsewhere belong to the Xanthophyce® (Hetorokont®)
and, since these forms are known often to be light-shy, it is quite pro-
bable that they do not inhabit the actual surface, but occur a short distance
beneath it where light, though of lower intensity, still penetrates. It is

not unlikely that investigation of the soil-layers that still receive light

would demonstrate a microstratifleation of the algal flora and that the
apparently distinctive subterranean forms would be found as inhabitants
of the layers just beneath the surface.

( 131 )
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It will be familiar that the ordinary means of dispersal of freshwater
alge from plcboe to place is effected by wind-borne resting spores. Large
numbers of these must fail to reach other bodies of water and will

on the soil-surface, there either to perish or to be washed downwards by
rain. This, in my opinion, accounts adequately for the very diverse
casual element in the subterranean flora.

It is, therefore, probable that the true algal flora of the soil is to be
found in the surface layers reached by light, and that it is here that it

fulfllls its important biological rdle. When once washed into the part
of the soil that is in darkness, some individuals may persist as spores or
perhaps even as vegetative cells, but it is improbable that these exhibit
any vegetative activity there. From the economic point of view, the
importance of algae in the soil rests on their presence at the surface and it

is here that their distribution and conditions of existence should be
studied.

%.

2. The life-cycle of the Ectocarpales.

F. E. Fritsoh, London.

It is now clearly established that the normal life-cycle in Ectocarpus
and its immediate allies involves an isomorphic alternation between
practically identical diploid and haploid phases, each capable of indepen-
dent propagation by swarmers from plurilocular sporangia. In the more
advanced members of the group Ectocarpales, taken in the widest sense,

we find a marked elaboration of the plant-body which may attain to con-
siderable complexity. Only in a few (e.g., Nenwderma, Lithoderma)^

however, does this elaboration appear to have affected both phases alike

so that the alternation remains isomorphic. In the vast majority of the
higher Ectocarpales it is the diploid sporophytic stage alone that has
been elaborated, whilst the haploid phase remains a simple ectocoipoid
filament, i.e. the life-cycle presents a heteromorphic ^temation. It

is very significant that the early stages of the diploid phase in these forms
always appear as heterotrichous ectoccupoid plants, from whose erect
branches tho mature diploid phase is progressively elaborated. Under
conditions of culture, and probably also at certain times of the year in

nature, the juvenile diploid phases may persist for considerable periods
(Sauvageau's ‘ plethysmothalli ’ in part), propagating by means of diploid

swcumers from plurflocular sporangia. At other times the gametophytic
stages may remain ctsexual and propagate by means of haploid swarmers
which represent apogamously developing gametes.

3. A note on two interesting South Indian marine alg»

;

Psevdovahnia Forbesii (Harv.) Iyengar comb. nov. and
Psevdobryopsis pa/mbanensis sp. nov.

M. 0. P. Iyengar, Madras.

Living material of both these algao was brought from Pamban and
grown at Madras in the laboratory and the several stages of their life-

history were studied in some detail.

Psevdovahnia Forbesii (Harv.) Iyengar comb. nov.

{Vedonia Forbesii Harv.)

This alga was xmtil now placed in the genus V<d<mia but a study of
its structure and development shows that it does not belong to this genus.
A new genus Pseudov^onia is created for the alga. The reasons for
separating it from Valonia are discussed in detail.

Numerous 4-ciliated motile spores are formed in the vesicle and
escape throiigh a number of roimd apertures formed in its wall and,
after swarming for some time, finally settle down and grow into new
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plants. No case of sexual fusion was observed. The occurrence of 4-

ciliated swarmeis in this alga is interesting^ since usually only biciliated

swarmers are formed in the Valoniaoese. The only previous record of 4-

ciliated swarmers is by Kuckuck in Valonia macrophysa Kutz.
Under unfavourable conditions, plenty of cysts are formed inside

the vesicle. These cysts grow into new plants, when conditions become
more favourable again.

Pseudobryopsia pamhamnaia, sp. nov.

The structure of the thallus and the formation of the swarm-spores in

a new species of Paeudohryopaia from Pamban are described in detail.

When the spores are fully differentiated inside the sporangium, they are

shot out in a mass through an apical rupture into the surrounding water
and swim away as biciliated swarmers. No conjugation of these motile

spores was observed nor their gennination into new plants. This kind of

sudden and forcible discharge of the contents of the sporangium shows a
certain amount of resemblance to what takes place in the fungus, Piloholua,

Such a phenomenon does not appear to have been recorded in any alga

so far.

The ruptured apex of the sporangium gets closed up by the formation
of a new wall-piece. The same sporangium can, after a few days, again
form a mass of spores at the apex as before and discharge them once
more. This process may be repeated for each sporangium several times.

4. A note on a Phyaocytium from South India.

M. 0. P. Iybngab, Madras.

Phyaocytium confervicolum Borzi was first described by Borzi from
Italy in the year 1883, but does not appear to have been recorded again
by anybody so far. The author collected this alga two years ago in a
stream at Vaiyampatti near Trichinopoly in South India. The structm«
and life-history of the South Indicui form are described in detail and the
author's observations confirm those of Borzi.

This genus we« variously placed by the previous workers in different
families. Lemmermann, West and Printz include it in the Chlorangieae.
Oltmanns places it in the Chlorodendracesc. Fritsch has recently suggested
its inclusion in the Ohlamydornonadaoeae. The study of the life-history

of the alga shows numerous points of resemblance to Chlamydomonaa and
the author therefore thinks that there is every reason for removing it

from the Chlorangieso and placing it in the Chlomydomonadacess as
suggested by Fritsch.

The peculiar feature of the alga is the retention of the motile daughter-
cells for a very long time inside the globular mucilaginous envelope formed
by the gelatinization of the mother-ceD-wall which again remains attached
to the substratum by the two original elongated ciliary stalks. This
motile stage of the daughter-individuals inside the mother-wall forms the
dominant vegetative phase of the alga. It is interesting to note that this
type of motile condition of ciliated daughter-individuals inside the gela-

tinous mother-envelope for a very long time as the dominant vegetative
condition of the alga has been recorded in a few other Volvocacese also.

A very brief account of these is given in the paper.

5, Aposporous prothalli in Osmunda javanica Bl.

P. C. Sarbadhikari, Colombo.

1. Aposporous growth of the prothalli originates either from the
surface, or more frequently from the edge of the frond.

2. The majority of the prothalli are regular in shape, but irregular

ones are by no means uncommon.
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3. The regular prothalli are much more heart-shaped, except that

they have no well-developed cushion.

4. The appearance of the embryo is heralded by the formation of a
very much localized hypertrophy situated just behind the growing-point.

5. The embryo arises as a direct vegetative outgrowth from the

prothallus, and, when very young, consists of a mass of cells in which
the apical cells of the cotyledon, stem and root, are recognizable.

6. There is no reduction of the chromosomes on passing from the
sporophyte to the gametophyte.

7. The evidence afforded by the material on which the study of these

prothalli has been based leads to the conclusion that the whole process is

to be regarded as a kind of irregular fertilization. The doubling of the
chromosomes receives an explanation strictly analogous to that afforded

by the normal fusion of the oosphere and spermatozoid. But instead of
one coll only serving as the starting point for the new generation, a num-
ber of such units loosely co-operaf<) to produce it.

*

6. Contributions to our knowletlge of Indian marine algse.

I. On some green algae from Karachi.

P. Anand, Lahore.

The total number of species described so far is 18, some of which are

new records for the Indian coast. They include 3 new species {Cladophora

kemariensiSf G. Fritschiy Gha-etomorpha prostrata) and one now variety

{Gaulerpa racemosa var. intermediata).

GUidophora kemariensis

:

Plants forming loose tufts, 12-35 cm. high,

without any branches in tVie basal portion, dark olive-green, flaccid, cells of

the main filaments 220-270/t4 in diameter, more than 10 diameters long,

branching alternate or opposite, in certain terminal tufts di-polychotomous,
ultimate ramuli alternate, with or without one or more cells in between
the ramuli and strongly lamellate cell walls, cells of the ramuli 100-

150fi in diameter, 2-4 times as long.

G. Fritschi : Plants 9-16 cm. high, yellow-green in colour, soft, tufts

of ramuli in which the branching is di-polychotomous, cells of the main
filaments 200-250fi in diameter, 6-8 times as long, cells of the ramuli
60-80/4 in diameter, 4-6 times as long.

Ghaetomorpha prostrata i Plants forming compact mat by inter-

twining of the filaments. Filaments declined, coiled and contorted,
attached by means of rhizoids to the soil and to one another. Rhizoids
usually one, rarely two from each cell, binding lot of mud.

Gaulerpa reuxmosa var. irUermediata : -This variety combines the
characters of a number of different forms. The same assimilator may
bear ramuli with convex, concave or disc shaped apices and on the same
stolon some assimilators may bear uniformly thickened ramuli. . Some
assimilators may also bear a few typical peltate ramuli like those of
G. peUata.

7. Observations on the morphology, cytology, and develop-

ment of a South Indian Pithophora.

K. E. Ramanathan, Madras.

1. Three forms of Pithophora (probably belonging to P. polytnorpha
Wittr.) were investigated in detail with a view to study their structure
and life-history. All the three forms showed a differentiation into a
distinct cauloidal and a rhizoidal system. Helicoids were observed fre-

quently in all the three forms and showed several variations. In addition
to the usual imseptate helicoids described by various authors, septate
helicoids wore also often observed. Such septate helicoids do not appear
to have been recorded so far in Pithophora. These helicoids, whether
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septate or xmseptate, were often observed to proliferate new fUaments
from some of their branched ends. Proliferations from helicoids have not
been previously known in PUhophora.

2. A cytological study of the vegetative cell and of the resting spore
was made with the help of microtome preparations. The nuclear division
is mitotic and quite similar to that of Cladophara. The number of chro-
mosomes is probably 30-36. The spindle is intranuclear. The nucleolus
reacts negatively to Feulgen’s nuclear reaction. In addition to normal
nuclei, some abnormal nuclei nearly twice the size of the ordinary ones
were obser\^ed. The evidence available suggests that these large nuclei

are probably derived by the fusion of two ordinary nuclei. Such large
nuclei were found inside the spores also.

3. The development of the spore was followed in detail. The
release of the ripe spores does not take place by tho more decay of the
thallus, as is usually believed, Tho subsporal cells form a ring-like swelling
on either side of the ripe spore through the activity of their sparse pro-
toplasmic contents. Soon a break of tlie filament takes place along the
circumference of each of these two ring-like swellings and liberates the
spore from the filament.

4. The germination of the spore was followed in detail and some
new obser\^ation8 are recorded.

8. The prothallus of Equisetum debile, Roxb., var. pashan.

Poona.

T. kS. Mahabale, Ahmedabad.

The prothallus of this local variety of Equisetum is a small, circular,

button-shaped body, red, brown or green in colour, measuring about
1 to 2*6 cms. in diameter and, 0*2 to 0'3 cm. in height, including the
lobes.

The body of the prothallus is divisible into three parts : ( 1 ) an upper
part, bearing erect leafy lobes, marginal meristem and reproductive organs ;

(2) a mewsive cushion in the middle, made up of four to seven layers of
thin walled colls ; and (3) a lower part with numerous rhizoids. The
prothalli are monoecious, and agree in this respect with the prothalli of
R. Icevigatumf E. kansanum^ and E. debile proper, but not with those
described by Buchtien, Goelx)l, Hofmoister, and Phatak.

The paper further discusses the symmetry of the prothallus in

Equisetum. The prothcdlus is radially built in Psilotales and Lycopodiales.

The gametophyte of Equisetum, as found in nature, has erect lobes, repro-

ductive organs and embryos all round the thallus, and a cushion in the

middle. It is difficult to consider such a structure as dorsiventral. A
comparison has been further made with the prothallus of Lycopodium
cernuum and* it h£w been suggested that flattening out of the prothallus in

Equisetum is due to condensation of the middle region corresponding to the
shaft in L. cemuum. This, however, does not appear to affect its S5nn-
metry which may, therefore, be considered ets radial.

Phanerogams and Taxonomy

(Chairman : Prof. S. P. Agharkae.)

9. The origin of different forms of ovules in the angiosperms.

A. C. JosHi, Benares.

Evidence is presented from the development of the carpels and ovules

in a number of families ofmodem flowering plants and from the systematic
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distribution of the orthotropous ovules to show that the different forms
of the ovules have originated as a result of various meohanioal forces

exerted on the ovules during development. The subjection of an ovule

to pressure from all sides during its development has resulted in the

origin of the anatropous ovule. Absence of pressure from one side has
resulted in the appearance of the amphitropous ovules. The oampylo*
tropous ovtdes have originated either from the anatropous or amphitropous
ovules, because they pass through these stages during their development
and the ovules in some cases are ana- or amphi-campylotropous. They
represent the most advanced form of the ovule, and the factors responsible

for their origin from anatropous or amphitropous ovules are either extra
external pressure exerted by the growth of the placenta and funicle or

internal pressure caused by the stretching and curving of the embryo-sac.

Such a view of origin ofthe different forms ofovules explains the occurrence

of transitional forms in many plants, the variations in the orientation of

the ovules in a ccurpel or in the carpels of closely related species and genera,

and the absence in many cases of any relation between the direction of

the ovules and the position of the style and stigma. The anatropous
ovule is most common now because with the porogamous method of

fertilization it is the most suitable form of the ovule. It limits to the
minimum the distance through which the pollen-tube has to travel in an
empty space.

10. Observations on the flora of Bhutan.

K. P. Biswas, Calcutta.

The territory of Bhutan forms an integral part of the botanical
province known as the Eastern Himalayan Province. In discussing the
vegetation of Bhutan one cannot separate the adjacent plant communities
of Sikkim on the west and the vegetation of the montane zone of Assam.
Plant hunting in the Sikkim area dates from a very early period, and sys-
tematic collection of the interesting flora of this region was started by
J. D. Hooker in 1848. Hooker’s account and his treatment of the plant
commimities will supply valuable data upon which any conclusion on the
vegetation of this part of the country can be based. Although much of
the primeval nature of the forest flora and political demarcation of terri-

tories have undergone changes since.

The present boimdary of Bhutan does not include Kalimpong, which
was annexed after the detention of Hooker in 1849. Since 1866 onward
this portion of Bhutan has formed part of the Darjeeling District. A
fair proportion of the * Bhutan * collections of Hooker, Griffith and
Thomson are from the Kalimpong area. Apart from the eeflier scrappy
collections of Bhutan, Mr, R. E. Cooper, Curator of the Royal Botanic
Garden, Edinburgh, made a substantial collection in Bhutan in 1914.
The war prevented the working out of this collection for some time, and
the collection was partly destroyed during the war and much of the
material is in a dilapidated state, although a substantial portion of the
collection, particularly primulas, has been worked out. The writer has
also been able to add to his list a few himdied of these plants with the
help of Su William Wright Smith and Mr. Cooper. I have also had the
opportunity to collect along the borders of Bhutan and Northern Bengal.
His Excellency Sir John Anderson, with Babu H. P, Ncusker, one of the
i^istants of the Royal Botanic Garden, Calcutta, made a valuable collec-
tion from Bhutan proper. But the most important collection which
will fonn the bulk of the Bhutan flora of late, apart from those of older
collections, is that of Messrs. Ludlow and Sherriff. They have been
accumulating a rich harvest of specimens from many of the hitherto
unknown localities of Bhutan since 1933. Some of their plants have
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therefore turned out to be new. They have also collected seeds and
these are under cultivation at the Boyal Botanic Garden, Edinburgh and
Royal Botanic Gardens, Kew. I have been able to incorporate the list

of the species collected by Messrs. Ludlow and Shorriff by kind permission
of Mr. Ramsbottom, Keeper of the British Museum (Natural History),
London.

Taking into consideration this fairly substantial material, the plant
succession from the subtropical zone to the snow line is in general agreement
with the flora of this region as a whole, although, as shown on the table,

differing in the composition of the species. I also agree with Captain
Kingdon Ward that the density of Rhododendron association is reduced in

the extreme north-eastern flanks backing Upper Burma and Szechuan.
It is indicated even on the right flcmks of Bhutan hill ranges. Comparison,
as illustrated in the photographs of the Sikkim and Bhutan areas, indi-

cates such a difference in the nature of the vegetation as one proceeds from
Sikkim to Bhutan.

11. The Monocotyledonous seedlings of certain Dicotyledons

with special reference to the Gesneraceee.

Arthur W. Hill, Kew.

The paper opens with a discussion of certain Dicotyledonous genera
whose seedlings normally possess only a single cotyledon instead of the
pair typical for Dicotyledons. These include Cyclamen^ RanuncuLua
Ficaria, Bunitmt Erigenia, Corydalia cava, Pinguicula and Abronia. In
all these cases there appears to be no support for Miss Sargamt’s theory
that the single cotyledon represents two fused cotyledons. Evidence is

produced to show that the second cotyledon may either be rudimentary
and capable of development {Cyclamen) or wholly suppressed (Ranunculus
Ficaria, Bunium, etc.). Reference is also made to the apparently mono-
ootyledonous seedlings of the bulbous Peperomias, where one of the two
cotyledons never leaves the seed-coat and is a purely absorbent organ.

The various genera of Gesneracese, in which one of the two cotyledons
of the seedling is arrested in development and ceases to grow, are then
considered. These include the Asiatic genera Chiriia, MouUonia, Mono*
phyUea, Didiaaandra, and Didymocarpua from Indo-Malaya, China,
Austredia and Tropical Africa : Streptocarpus from South Africa and
Malaya : Klugia from Ceylon and America, and several others. Some
of these, such as many species of Streptocarpus and a few Chiritas,

MouUonia, Monophyllea, Acanthonema, etc. possess only one leaf—the
enlarged cotyledon—^throughout their life-history. Other species of
Streptocarpua and Chirita and also SairUpaulia (E. Africa), Ramondia
(Europe) and others develop a rosette of leaves but no plumular axis,

while the third group including most Chiritas, several species of Strepto*

caa^pue, Briggaia and Klugia and some other genera, consists of herbaceous
plants with well-developed leafy shoots. In all these cases one of the two
cotyledons ceases to grow at an early stage and aborts emd, in the case

of the caulescent species, no functional axillary bud is developed in its

axil.

It is considered that the unifoliate genera and species represent the

primitive conditions and that the caulescent forms are derivates from
ancestors which had assumed the unifoliate habit, and have been unable,

except in rare cases, to recover the use of the second cotyledon whose
development has been arrested.

It is further demonstrated that the single leaf of the unifoliate genera

and species Ascribed is not really the enlarged cotyledon, since the coty-

ledon itself can be recognized as a persistent tip in many cases on the

large, hairy laminA which is the sole leaf of the j^ant. The *

leaf * arises
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a8 the result of meristemmatic activity at the base of the petiole, in the
region where the persistent cotyledon joins the hypocotyl. As a result of
this meristematic activity the largo lamina of the Streptoca/tpus leaf,

reaching to as much as 30 inches long by 22 inches wide in S, Dunniif
or the large ‘ cotyledonary leaves * with long petioles in Chirita lavandulacea,

etc*, are formed.

12. The principles of floral construction.

E. R. Saundbbs, Cambridge.

It is a familiar fact, though often ignored, that the traditional inter-

pretation of the construction of many floral types rests upon suppositions

unsupported by any evidence. These suppositions almost invariably

take account only of external appearances. When observation is extended
to the internal structure—to the vascular system—many prove to be
‘ morphological fictions ’ and, moreover, to be entirely superfluous.

It becomes clear from a study of the vascular system that the vascular
groimd-plan is directly related to the floral ground-plan and exhibits a
similar degree of constancy. The nature of this relationship shows that
it is no longer necessary to postulate, as hitherto, hypothetical splittings

and fusions, ‘ false ’ partitions and vanished whorls. The now evidence
solves the problem presented by the superposition of successive whorls
(one class of case excepted). It leads to a wholly new conception of the
construction of the syncarpous g3maeceum. It destroys the fiction of
the commissural stigma and the epigynous flower. It throws an entirely

fresh light on parietal, axile, basal and free-central plaoentation ; on
the g3mobasic style ; on septicidal dehiscence ; and on various other
morphological features hitherto unexplained. Among such are tho
number of styles and stigmas in Urenete (Malvacese), EschachoUzia (Papa*
veracesB), Aphyllanthes (Liliaceae), Pmpalanthus (Eriocaulaceae), and of the
partitions in the ovary of lAnum ; tho position of the solitary ovule in
Astrocarpixs (Resedacoro) ; the dehiscence of the fruit in Epimedium
(Berberidaceaj) ; the nature of the difference in the ground-plan of the
gynssceum in Reseda luteola and R. odorata

;

tho fact that in some iso-

merous types the suppression of a whorl does not affect tho position of the
succeeding whorl ; the fact that obdiplostemony does not occur among
Monocotyledons ; and other features and interrelations in many familios.

13. The embryo sac and embryo of Tamarix chinemia Lour.

V. Puri, Meerut.

While at- Kiel (Germany) Dr P. Maheshwari of Agra collected some
material of Tamariv chinensis in September 1936 and very kindly passed
it on to the author for investigation. The flowers are hermaphrodite but
the development of the male gametophyte goes much ahead of the female
gametophyte. Usually a single hy^dermal archesporial cell becomes
differentiated in a narrow bi-tegumentary nucellus. By cutting off a
parietal cell it functions as a megaspore mother cell. The*nucleus divides
twice to produce four megaspore nuclei which do not become separated
by walls. The most common arrangement for these nuclei is l-f-2-f-l.
Later on the two central nuclei descend into the chalazal end giving
rise to a 1 + 3 arrangement. At the next division the three spindles in
the chalazal region fuse together and result in only two nuclei which
are larger in size than the micropylar ones and contain 3n chromosomes.
Again a four-nucleate embryo sac is produced. The next division results
in a normal 8-nucleate embiyo sac. The development of the embryo
sac is thus after the ‘ FritiUaria-type ’.
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The fertilized egg soon divides by a transverse septum. Some more
transverse divisions take place to form a linear row of 6 or 7 cells. Then
the apical region swells up to form a bulbous embryo proper while the
basal portion forms a spindle-shaped suspensor. Further development
results in a typical dicotyledonous embryo.

14. A contribution to the knowledge of the wood-anatomy of a
few Meliacese and Rutacese occurring in Bengal.

S. Hedayetullah and A. K. Chakravorty, Dacca.

The value of the study of wood anatomy from the systematic point
of view has been emphasized.

The importance of statistics in the study of wood-anatomy has been
discussed.

Twelve available species of meliaceac belonging to ton genera and two
species of rutacese belonging to two genera have been worked out.

Jeffrey’s and Schulz’s methods have been found suitable for macera-
tion and the cellulose acetate method described by Williamson for

softening.

The classification proposed by Kribs on the basis of wood anatomy
has been reviewed and the position of Carapa and Cedrela in the Swieteni-
oideec has been discussed.

The separation of Chloronjlon from the meliacea', on the basis of wood
stmcturo has been continued.

Other genera have also been discussed. They confirm mainly the
observations of Kribs, with minor differences which are recorded,

15. A contribution to the morphology of Garthamua tinctoriuSf

Linn.

I. Banerji, Calcutta.

1 . The development of the floral parts takes place in the following
order :—petals, stamens, sepals and carpels.

2. The development of the microspores appears to be normal and
no irregularity has been noted. The meiotic divisions are of the simulta-

neous t3rpo. The haploid niunber of chromosomes is twelve. A peri-

plasmodium is formed in the anther. The plasmodial substance is

deposited on the spiny exine of the pollen grains which then become
differentiated as blunt processes. The microsporcs, before liberation from
the microsporangimn are uninucleate and have three germ pores.

3. The ovule is anatropous and possesses a single integument and
scanty nuceUus. During the development of the embryo-sac the single

layer of cells enveloping it disintegrates completely and the embryo-sac

is enclosed by the integument whose iimemnost layer becomes differentiated

and forms an ‘ integumental jacket
4. A single arehosporial cell differentiates in the hypodermal layer of

the nucellus and functions as the megaspore mother cell. Two megaspore
mother cells have also been observed lying side by side in the hypodermal
layer. As a result of the activity of the megaspore mother coll a linear

tetrad of megaspores is produced of which the chalazal one gives rise to

an eight-nucleate embryo -sac by three successive divisions.

6. The mature embryo sac is of the normal angiospermous type.

The nuclei of the antipodal cells divide and the cells become multinucloate.

6. The synergids and the antipodals degenerate before fertilization

and the secondary nucleus lies very close to the egg. Fertilization is

porogamous. The sperms appear as distinct nuclei.

7. The division of the endosperm nucleus occurs prior to that of the

egg and the endosperm is of the nuclear type. The zygote divides first

by a transverse wall. The further development of the embryo appears

to be of the CapwUa type.
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16. On the floristic elements of the flora of Bengal, Bihar and

Orissa and their origin.

A. K. Ghosh, Calcutta.

In this paper are summarized the results of a study of the distribution

of about 1,200 species of trees, shrubs, undershrubs and perennial herbs,

oociuTing within the boundaries of Bengal, Bihar and Orissa excluding the

Himalayas.
This area is divided into the following 8 sub-areas, based mainly on

the climatic factors, viz.,, temperature, rainfall and relative humidity.

I. Coastal Orissa,

II. Orissa proper.

III. Ghotanagpur.
IV. Sundribans.

V. E, Bengal,
VI. Chittagong.

VII. Bxhar.

VIII. W, Bengal and 0, Bengal,

Floristically areas II and III form part of the Deccan province

areas I, IV, VII and VIII form the province of the Lower Gangetio Plain,

and the areas V and VI are included within the N.-W. Burman province.

An attempt has been made to indicate the source from which these

species have entered the area investigated by a study of their means of
dispersal and their total distribution.

The routes by which migration of the species has taken place are

shown on a map which will be exhibited. The varioiis elements com-
posing the flora are as follows :

—

1. The Bengal dement or the element represented by the Lower
Gangetic Plain.

2. The Malabar element. A large number of endemic species have
been produced in this area and have thence entered Bengal.

3. The Upper Burmese element, representing the sub-tropical rain

forest element of Assam and N. Burma.
4. The Afro-Arabian element which entered the Indian area from

the west.

6.

The Chinee element, hardly extending beyond the Himalayas.
6. The Himalayan element ; this has also produced endemic species.

7. The Malayan element, many species of which are dispersed by the
sea and are carried to the Gangetio delta (Sundribans) and thence carried

further inwards.
8. The Burmese element which has produced a large number of

endemic species within the area.

9. The Oriental element migrating from the Mediterranean through
N.-W. India.

17. A contribution to the life-history and cytology of some
Panjab Zygophyllaceae.

S. L. Ghosb and Dilawab Hussain, Lahore.
1. Observations on the micro- and mega-sporogenesis of Tribulus

terreatrid and Peganum Harmala are recorded.
2. No periplasmodium was seen to be formed.
3. The second contraction of the spireme has been observed in

heterotypic division,

4. In T. terrestris sometimes aU microspores of a tetrad may dis-
integrate.

5. In P. Harmala O3rtokme8is takes place by furrowing.
6. The generative cell is lens-shaped.
7. In P. Harmala the megasporangial archesporium is many celled,

but only one of the cells is functional.
8. In both plants a primary wall cell is cut off in megasporogenesis.
9. The S3mergids are hooked and the three antipodes lie in one

row.
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Oenetics and Cytology

(Chairman : Db. E. K. Janaki Ammal.)

18. The biology of crossing-over.

C. D. Darlington, London.

Two important changes take place at meiosis : reduction in the
number of chromosomes by the segregation of partners and crossing-over
between those partners. Crossing-over takes place as a result of a torsion
developed in the paired chromosome threads. This torsion twists the
threads round one another until an equilibrium is reached like that
reached in the operation of spinning. The chromosomes divide,

the equilibrium is upset and the daughter threads break at opposite
points ; the broken ends twist and rejoin : crossing-over has taken place.

Since attraction is limited to pairs of threads, division of each chromo-
some into a pair of threads causes the partners to fall apart. But since

crossing-over takes place at the same time and produces an exchange of

partner amongst the threads, all four threaids remain held together at
the points of exchange or chiasmata. All the later association of the
chromosomes and hence their segregation and reduction depends on these
chiasmata.

Crossing-over is not therefore merely a genetical incident in the
segregation of chromosomes at meiosis. It is the mechanical conditio

sine qua non of meiosis and hence of sexual reproduction. From this

fundamental effect of crossing-over we must distinguish its incidental

effects. These are of two kinds. First it simply recombines the parts of
the chromosomes, or genes, without changing their arrangements.
Secondly in structural and numerical hybrids it has the special effect of
altering the arrangement of the genes and producing in the already changed
chromosomes secondary changes. Such changes are responsible for the
attachment of X and Y chromosomes in Drosophila, the production
of several kinds of mutants in the hybrid species of Oenothera and the
fragmentation of chromosomes in many known interspecific hybrids.

We do not yet know how important secondary structural change may
be, but it is probably an integral part of the mechanism of variation in all

sexually reproducing organisms. The incidental effect of crossing-over

has thus become as important as the fundamental and original one.

19. Structure of the meiotic chromosomes of Hosta Sieboldiana

Hosk.
H. K, Nandi, Calcutta.

A detailed investigation of the present material furnishes evidence
to show that the chromosomes exist as spiral threads in all the stages of
chromosome cycle.

At the heterotypic prophase the * chromomeric ’ appearance of the

leptotene and zygotene threads are seen as optical images produced by
twists of the finely coiled spiral structure of the lower order.

At diplotene each homologue shows indication of doubleness resulting

in quadripartite structure. It can now also be seen that the chromatids
have exchanged partners thus forming chiasmata.

At diiddnesis each chromatid is seen as a doubly coiled structure

composed of major and minor spirals which are fitted into the spiral

of iti^artner.
OAie bivalent chromosomes at metaphase are shorter and thicker.

71118 shortening is due to the development of the major spiralling or
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Bpiralliiig of higher order. The double coiled nature of each chromatid is

clearly demonstrable by ammonia treatment.
As the chromosomes reach the poles at anaphase I, they become

drawn out when the tension of the major spiral is released. The sister

chromatids become separated except at the spindle'attachment region.

At telophase the major spirals still expand due to the relaxation of

the coils and also because the matrix of the chromosomes is exuded out to

contribute to the formation of the nucleolus. The minor spiral or spiral

of the lower order is now clearly visible.

The chromosomes in the homotypic metaphase show spiral structure

in which the gyres are of smaller diameter and larger in number than
those of the spirals of the heterotypic metaphase chromosomes, i.e. spirals

of the higher order.

Convincing evidence of the presence of coiled chromonema throughout
all the phases of chromosome history substantiates the theory that the

individuality and continuity of the chromosomes is maintained from one
cell generation to another and suggest that spiralization is a mechanism
essential for the preservation of the linear order of the genes.

20. Cytogenetical studies on jute.

H. K. Nandi, Calcutta.

The diploid chromosome number of Corchorm capaularis Willd., is

2n = 14. No other deviating number with less or more chromosomes
has been reported in the species or varieties of jute.

The writer in the course of his cytogenetical studies discovered a
variant plant in the lute cultures which is charac/terized by much smaller
and deeply serrated leaves quite different from the normal varieties. The
plant is bushy in nature and profusely branched. The two hood-like

appendages generally present at the base of t>ho lamina in the normal
varieties are totally absent in the variant. Flower buds are much smaller,

stamens fewer in number ranging from 10 >16, the normal with 15-24.
Some of the stamens in the mutant are transformed into petals. Anthers
are generally empty with deformed and aborted pollen grains. Ovary
with a very short style and trifid or 4-fid stigmas, the normal with a long
style and undivided stigma. Capsule smaller with very few seeds.

Cytological studies have revealed 1.5 chromosomes in the root-tip
cells. This is further corroborated by studios of the pollen mother cells.

The variant is therefore a trisomic mutation (2w-|-l).

Study of the pollen mother cells at diakinesis revealed six pairs of
bivalents and a trivalent as also seven pairs of bivalents and an univalent.
At anaphase I and II, eight and seven chromosomes could be seen passing
to the daughter cells. Sometimes a lagging univalent was noticed in the
first and second division.

The trisomic thus produces dimorphic gametes with 8 and 7 chromo-
somes. The breeding behaviour of the mutant shows that when the
trisomic is selfed, it produces a liigh percentage of mutants in the Fx.
When the trisomic is used as male and the normal as the female, the
fiercentage of trisomic mutation is considerably reduced in the Fi progeny.
This shows that egg cells with one extra chromosome are more effective m
fertilization and in the transmission of mutant characters.

Studies of the normal variety from which the mutant arose have
shown failure of pairing of one bivalent in the pollen mother cells. This
gives rise to gametes with 8 and 6 chromosomes. Similarly it is expected
that such things happen in the megaspore division. The trisomic most
probably arises from the union of an egg cell with 8-chromosome gamete
and a 7-chromosome pollen.

Clear evidence of secondary association is observed for the first time
in jute. The maximum association is two groups of two bivalents, the
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other three bivalents remaining separate. It is therefore suggested that

the basic number of C. ca>paidaria is 6 = 5, the present number n = 1,

is secondarily balanced.

21. Chromosome behaviour in Saccharum spontaneum x Sor-

ghum durra hybrids.

(Miss) E. K. Janaki Ammal, Coimbatore.

Twelve out of thirteen hybrids between Saccharum spontaneum
(2n = 56) and Sorghum durra (2n = 20) had 2n =38 chromosomes, and
a single * triploid ’ hybrid plant (containing two sots of S. spontaneum
chromosomes and one set of Sorghum) had 2n = 66. The characteristic
‘ A ’ chromosomes with a prominent sub-terminal attachment constric-

tion, which is foiuid in the genus Sorghum, could be identified in all the
plants examined. A comparative study of meiosjs and an analysis of
chromosome pairing in both types of hybrids is presented.

22. The structure of the chromoHome.

R. Ruggles Gates, London.

All the recent critical work has decided against the chromomei'e
theory and in favour of the theory of a chromonema or thread of uniform
thickness composing the essential part of the chromosome in plants.

Animal cytologists still frequently adhere to the chromomore hypothesis,
but it appears unlikely that such a fundamental difference in structure
exists between plant and animal chromosomes.

Critical observations of plant and animal chromosomes indicate that
the chromosome is always at least a two-stranded structure, each of the
strands which is about to separate in metaphase undergoing a split in

prometaphase. It is possible that the chromosome may even bo four-

stranded, as the work of certain investigators suggests. The individual
threads are spirals throughout the mitotic cycle, reaching the maximum of
condensation at metaphase and being drawn out so that they more or less

completely lose their spirality in the resting stage. The spiral itself may
be ultimately related to the structure of the protein molecule.

Recent work on the satellites in relation to the nucleolus represents
one of the moat important advances in our knowledge of nuclear structure.

Studies of rice, wheat and various other plants show that the history of
the satellites and their relation to the nucleoli can be used as an important
method of confirming or altering conclusions drawn from secondary pairing.

Tn this way secondary polyploids can be discovered and the phylogenetic
history of the nucleus from genus to genus can be read in its structure.

This method is destined to throw much light on intergeneric relationships

where changes in chromosome number are involved. The nature of the
thread attaching a satellite to its chromosome needs further study.

The salivary chromosomes of insect larvae, with their enormous size

and conspicuous pattern of chromatin discs apparently corresponding to
genes, appeared to offer great- hopes of further understanding of chromo-
some structure. But recent observations and conclusions have been so

divergent and contradictory that this hope has not been fulfilled.

The numerous similarities in the structure of animal and plant chromo-
somes and their similar relationship to the nucleolus in the higher
organisms, together with divergencies in such groups as the Protozoa
and the Rhodophyoese, indicate a great deal of parallel evolution in the
nuclei of higher plants and animals.
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Mycology and Plant Pathology

{Chairman : Peof. K. C. Mbhta.)

23. Host range and identity of the smut causing root-galls in

the genus Brassica,

B. B. Mitndkub, New Delhi.

Symptoms of a smut which produces root-galls in Brassica campestris

L., are described and it is shown by pot experiments, that considerable

reduction in yields may be caused as a result of attack by this fungus.

1’ho smut is soil-bomo and the galls are capable of spreading the disease

from place to place.

Besides mustard, several other species of Brassica including radish,

turnip and cabbage are attacked by it.

This smut is not capable of infecting Turritis glabra and Matthiola
smuata, species that are susceptible to TJrocystis coralloides. This fact,

and the spore-measurements indicate that the Indian smut is not U.
coraUoides and that it is a new species. The name Vrocystis brassicce is

therefore proposed for it.

24. On a new Ravenelia from India.

B. B. Mundkub and N. Pbasad, New Delhi.

A rust which belongs to the genus Ravenelia was found affecting

Acacia modesta Wall., near the Imperial Agricultural Research Institute,

New Delhi. Collections were made on January 6th and February 26th,

1937. Pycnial, aecial and uredial stages were not present. The telial

heads borne on short, hyaline, deciduous stalks, measured 8;1-128/a

in diameter ; they are convex, hemispherical to orbicular, and alantoid

in side-view. The teliosporos are unicellular, 10-12 across, with epispore
5~7/x thick at apex. The cysts are pendent, oblong-ovate and their

number is the same as the number of single cells in the head, Ravenelia
belongs to the sub-section Haploravenelia and on comparison with other
species reported to occur on the genus Acacia, this specimen has been
found to be a new species. The name Ravenelia Taslimii Mundkur nov.
sp., is proposed for it.

25. Effect of the locality and the time of sowing on the incidence

of ‘ 8pot blotch ’ disease of barley.

M. Mitba, New Delhi.

While studying the * Spot blotch ’ disease of barley caused by
Helminthosporium scUivtm, the author has observed

: (1) that the
incidence of the disease varies from year to year, (2) that in the same
year the range of variation in infection in different plots was quite marked
although the seed had been sown on the same date, (3) that within the
same type which was sown on different dates in different plots, the per-
centage of leaf area destroyed by H. sativum varied from 1*37-7*83, which
is indeed a wide range, (4) that within the same plot, the portion of
land on which seed was sown earlier showed more disease . Environmental
factors such as temperature, humidity, soil type, etc. play an important
part in the development of * Spot blotch * disease of barley.

26. Competition in fiingi,

T. S. Sadasivan, Lucknow.
A ni^ber of fungi, Fuscurium sp., H^tmMhcspcrimn sp., OihberMs

sp., Monilia sp., Phoma sp., and DendryphieUa sp., were used m order
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to ascertain the nature of comjwtition in fungi, by allowing them to com-
peteinmedia differing in composition of acid, alkali and nutritive chemicals.
Inocula were placed mixed, adjacent and 2 cm. apart. Interesting results

were obtained with two fungi—a species of Fusarium and a species of
DendryphieUa, Some of the more important points observed were ;

1. In the standard synthetic medium both the strains had almost
the same rate of growth makitLg it possible for them to compete on more
or less equal terms.

2. In all cases where the inocula were placed adjacently, the mutual
reaction between the two fungi was more pronounced.

3. In the malic acid media DendryphieUa remained recessive in the
adjacent cultures up to 1*0% and then was dominant till 1*76% when both
the strains ceased growth.

4. In the NaOH media, in the adjacent cultures, Fuaariam was
recessive up to 0-26% (after fluctuating in the lower strengths) and
dominated over DendryphieUa till 0*5% when the growth of both came
to an end.

6.

In the adjacent cultures in the Na2C08 media, Fusarium was
dominant^ throughout the series and DendryphieUa stopped growth com-
pletely at 0*16% (after fluctuating in the lower strengths) while Fuaariwn
grew on unhampered.

6. In KNO3 media, in the adjacent cultures, DendryphieUa dominated
up to 0*75% and then Fusarium took the upper hand and finally overcame
DendryphieUa by completely stopping DendryphieUa growth at 10*0%.

7. In the adjacent cultures in the Glucose series Fusarium was
throughout dominant from 0*1 to 12*0% and DendryphieUa recessive with
three points of complete inhibition at percentages 0*1, 0*2, and 0*4.

8. In all cases where the fungi liave been inoculated adjacent and
2 cm. apart, the growth rate increased and complete inhibition took place
at a higher percentage of the different acids, alkalis, etc. as compared with
the controls.

I wish to express my grateful thanks to Dr. S. N. Das Gupta for sug-
gesting this problem and offering me ready guidance and criticism
throughout.

27. The sexual process in fungi.

A. H. R. Bttlleb, Kew.

Physiology and Ecology

(Chairman : Prof. P. Parija.)

28. Studies on the effect of definite doses of alcohol on the

activity of certain enzymes in the leaf of Eugenia

U. N. Chatterji, Allahabad.

Experiments were carried out with a view to find out the effect of
alcohol-injection on the activity of certain enzymes in the leaves of
Eugenia jamholana. Definite doses of ethyl alcohol, CH8CH2OH, were
injected, the percentages ranging from 2 to 15. The enzymes studied
were diastase and catalase.

It was seen that alcohol-injection increased the activity of those

enzymes, the highest stimulation obtained was by a 6% dose in the case

of diastase, and 8% dose in the case of catalase. The increase in the
activity of diastase corresponds with increase in respiratory carbon
dioxide output as enhanced by alcohol.
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Beyond 5% and 8% alcohol-injection there is a progressive fall in

the activity of these enzymes.
It has also been found that alcohol-injection reduces the hydrogen-

ion concentration of the leaves or increases the pH. It seems that alcohol-

injection shifts the pH to a value nearer the optimum for diastase and
by reducing the medium from a more to a less acidic one increases the

catalase activity. The acceleration of both the enzymes diminishes

considerably after 24 hours.

29. The effect of carbon dioxide on water entry into the roots.

T. Ekambaram and V. K. Kamalam, Madras.

1. Absorption of water by the roots of Tomato and Erythrina indica.

in water with CO2 dissolved in different concentrations was studied.

2. In Tomato, there was an initial fall, a subsequent rise and a
final fall in the rate of absorption with high concentrations.* There

was no effect with lower concentrations. In Erythrina^ water saturated

with CO2 caused depression but no effect was obsei*ved with high con-

centrations as in Tomato. But depression occurred when kept in higher

concentrations for longer periods. With lower concentrations there was
no effect.

3. That no oxygen was supplied in the solution is emphasized.

39. Permeability of the xylem vessel wall.

T. Ekambaram and V. K. Kamalam, Madras.

1. Cut ends of the shoots of Tecoma Stans were placed in 10%
solutions of 24 different chemicals.

2. As the solution ascended mto the shoot, two types of killing of the
living cells in the stem and leaves were observed (1) the acetic acid

type in which the cells adjoining the xylem vessels in the stem and the
cells along the veins in the leaves were first killed, ind (2) the Potassium
Nitrate type in which the cells in the stem along the vessels wore not
killed but the killing started in the groups of mesophyll cells at the vein
endings, (3) it is inferred that the wall of the xylem vessel is not equally
permeable to all the different solutes present in the transpiration stream,
as is generally assumed.

31. Studies in the physiology of spike disease of sandal.

A. V. Varadaraja Iyengar, Bangalore.

I. Mineral nutrition of sandal in relation to health and disease,—

A

chemical exammation of healthy and spiked plants revealed an abnormal
metabolism of calcium and nitrogen in the diseased ones. Wliilo the
affected leaves and twigs showed a diminished lime and potat^h, the
corresponding roots wore significantly rich in these constituents. There
appears to be a mobilization of nitrogen reserve from the roots to stems
and loaves which had a high nitrogen content. In any case, the ratio
Ca/N is the surest index of disease in sandal.

II. Carbohydrate metabolism of spiked sandal,—^The diseased tissues
are characterized by an accumulation of starch from incipient stages of
infection. This storage is traceable to a defective translocation of food
materials with the onset of spike. In the advanced stages, the leaves
are packed with starch and are also rich in soluble carbohydrates. The
mechanism of excess sugar formation is probably from the fats already
present in the leaves which, as a result of infection show a lower fat content.
This heavy starch deposition can be readily accounted for, if a deficiency
in calcium following infection is assumed.

III. Nitrogen content of heaUhy and spiked sandal tissues,

—

Although the nitrogen content of tissues changes considerably with the
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inception of disease, comparatively little is known of the distribution of
nitrogen in the various plant parts. In the leaves, however, water soluble

nitrogen was higher as a result of infection while protein nitrogen was
relatively small. Further, the increase in ammoniacal nitrogen in the
diseased condition is due to the presence of deaminase functioning therein.

IV. Tannins and organic acids in heaUh and dtseatfc.— It is known
that organic acids and tamiins contribute towards the resistance of plants
to disease and to insect attack. In the case of spike, all that is known
relates to the preponderance of hydroxy acids such as malic and citric,

in the early stages of disease, which are also distinguished by a high
moisture content of spiked leaves. With the advance of disease or in

virulent stages of infection, the presence of succinic acid exclusively in

the affected tissues has been recorded. A process of desiccation also

takes place with the progress of disease. This increase in organic acids

combined with a high ammonia content is correlated with the occurrence
of a highly active deaminase. The presence of an oxidative deaminase
system would easily account for the formation of succinic acid. The
possibility of this acid arising through dehydrogenase action on acetic

acid has been tested with negative results. In healthy plants, malic
acid is the chief component. The buffering action of diseased loaf juice

18 strong towards alkalies while it is weak towards dilute acids. This
seems possible only when the respu-atory activity is unusually high as in

the present instance.

There is a distinct change in the naturt^ of tannins with the onset of
disease. While both pyrogallol and pyrocatechol groups of tannms
have been found in sandal loaves the former type predominates in the
diseased condition. In healthy ones, on the other hand, the catechol
group is the chief component. These two ty^ios are found to affect the
metabolic processes in different ways. The total tannin content however
of spiked leaf tissues is twice that found for healthy ones. How' this

transformation takes place from one type to the other has not been
examined.

V. Metabolic disturbances in sandal leaves consequent on spike

Diseased loaves aie characterized by a high diastatic activity.

A greater deposition of starch than the normal is generally correlated by
the physiologist with a low amylase co tent or a feeble diasta' ic action.

In the present case, however, the incioic ed 'mzymic power wa.^’ traced to

the presence of an activator in the lonri o pyrogallol group »..f tannins
rather than to a higher enzyme imit. Cor4 espondingly, catecliol typo is

very poor in action.

The respiratory activity of spiked leaves alone was high while the
cormsponding twigs showed a less activity. Tender leaves however
respire more carbon dioxide than mature ones. I'lie presence of a powerful
deaminase in spiked leaves was also established. Further work on this

is in progress.

Photosynthetic activity of diseased leaves is comparatively less

tlian that of healthy ones. The translocation of food material in sandal
appears to bo inhibited with the onset of infection.

32. Some observations on the structure of adhesive discs in

climbing plants.

T. S. Mahabale, Ahmedabad.

Adhesive discs were noted in Vitis latifolia Koxh., F. irifolia L.,

F. camosa Wall, F. repanda Wight, Luffa aegyptiaca Mill, L, aculangula
Hoxb., L, aoutangula Roxb. var, amara Roxb., Trichosanthes cucu/merina

Linn., T. paJmata Roxb,, Melothria maderaspatana Cogiaiaux., B, venusta

Ker-Gawl., and their anatomy was studied with a view to follow the
mechanism of adhesion. It was found that the main structural elements
of a disc are constant in the various species examined.
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In a transverse section of a disc the outermost layer is made up of
sensory epithelium and hairs. Below this layer lies thin walled parenchyma
with turgid cells ; sometimes these are associated with cells having
transverse pits on their walls. In a longitudinal section cells below the
subjacent parenchyma, which are outside the stele, have starch granules

lying on the physically lower side of the cells, strongly recalling statoliths.

Protoplasts in the sensory hairs imdergo physical distortion when
they come in contact with a hard and rough surface and thus seem to

perceive the stimulus. Cells below the sensory layer are thin walled turgid,

and somewhat elongated. Presumably they conduct the stimulus to the
statocysts, create a disturbance in the statoliths, resulting in an appro-
priate curvature of the tendril. This, we may reasonably suppose, allows

the sensory hairs to grasp the support and cement it. Mechanical elements
are laid down next and adhesion becomes permanent after about twenty-
four to forty-eight hours. It is suggested, therefore, that the structural

peculiarities of the discs and the statoliths noted for the first timejn them,
are largely responsible for the mecheuiism of adhesion. Experimental
work is in progress.

33. The effect of light on lipase activity.

N. L. Pal, Allahabad.

Effect of artificial light on the activity of lipase, a fat splitting enzyme,
was studied. It was found that light had very little action on the hydro-
lysing capacity of lipase : but there was considerably greater condensation
by lipase in light specially in the earlier periods, though light is not at
all essential for this action. Thus there was greater sjmthesis of fat from
fatty acids and glycerine by lipase in light than in dark.

34. The effect of light on respiration and conversion of fat to

sugar in germinating Helianthus seeds.

N. L. Pal, Allahabad.

The rate of CO2 output and oxygen intake goes on increasing with
time in germinating Helianthus seeds and the respiration generally corres-

ponds with the grand period of growth.
In the stages examined the K.Q. shows a fall from about 0*75 to 0*54

as the plants grow in length.

On exposure to light the CO2 output and the O2 intake show a fall

thereby showing that some amount of photosynthesis is possible even in

such yoxing plants as these.

On the assumption that the R.Q. due to respiration is unity, the
amount of oxygen taken in for fat to sugar conversion can be oalcxilated.

It is shown that this value rises progressively in dark and the rate of rise

increases with time. However, on exposure to light there is not only a
retardation in the rate of increase, there is an actual fall in later periods
in light.

It has therefore been aigued that the rate of fat to sugar conversion
falls on exposure to light in these seeds.

35. The effect of violet and ultra-violet radiations on plant
respiration.

S. Banjan, Allahabad.

(1) The effect of light from an atmospheric murcury vapour lamp
on plant respiration was studied. It was found that owing to a great
reduction in the ultra-violet part of rcbdiation, due to glass surfaces
through which the light passed, and owing to the presence of other rays
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in the light the effect was more or less similar to the effect of ordinary
light on respiration.

(2) When exposed to rays pcissing through methyl violet solution so
as to give monochromatic violet light, the respiration rate does not show
any appreciable change.

(3) However, on exposure (8 minutes and 10 minutes at an interval
of 2 hours) to direct light from this apparatus at a distance of 1 ft. con*
taining a much greater proportion of ultra-violet radiation, the respiration
of leaves shows a fall which slightly rises on switching off the light.

Shorter exposures (3 minutes from a distance of one ft. at an interveS of
one hour) clearly proves the inhibitory effect of ultra-violet radiation on
respiration. Weaker doses (3 minutes at a distance of 6 ft.) also have
harmful effects though the inhibition is less marked.

(4) Sugar estimations show that there is no change in the reducing
sugar content exposivre to ultra-violet light.

Palseobotany

(Chairman: Pbof. B. Sahni.)

36. An analysis of the artificial genus Palmoxylon into natural
genera.

K. N. Kaul, Lucknow.

In 1888 F. H. Knowlton (Proc, U.S, Natwnal Mus, : 89-91) wrote,
‘ So little is at present known regarding the internal structure of the
living species that it is only possible in the present state of our knowledge
to mass together all the fossil species under the comprehensive generic
name ofPcdmoxylon, or simply “ Palm-wood It is true that the described
species of Palmoxylon differ considerably among themselves and it is

more than probable that characters will ultimately be obtained that will

allow of a separation into several generic types.’ Stenzel (1904 FossUe
PaJmenhotzer, Beitrdge zur Palceontologie und Qeologio : 123) had already
noticed that the structure of the ground-tissue was distinctive of the
different species of fossil palms.

In 1934-35 on the suggestion of Professor B. Sahni I investigated
the stem anatomy of 63 species (belonging to 33 genera) of modem palms
in the hope of finding vegetative characters which should enable one
to make a natural classification of the Palmas. As I then stated (Kaul,
1936, ind. Sci. Gongr., Bot. Sec,, Calcutta : 286-6) the characters of the
ground-tissue, which takes its definitive form after the growth in thickness
of the stem (see Schoute, 1912, ‘ Ueber das Dickenwachstum der Palmen *,

Ann, Jard. Bot, Buit,, xi ; 1-209) are of great value for distinguishing
natural genera of palms. 1 then suggested that it is possible to classify

the different genera on the basis of the ground tissue characters alone

;

also that if this claim was justified, the highly artificial form genus
Palmoxylon could be split up into a number of natural genera of which
the affinities or even identity with modern genera could be ascertained
with some confidence.

By a detailed comparison of the living species with the extensive
fossil material, which Professor Sahni has been describing in an unpublished
monograph, it has been found that Palmoxylon coronatiim Sahni so closely

resembles the modem palmyra palm, Borctssus flabeUifer, in all its ana-
tomical characters, including the ground-tissue, as to raise the suspicion

that the fossil species may actually be a petrified palmyra. Between
the fossil species P. malhuri Sahni and P. mndaram Sabni on the one
hand and the modem palms Badris paUidispina and Cocos micifera respec-

tively on the other, there are also such close anatomical resemblances that
I believe the fossil forms belong to these living genera.
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Hole extensive comparisons now in hand will, it is hoped, make it

possible to split up the artihcial genus PalmoTylon into its component
natural genera.

37. A Lower Gondwana flora from the Salt Range, Punjab.

(Miss) Chinna-Viekki, Lucknow.

These fossils, presented to Prof. B. Sahni by Mr. E, R. Gee, who
collected them from two diiferent horizons (a lower horizon A and a higher

B)e were kindly entrusted to the authoress for further investigation.

The collection from A is important, as it belongs to the lowest plant*

bearing horizon so far discovered in the Indian Gondwanas. It comes
from the carbonaceous shales of the basal portion of the Speckled
Sandstone series, from a horizon only about 20-26 ft. above the Talchir

Boulder bed (Upper Carboniferous). Horizon B is formed *by the
carbonaceous shales just below the massive Middle Productus Limestones
(Middle Permian). The material consists of incrustations and impressions.

Outicular preparations were made from the specimens marked *. Macera-
tion of some of the shales yielded spores, which are recorded for the first

time from the Palaeozoic rocks of India. The identifications given below
are provisional :

—

Horizon A. Horizon B.

EQUTSETALES. ? Schizoneura sp.

CYCADOFILICALES. Frond (fertile).

Sphenopteris sp.

? Pecopteris sp, ? Pecopterw sp.

Olossopf-eria Com-
munist Fstm.

Q. communis var.

sf-enoneurat Fstm.
O, strictat Bunb. Qlossopteris strictn

Bimb,
Olossopteris spp. * Glossopteris spp.

(two). (three).

* Qanqamopteris i^pp. Vertebrarm sp.

(three).

GYMNOSPERM HEEDS Cardiocarpus sp.

Samaropsis spp.
(two).

INCERT.^® SEDTS. * Piece of cuticle with * Narrow leaves with
irregularly ar- parallel veins,
ranged cells. Cuticjlo ' n^semblcs

Ottokari that of Benn£tt%-

fi*ond, stalk long, tales : transverse

-

margin round, ly placed stomata
base cordate, arranged in rows,
apex notched. eeU walls smuous.

SPORES (mostly from B) of varied shape and form and ranging from
25/i X 1 1ft to 1 50/x X 1 lOu, can bo classified as

—

(i) Unwinged—(twelve different kinds) smooth walled, tiiberculate
or spinous ; shape triangular, elliptic or oval.

(ii) Winged

—

{a) one wing all round,
{b) two wings (cf. Pityosporiles antarcticus Seward).
(c) Three wings.

Since the above was written I have visited the locality
(Kathwai) where the lower horizon (A) mentioned above is exposed. In
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the same geological section two new plant-bearing horizons, only IJ ft.

and 4} ft. above the Talchir Boulder Bed, were discovered, and from
these horizons spores identical with some of those above described were
obtained. These two horizons are now therefore the lowest plant-bearing
Gondwana horizons yet recorded from India.

38. Jurassic plants from Afghan-Turkistan.

R. V. SiTHOLBY, Lucknow.

This collection by Dr. C. S. Fox of the Geological Survey of India,
lent to the author by Prof. Sahni, is interesting because it comes from
definite horizons in isolated and remote localities.

The following is a provisional list :

—

EQUISETALES . . Equisetiies sp.

FILICALES . . Cladophlebis denticxduta Brongn.
Maton.ia~\iVie fronds (fragments including

only bases of radiating pinnae).

? Laccopteris sp. (pinnate fragments with a
possibly reticulate venation).

Coniopleris hyMemphylloides Brongn.
Sphenopteris sp.

? Haydenm thyraopteroides Seward, (sterile).

Dxcfyophyllum sp.

CYOADOPHYTA . . Nilaaoniu aaighanensis Seward.
CteMia sp.

CONIFERALES . . PagiophyUum sp.

Cones probably of Pagwphylhim sp.

Meaenibnoxylon sp.

INCERT^E SEDIS . . Axis bearing ? fructifications (cf. Diacoa-

trohua argunenais Krasser).

Podozamitea lancaolatua L. & H.
„ „ L. & H. var. Iati~

foHua Heer.

„ „ L. & H. angvsti-

foliua Seward.

„ sp.

Fronds of Matonia -like habit are rare for this area, though
DictyophyUum has been reported from Afghanistan. In India, the first

Matoniaceous fern (Matonidium indicum) has been described only recently
by Prof. Sahni from the Lower Cretaceous (Wealden) of Himmatnagar
(W. India). A fuller identification of the Matonia-liko fronds from
Afghan-Turkistan may throw more light on the geological distribution of
the Matonia-Dipterus alliance.

As most of the specimens are either identical or closely allied to species

described by Seward {Palceont. Ind. New Series, Vol. IV, No. 4, 1912)
from Afghanistan, which ho considers Jurassic, it appears reasonable to
assign the same age to the Afghan-Turki.stan beds.

39. Two petrified strobili from the Rajmahal Hills, Bihar.

A. R. Rao, Lucknow.

The description of the following t3rpe8 is based upon the study of
some silicified blocks from Nipania (Jurassic) a preliminary account of
which has already appeared {Rao, Proc, Ind>. Set. Congress 1934 and Sahni,
Proc. Zeade Internat. Bot, Congress, Amsterdam, II, p. 248, 1935).

Nipaniostrohus Sahnii gen. et sp. nov.

MegastrobUus (possibly coniferous) with spirally arranged sporophylls

each bearing adaxially a single ovule (1*6 X *5 mm.) partly buried in the
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scale ; mioropyle strongly curved, slit-like, facing the cone axis. Integu-

ment two layered, not fleshy ; outer (prismatic) layer thicker at the chalazal

end of the ovule, NuceUus shrunken, with a black tip. The cone differs

from all Imown fossil forms. The single ovule on each scale suggests the

Podocarpineae but further details are lacking. The real a^Bnities are

therefore quite obscure.

Masculoatrobus rajmahahnais sp. nov.

Fragment of a longitudinally cut microstrobilus with sporophylls

placed in a close spiral ; distal sterile lobes upturned and overlapping

.

Sporangia full oftwo-winged pollen grains (cf. Abietineee and Podocarpineae)

measiuing 54-60/i X 30-34/* including wings, spore diameter about 30/*.

The material was lent by the Geological Survey of India to Professor

Sahni at whose suggestion this work was undertaken.

40. Jurassic plants from Tabbowa, N.-W. Ceylon.
*

K. Jacob, Lucknow.

The fossils here dealt with were collected last June by the author
in the company of Mr. T. S. Sadasivan from certain plant-bearing beds at

Tabbowa in the North-West Province of Ceylon. The beds consist of
non-marine deposits composed of sandstones, pipe-clay and ironstones.

A few fragmentary plant fossils collected by !E. J. Wayland were first

described from this locality by Seward and Holttum (Quart. Joum. Oeol.

Soc.t Vol. Ixxviii, pt. 3, 1922). The specimens in our collection are

better preserved ;
Insides, several species not recorded from this locality

(marked *) are also represented. The following is a provisional list :

—

* Sphenopteria sp.

* Coniopteria hymenophylhidea Brongn.
* Cladophlebia cf. C. whUbyenaia (Gopp.).
* CktdophUbia sp.

Taeniopteria apatukUa. McCl.
* Anomozamitea sp.

Brachyphyllum mamiUare Brongn.
Elatocladua plana (Fst.).

? Deamiophyllum sp.

The flora, as already concluded by Seward and Holttum (loc. cit.)y

is undoubtedly of Jurassic age, and the locality represents one of the
outliers of the Upper Gondwanas of the Coromandel Coast.

41, Fossil plants from Sakrigalighat in the Rajmahal Hills,

with remarks on the age of the beds.

K, Jacob, Lucknow.
The plant-bearing beds consist of two main zones-—a lower brittle

zone (A) and an upper hard zone (B) (Jacob, Proc. Ind. Acad. Sci., B,
Vol. VI, 1937). From the latter only impressions were obtained, while the
former yielded besides impressions, a number of non-carbonized incrusta-
tions as well. ‘ Film-transfers * and microtome sections of the chemically
treated incrustations gave satisfactory results. The following is a pro-
visional list of species collected from the two zones ;

—

Equisetales . . . . Equiaetitea sp, (A).
Filicales . . . , Sphenopteria (? Coniopteria) sp. (A).

Coniopteria hymenophylloidea Brongn.
(A).

? TMnnfeldia sp. (A).

CladophUhia indica 0. & M. (A).
Certain anatomical features of the
midrib are seen.
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Cycadophyta

Coniferales

Oaytoniales

IncertsB

Protocyathea rajmahalenae Jacob (Lc.

1937). (B).
'

Ptilophyllum (icutiJoUum (Morr.). (A)

and (B). Certain anatomical fea-

tures of the midrib are seen.

P. tenerrimum Fst. (B).
* Dictyozamites sp, (A).

Taeniopteria apatulata McCl. (A).

Taeniopteria sp. (A). The structure

of stomata is described.

Nilaaonia Morriaiana Old. (A) and
(B).

conferta (O. & M.).

cf. JE. jahalpurenaia

expanaum (Stemb.).

? * EkUocladua
(A) .

? * Elatocladiia

(Fst.). (B).

Brachyphyllum
(B) .

Pagiophyllum peregrinum (L. & H.),

(A) and (B).
* Dadoxylon sp. A rolled pebble,

possibly from a different horizon.

? Frenelopaia sp. (A).

Sagenopteria Bhambhanii sp. nov.

(A). The genus is for the first time
described from the Indian rocks.

Occasional anastomoses between the
bifurcating arched secondary veins.

Sakriatrobua Sahnii gen. et sp. nov. (A).

Strobili ofslender habit with delicate

sporophylls arranged on an axis.

Each sporophyll consists of a * stalk
’

and a peltate lamina with reproduc-

tive bodies (? sporangia) arranged
probably all round the ‘ stalk

The occurrence of the Cretaceous genus Protocyathea in the upper
zone (B) either indicates that the beds in questioii are younger than
the Jurassic, or it extends the range of this genus back into that period.

If the beds are younger, the Jurassic facies of the vegetation had evidently
persisted into the Cretaceous, because several typically Jurassic species of
plants are associated with the Protocyathea.

The species marked * are the only ones previously recorded from this

locality.

42. Cuticular studies of Magnoliales.

H. S. Rao, Lucknow.
In the present work the question of the position of the Magnoliales

from the point of view of their epidermal features has been taken up.
This is rather a new line ofinquiry. Morin’s criteria viz., the ‘ Haplocheile ’

and ‘ Syndetocheile ’ types of stomatal development have been made
use of. According to this test the Magnoliales are seen to comprise a
few synthetic forms, some possessing some Cycadean features, the great
majority the Bennettitalean, and a few the haplocheile gymnosperm
features.

The aberrant epidermal features of Euptelea and Cercidiphyllum seem
to be correlated with other primitive features of Trochodendraoese already
known.

The view has again been expressed that the progenitors of the angio-
sperms have to be sought for in that plexus of Gymnosperms which gave
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rise to the Beimettitales, the syndetocheile Gnetales, the haplocheile

Magnolialee and the majority of the Magnolialee (i.e., syndetocheile) along
different lines of descent, the last being probably nearest related to the

Bennettitales.

From the point of view of epidermal studies, the Magnoliales do not
represent a co-sanguinary group, but indicate a convergence.
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1. Evolution of the neuromotor apparatus and the skeletal

structures of Trichomonads.

G. C. Chatterjee and A. N. Mitba, Calcutta.

Neuromotor organelles of Trichomonads originate from already

existing ones. This is the usual method already known. Their origin

and subsequent development from a cell containing only cytoplasm and
nucleus and no other organelles have already been described by the

authors in previous papers. In this paper they discuss how this com-
plicated apparatus originates and becomes differentiated into flagella,

undulating membrane, axostyle and parabasal, in the light of various

views on the subject, specially the binucleate theory of Hartmarm, the

authors finding support of this binucleate theory in their study of develop-

ment of the organelles of Trichomonads.

2. On a new coccidium Eimeria koormce n. sp. from an Indian

tortoise Lissemys punctata Smith.

M. Das-Gopta, Calcutta.

Thick-walled, unsogmented, fully spherical oocysts were directly

recovered from vciided fwces aiul rectal contents of an Indian tortoise

Lisaemys punctata. All the endogenous stages were studied in detail

from sections of the intestine stained in iron hsematoxylin. The mature
oocyst marked by a psoudomicropyle measures 14xl4/x, and oocystic

residiuum is absent. The spindle-shaped sporoblast measuies 10 X 4-5/i,

and contains sporocystic residiuum. A differential diagnosis of the known
species of Eimeria recorded from Chelonia has been shown in tabular form.

The name Enieria koormce n.sp, is proposed for the new coccidium.

3. On a new myxosporidiati, Henneguya otolithus n. sp., a
tissue parasite from the bulhus arteriosus of a marine
fish, OtoUthus.

P. N. Ganapati, Madras.

Two species of a common edible sciaenid fish Otolithus ruher and
O. mo/culatus are found infected by a species of a myxosporidian Henneffuya
otolithus n. sp. The primary site of infection is the muscle and connective

tissue of the wall of the bulbus arteriosus where the parasite forms whitish
opaque cysts. The vegetative forms or trophozoites show a clear dif-

ferentiation into an ectoplasm and endoplasm. Two kinds of nuclei,

the vegetative and the generative, are present in the earlier stages of the

parasite. The propagative stage, or pansporoblasts, originate by divisions

of single generative cells. Each pansporoblast gives rise to two spores.

Autogamy is present, and evidence of auto-infection has been seen.

The histo-pathological processes are characterized by an increase of
blood supply to the infected area which often leads to inffammation.

( iss )
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Fibrosis takes place in the organ, when the fish recovers and degeneration

products in the nature of yellow concretions are observed. Infiltration

of spores have been noted in inefcted tissues. Isolated spores or groups

of them have been located in the kidneys. A periodic variation in the

occurrence of infection and the stages of the parasite has been observed.

A higher temperature seems to accelerate spore formation.

4.

Studies on Myxosporidia from fresh-water fishes of Bengal.

M. Chakravarty, Calcutta.

The author has given a detailed description of six new species of
Myxosporidia belonging to the genera Myxoholua^ Oiraiomyxa, Henneguya
and Myxidium, infecting different tissues and organs of fresh-water fishes.

5.

Phylogeny and classification of the Sporozoa.

B. L. Bhatia, Punjab.

Sporozoa (sensu stricto) comprising Gregcuinida, Coooidia and
Hsemosporidia, phylogenetically distinct from Amoebosporidia, comprising
Cnidosporidia, Sarcosporidia, and Haplosporidia. Chief trends of evolu-

tion within both groups. Gametocytes widely separated and produce
gametes separately, which would become differentiated; zygote producing
a number of sporoblasts, spores and sporozoites (Coocidia) ; or gametocytes
associated and encysted together, producing gametes in close proximity
which are consequently not differentiated (Gregarinida). Hcemosporidia
closely related to Coccidia, but schizogony restrictod to one host and
sporogony to another. Zygote a motile vermicule which forms an oocyst
which persists only while sporozoites are being produced. Absence of

spores with resistant cysts due to the parasite being always sheltered

within body of the one or the other host.

Cnidosporidia, Sarcosporidia, and Haplosporidia are best regarded
as independent sub-classes, having no affinities with one another or with
the Sporozoa {eensu stricto),

Minchin regarded the union of the Telosporidia and Neosporidia in

one class—the Sporozoa—as a quite artificial arrangement. Logically
speaking they should bo placed in two distinct classes and named as
Sporozoa and Amcebosporidia, but the two classes cannot be regarded as
constituting a subphylum, as the first are clearly derived from the Flagellata
and the second from the Rhizopoda.

6.

Indian Sporozoa.

B. L. Bhatia, Punjab.

Brief review of the study of Sporozoa in India. Certain gaps in our
knowledge of the group. Some problems for future investigators.

7.

Some fresh-water sponges from the Dal Lake, Kashmir.

Diwan Anahd Kumar, Lahore.

The paper gives an account of a collection of fresh-water sponges
made by Dr. Matthai from the Dal Lake. The examination of material
has revealed the presence of two genera, viz., SpongiUa and EphydaSia,
E^h genus is represented by at least one species. A comparison is made
with allied species from other localities. These genera have been recorded
for the first time from the Dal Lake.
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8. Studies on the brackish-water anemone Pelocoetes exul

Annandale, and on Pelocoetes minima^ a new marine
species from Madras.

N. Kesava Panikkar, Madras.

The Btruotuie and bionomics of Pelocoetes eoeul and ofPelocoetes minima
sp. nov. dredged offthe Madras coast, have been studied. The differentia-

tion of the column apparent in P. extd is absent in P. minima ; and the
charaoteristio stinging warts of the former species are unrepresented in

P. minima. The structure of the stinging warts and groups of nemato-
cysts is described in detail. The cinclides ofP. exul originate as ectodermal
invaginations. The tentacular arrangement is on the same fundamental
plan in both the species ; in P. minima^ however, only four cycles (total 48)
of tentacles are observed, while there are normally five cycles (total 96)
in P. exul. Remnants of an additional cycle are also occasionally present
in the latter species. The fourth cycle of microcnemes noticed in P. exvl

is absent in P. minima. Sharp differentiation of the mesenteries into

microcnemes and macroonemes exists in both the species. Contrary to

the opinion of Annandale and others, the oral disc of P. exul fas also that
of P. minima) has been found to he retractile. Similarly, there is no
evidence of hermaphroditism in P. exul. It has been found that the
sexes are normally separate in this species as in all other species of the
Haloampactiidse. The distribution of cnidse in the two species has been
carefully followed. The acontial nematocysts include both penicilli

and spirulsB. The intormediate tracts of the filaments of P. exul aro
peculiar in the possession of spirocysts. The habits and habitats of the
two species are described, and the available information on the distribution

ofIndian Halcampactiidas is summarized. The morphological peculiarities

of the genus Pelocoetes and the systematica of the two species are discussed.

9. Two new species of blood-flukes belonging to the family

Spirorchidao Stunkard (Trematoda) with comments on
the identity of the genera Phsmiorchia Mehra, 1934, and
Oomtiotrema Sinha, 1934, and classification of the family.

H. R. Mehra, Allahabad.

Two new species of the genus Learedius Price, 1934, are described
and their relationships with the known species discussed.

The genus Plasmiorchis Mehra is identical to the genus Oomtiotrema
Sinha ; the former name is accepted on the basis of priority.

The genus Coeuritrema Mehra syn. Tremarhynchvs Thapar is not
identical to Hapalorhynchus Stunkard as held by Price.

The classification of the Spirorchidss is discussed in the light of several

new genera created by Price.

10.

On a new trematode, Neoganada hara bankiae, nov. gen.,

nor. sp., of the family PlagiorchidsB from the intestine

of a fish (Glarias hatrachm).

J. DayaJj, Lucknow.

A large number of trematodes were coUectod from the intestine of
Clarias hatrachus.

The new form described in the present communication is related to

LeptophaUus and Oanada, but differs from both these in the following

oharaoters: the relative size of the two suckers, lobed testes, relative

size and position of the cirrus sac and the vesioula seminalis, presence of
a receptaoulum seminis and yolk sac, distribution of vitelline glands,

oharacters of the uterine coils, and the size of the eggs.
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The paper concludes with a short discussion on the relationship of

the new form.

11. On a new trematode, Travassosstomum natritis n.g., n.sp.,

from the intestine of the Indian river-snake, Natrix

piscator.

G. D. Bhalerao, Muktesar.

Travassosstomum natritis n.g., n.sp., has been described iu detail and
its affinities discussed. The new genus has been defined and assigned to

the new sub-family Traveissosstominse.

Specific diagnosis—Travassosstomum : Hind-body four times longer

than fore-body. Intestinal cflc*ca extend to one-half to three-fourth of

hind-body. Holdfast organ circular. Testes transversely oval. Uterine

coils extend from muscular bulb to anterior end of hind-body. Vitelline

follicles thick along postero-lateral border of fore-body and over holdfast

organ, sparse elsewhere. Eggs measure 0*097 to 0*11 X 0*05 to 0*072 mm.
Diagnosis of Travassosstomum n.g.—Travassosstomina^ : Body divided

into two portions. Holdfast organ almost round, extending posteriorly

from Pharynx. Adhesive gland compact, at posterior border of hold-

fast organ. Testes in anterior half of hind-body, one behind the

other. Pars prostatica absent. Ductus ojaculatorius very long. Ovary
round, anterior to testes. Receptaculum sominis absent. Laurer’s

canal present. Vitellaria mainly in anterior part of body. Ductus herma-
phroditicuB present. Genital aperture ventral subtenninal.

Type-species

—

T, natritis.

Diagnosis of Travassosstominm n.si).—Proterodiplostomida^ ; Parasites

of snakes. Pseudosuckei's and ductus hermaphroditicus present. Ductus
hermaphrodicus and the terminal portions of the genital ducts enclosed

by a muscular bulb. Pars prostatica absent or rudimentary.
Type ^emi^ -Travassosstomumy other genus Proalarioides.

12. The incidence of cestode parawiteH among ovine hosts in

the Punjab.

Mohammad Amin, Lahore.

Out of a total number of 335 ovines examined for cestodes, 184
were found to harbour the cestode parasites. These parasites occur more
abundantly in some localities than in others, the infestation being greater
in northern and central districts of the province than in the southern ones.
There is, however, a periodicity in the sppearanco of these worms, the
percentage ofinfection-incidence being highest in July, August and Septem-
ber with a gradual decrease towards January and December. A table,
showing the localities of origin and percentages of those infected animals,
has been appended.

A certain amount of variation in the occurrence of various genera in
different parts of the year, and in animals from different localities, hfiis

also been noticed. Tabulated statements showing relative frequency,
seasonal variation and geographical distribution (os far as could be ascer-
tained from the locality of the origin of host animals) of various genera
met with have been pi*epared.

13. Two new species of Avitellina (Cestoda) from ovines in the
Punjab.

Mohammad Amin, Lahore.

In this paper are described two new species of Avitellina : A, epiriUo-
metra n.sp. and A. bigemina n.sp., parasitic in the small intestine of ovines
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from the Punjab. The former species differs chiefly from the hitherto
known members of the genus Avitetlina in the convoluted form of the
uterus, presence of anteuteriue pouch—a structure described for the
first time—and in the exceedingly small size of the paruterine organ. A,
bigemina is distinct from the other species of the same genus in its peculiar
bipartite form of the paruteiine organ, the complete absence of the inter-
segmental fibrous pad, and in the size of various structures.

14.

The occurrence of the cestode, Helictometra giardi (Moniez,

1879), in Indian sheep.

Mohammad Amin, Lahore.

In this paper the author reports the occurrence of Helictormtra giardi
(Moniez, 1879) Baer, 1927, hitherto imknown m Asia, from the intestine
of sheep

—

Ov%8 aries—fron^ the Punjab. The specimens of this species are
identical, in general, with those described by previous workers. Certain
discrepancies regarding the descriptions of the testes (Stiles and Hassal,
1893), uterus (Baer, 1927) and the genital pore (Moniez, 1871, Blanchard,
1891) are, however, noticeable ; these structures have, therefore, been
redescribod in the light of observations made by the author.

15.

On a new nematode Pseudaspidodera jnanendrce n.sp. from
peafowl Pavo criatatus,

G. K. Chakkavakty, Calcutta.

The author examined a collection of worms of the nematode genus
Feeudaspidodera. Notwithstanduig the resemblances his specimens
differ from the genotj^ in many respects, and he has erected a new species

to accommodate these worms. In this paper ho has dealt with the struc-

tural differences and discussed the affinity.

16. On the anatomy of Lingula sp.

P. R. Awati and G. R. Kshirsagar, Bombay.

The alimentary canal is straight in the anterior portion while it is

looped posteriorly. The digestive glands—greenish in colour—are found
to open into the stomach by their wide ducts. The circulatory system is

very poorly developed, as there is no need for it. Food and oxygen
are supplied by the cofjlomic fluid. Nephridia are flat tubular structures,

each with a nephrostorae and a nephridiopore. They act as ducts of the
reproductive organs which are lobulated masses. The sexes are distinct.

The nervous system is also poorly developed. There are two ganglie^

—

supra-, and sub-oesophageal ; nerves to all parts of the body are supplied
by these ganglia.

17. On the nephridia of Prionoapio cirrifera Wiren.

R. Gopala Aiyar, Madras.

Prionospio cirrifera, a tiny polychsete, occurs in large numbers in

the brackish waters, Adyor. The worm measures 10-12 mm. and has
about 50 segments. In segments 5, 6 and 7 there are three pairs of neph-
ridia which are clearly visible through the body wall. All the nephridia

are of the drain -pipe type, the lumen being intracellular. There are no
nephridia in the middle and the posterior segments. Genital products
escape by rupture of the body wall.
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The nephridia of earthworms of the genus Tonoscolex.

K. N. Bahl, Lucknow.

In 1919 the author described a new type of excretory system in the

Indian earthworm Pheretima, the essential feature of which is that the

nephridia discharge their excretory fluid into the intestine all along its

length instead of on to the surface of the body as in Lumbricua* This
‘ entero-nephric * type of excretory system was discovered later to occur

also in earthworms of the genera Lampito {Megaacolex) and WoodtoardieUa.

As a result of these studies the author suggested a new classifloation of

nephridia wliich has been adopted by Stephenson (1930).

In this paper the nephridial system of the genus TonoaooUx has been
described, and assigned to its proper place in tho scheme of classification

of the oligochsete nephridia. An account of the blood>supply of the

nephritlia is also given and the question discussed as to how the classifica-

tion of nephridia can be used as a basis for the revision of Stephhnson’s

polyphyletic genus Megaacolex.

19.

A ciliated apparatus in the larva of Echiurua.

P. R. Awati, Bombay.

This is a case of precocious development of a certain adult structure

in a larva. In the adult the middle portion of the intestine has its ventral

part modified into a separate tube through which fresh water is con-

tinually passing towards the posterior end of the animal. This water
appears to be useful in aerating the coelomic fiuid in which the alimentary
canal is suspended.

A tubular and ciliated structure, with possibly a similar function, is

found in the larva. It opens at both ends—anteriorly into the larval

stomach and posteriorly into the rectum—the middle portion being colled

and slung to the outside of the larval stomach. Tho tube is double,

with cilia in each lumen. There seem to be some valvular structures at
either end which allow water to flow in through the rectum into the stomach
and mce veraa.

20.

The circulatory system in Thalassema bombayenis and
Bonellia viridis,

P. R. Awati, Bombay.

Although the circulatory systems of Thalaaaema and BoneUiu are
similar to each other in general outline there are important differences

between them. The ventral vessel which opens at the extreme posterior

end into an intestinal sinus surroimding the intestine, is diffuse in
Thaktaaertva^ but distinct in BoneUia. At the anterior end, the ventral
vessel is continued into the proboscis in which it bifurcates into two
branches. In Thalaaaema this anterior part of the vessel is closely attached
to the ventral portion of the oesophagus, gizzard and the crop, and is

enclosed by two entire sheets of the ventral mesenteries, one on each side
of the vessel ; in BoneUia this portion is entirely free from the oesophagus,
etc., and passes between the two anterior set®. The ventral vessel in
BoneUia is connected with the intestinal sinus by a single transverse
vessel, whilst in Thalaaaema the same is bifurcated at the base, and these
two limbs pass, one on each side of the food canal, to the sinus which is

very poorly developed. The dorsal vessel seems to emerge from the
intestinal sinus at the anterior end ; the latter is well developed in BoneUia
while it is reduced in Thalaaaema,
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On the metamerism of the Indian leech, Hirvdinaria
granulosa.

M. L. Bhatia, Lucknow.

The Question of the limits of a somite of the leech has assumed groat
importance after the appearance of Castle and Moore’s view and has led
to a good deal of controversy.

According to Wliitman the annulus bearing the segmental receptor

-

organs is the first annulus of a somite ; while Castle and Moore regard the
same as the central annulus in a complete somite. An attempt is made
in this work to eluoidato and support Whitman’s limitation of a somite.

The evidence referred to in this paper is derived from the external
morphology, internal anatomy, and embryology of Hmidinaria granulosa.

22.

On the structure of the nephridia and ‘ funnels ’ of the

Indian leech Hirvdinaria, with remarks on these organs

in Hirudo.

M. L. Bhatia, Lucknow.

In previous years an account ofthe nophridial system of the two leeches
was given. In this communication the author discusses in greater detail

the results of further observation on the following points :

—

(a) Struct\ire of nephridia in the two leeches.

(b) A fully developed ‘ funnel ’ (ciliated organ).

(c) Connection of those ‘ funnels ’ with the nepliridia in the adult
leech.

(d) Embryonic condition of the ‘ funnel * and
(e) Function of the * funnel ’ (ciliated organ).

In the embryonic condition, the * funnel ’ (ciliated organ) is a solid

mass of cells which is distinctly continuous with the nephridiura by means
of a delicate strand of cells, the initial lobe. The funnel becomes enclosed,

at an early stage, in the perinephrostomial sinus, which is a part of the
reduced coelom ; this connection of the * funnel * with the nephridium snaps,

and the two become discontinuous and discrete structures.

The ‘ funnel ’ is not a degenerate structure ; it has become multiplied

into numerous small ciliated funnels which are very effective in their

ciliary action.

The central part of the ‘ funnel ’ (ciliated organ) is the seat of manufac-
ture of blood-corpuscles which are thrown out into the surrounding sinus

by the movements of cilia.

The ciliated organ, instead of serving a renal (excretory) function, has
here become subservient to the sinus-system.

23.

On some leeches from the Dal lake, Kashmir.

M. L. Bhatia, Lucknow.

In September, 1936, Dr. Matthoi made a collection of the fauna of

Dal lake, Kashmir. It included some leeches also which he very kindly

entrusted to me for systematic and morphological study.

They have been identified as follows :

—

Suborder—^Rhynchobdell®

;

Family—Glossiphonid® :

1. Glosaiphonia coinplanata,

2. Theromyzon (sp ?)

3. HemielepsM marginata asiatioa Subsp.
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Suborder—^Arhyiichobdella.

Family—Erpobdellidao :

4. Erpobdella octoculata.

Some interesting points with regard to the morphology and habits of
these leeclies are tlealt with in the paper.

24.

Entomostraca of the Dal lake, Kashmir.

G. L. Arora, Lahore.

The paper contains the results of a systematic and ecological study
of the Entomostraca collected from the Dal lake, in September, 1936.
Of the twelve species described, three appear to be now to science. The
Cladocera are represented by four genera viz. SimocephaluSf LatQnopaiSr
Ceriodaphnia and MacrothriXt the Ostracoda by four genera viz.,

StenocypriSf Pionocyprie^ Eurycypris and Cypria, and the Copepoda by
three genera viz., Diaptomm, Limnocalanus and Cyclops.

25.

Diseases transmitted by Indian species of ticks in India
and other countries and the possibility of their prevention
through biological control.

M. Sharif, Aligarh.

Compared to what is known in other countries about the tick-bonie
diseases, very little appears to be on record in India. A brief summary of
previous work done on this line is given. The writer has tried to show
that the tick problem in India is as serious as in the United States of
America, where enormous amount ofmoney is being spent upon the control
of ticks every year. To give an idea of the extent to which Indian ticks
are concerned in the transmission of diseases, the author has listed those
Indian species which have been incriminated either in India or in other
countries. In man tho ticks transmit the causative agents of the relapsing
fever almost all over the world, and of the tick typhus fever in India. In
domestic animals they transmit diseases caused by Babesia, Theileria,
Spirochceta, and Anaplasma and some of the virus diseases, A suggestion
as to the possibility of the control of ticks through the agency of parasitic
and predaceous enemies is made.

26.

Observations on the growth of the green mussel, Mytilua
viridis L., in the Madras harbour.

M. D. Paul, Madras.

Mytilua viridis L., the green mussel, living in the Madras harbour
grows at a very rapid rate and often reaches a size of nearly 100 mm., or
4 inches, in about 16 months. Growth has been found to be continuous
and amiual rings ’ or ‘ check marks which are a result of cessation or
reduction of growth during winter in the temperate seas, have not been
observod in this form. Methods of studying the rate of growth under
natural conditions are described.

This form attains sexual maturity in 48 days after attachment, a
fact which is very interesting when compared with Mytilua edulis L.,
which takes nearly a year to mature on the English coast. M, viridis
probably reaches its maximum size in 2 to 3 years. Intense breeding
occup from March or April to October, but ripe individuals of both sexes
can be obtauied throughout the year.
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.

Observations on the growth and habits of Pyraz'us pahiatria
(Linn.) in the Andamans.

H. Srinivas Rao, Calcutta.

The oocurrence of Pyrazus palnstris (Linn.), a gastropod belonging
to the family Cerithiidse, in very largo niirnbors in ro(!k-pools in the
neighbourhood of Port Blair gave the author the oppori-unity to study the
growth of this species by the majority-size method. All except the very
young individuals below 10 mm. in height which were found in tlio locality
were measuKKi in the course of five months commencing Docsember, 1934.
With the measurements of height obtained, a curve is plotted which shows
that there are three distinct age-groups represented in the population
namely, the 6 mm. group, the 20 mm. group, and the 40 mm. group.
These the author believes, represent the broods of three different years.
The absence ofyoimg individuals below 10 mm. in height during the months
December, 1934 to April, 1935, and their occurrence in large numbers
in May, 1935, despite the absence of mature females or their eggs in the
locality, has led the author to conclude that the area has been colonized
by a sudden incursion of veligers from the open soa carried by the tides.

A subsequent measurement of the entire shell population in the same
locality in February, 1936, 9 months after the place had been tleploted of
all the shells above 10 nun, in height, shows that the young shells of the
5 mm. age-group has, during this period reached a stage intermediate
between the 5 mm. and the 20 mm. age-groups.

The capacity of individuals of the species to survive adverse conditions
in regard to food is inferred from laboratory experiments which are detailed
in the present note.

28. A preliminary note on the stomach and the probable

function of the (ifiecum of Pila.

T. K. Gopalachari, Cooanada.

The present note records the ciliary ciurents in the stomach of Pila
not recorded so far, Jt also records two openings of the ducts of the
digestive gland in the semilunar pit of the stomach, not one as described
by Prashad. Ciliary currents over the ridges and grooves in the semilunar
pit carry from these openings fine matter, probably excrement from the
digestive glands, to the pyloric chamber along with a copious secretion

of mucus. A groove in the pyloric fjhambor leads through the ceecum
into the intestine. The crocum probably helps in the formation of fsscal

pellets.

29. A further study of the digestive gland of some Melaniid®.

R. V, 8ESHAIYA, Annamalainagar.

This paper discusses the changes noticed in the digestive gland of
some Melaniidso as a result of parasitism by larval trematodes, lestivation,

starvation, normal and experimental feeding with ditferent kinds of
material. The species employed for investigation are Melania (Radina)

crenulata (Desh .), Melanoide3tuberculatU8(Mi^VLer), Melanoidesacdbra (Miiller)

and Paludomua tanschaurica (Gmelin). By prolonged feeding with non-
digestible material, like finely ground Indian ink, it was possible to induce
increased elimination of the material from the digestive gland. This is

fkooompaiiied by histological changes, chiefly in a marked increase in the
number of the secreting cells. The function of the digestive gland is

briefly discussed.
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On a new ascidian from Bombay, Ecteinaacidia bombayenaia
n.sp.

S. M. Das, Lucknow.

Tlie author describes a new species of Ecteinascidia (E, hombayenms,
fam. Clavclinida?) collected from Bombay. This fonns a preliminary note
for a more extensive report on the ascidians of the Indian coasts. The
present species can be distinguished from other existing species by the
following characters : the siphonal apertures are 5-lobed ; the tentacles
are of three lengths and about 64 in number ; the posterior dorsal-languets
are long, conical and distinct ; the transverse muscles completely encircle
the pharynx ; the internal longitudinal bars bear projections comparable
to papilla' ; the stomach has folds in its walls. Ten to twelve individuals
form a colony, each individual being attached by a pedimole to a basal
stolon network. Development is internal, the pharynx acting as a*brood-
pouch ; and the young are dischai^ed into the sea as fully developed
tadpoles.

31.

A case of commensalism between a lamellibranch and a
monascidian.

S. M. Das, Lucknow.

The author describes a case of commensalism between the Indian
monascidian Herdmania pallida and a lamellibranch Muacvlua coenohita.

This association is quite common in the collection made around the South
Indian seas. Almost 80% of the monascidians collected by the author
had one or more larnellibranchs imbedded in their test. One specimen
of Herdmania had as many as 40 larnellibranchs of different sizes in its

test. They are found more often at the free, than at the hxed, end of
the ascidian, and in larger munbei's around the branchial, than around the
atrial, siphon. Except for a small siphonal cleft, each individual is almost
completely imbedded in the test-substance. The author gives a short
description of the shell, mantle, byssus, gills, and foot of this lamellibranch.

32. On some tunicates from Karachi.

Shadi Lall, Lahore.

The paper deals with the ecology of simple ascidians of the Manora
coast, Karachi, and gives am accoimt of two species of the genus Stylea

from the same locality. StyUa is characterized by the presence of simple
tentacles, eight folds in the pharynx and by the nanow loop ofthe intestine.

The genitalia consist of a pair of ovaries surrounded by a number of
Hpermaries, and are generally situated on the right. The two species

differ from each other in the number of longitudinal bars in each fold and
in the number of stigmata m each mesh.

33. Obyervations on the reproductive system, egg case and
embryos of Chiloacyllium griseum Mull, and Henle.

K. Gopala Ajyar and (Miss) K. P. Nalini, Madras,

A description of the reproductive system of ChUoacyllium griseum
and its egg case is given. Two embryos, one 30 days old and the
other 70 days old, are described. The period of reproduction is rather
restric'ted for tropical conditions and extends from December to April.
The time taken for development of the egg into a full-grown embiyo is

2i months. Egg liberation is probably in pairs in quick succession.
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34. Observations on the structure and function of the
nidamental glands of Chiloscyllium griseum MtllL and
Henle, with a note on the formation of the egg capsule.

(Miss) K. P. Nalini, Madras.

ChiloftcylUum griseum is a typically oviparous Iiulian Elasm<’branch.
The nidamental glands are very prominent and active, and secrete the
egg albumen and egg case. They are pear-shaped structures, divided
by an incomplete transverse band of parenchymatous vascular tissue,

into a cranial and a caudal portion. The cranial region is further differen*

tiated into throe parts, an albumen secreting zone, a narrow inter-

mediate mucus secreting portion, and lastly, a cranial shell secreting region.

The caudal portion comprises of densely packed shell secreting, as well as
mucus, tubules which are very narrow.

All the gland tubules are simple and almost similar in structure
consisting of gland cells and ciliated cells. The detailed structure of the
different parts of the gland is described. The method of secretion inside

the gland tubes and the laying down of the albumen and sheU layers are
dealt with in detail.

Comparison of the nidamental organs of Chiloscyllitmi griseum with
those of Scyllium canicula and a few viviparous Madras Elasmobranchs
is instituted.

Various views in legard to method of capsule formation are also

described.

35. Preliminary observations on the structure of the uterus

and the jilacenta in ScoUodon sorrakowah,

(Miss) G. Mahadbvan, Madras.

ScolMon sorrakowah is a common form found in the Madras Coast,

and is viviparous. The ovary, in all the specimens examined, consisted

of very small ova, even smaller than the ova of frog. Considerable
growth of tho embryos takes place in the uterus. The walls of the uteri

which are at first spongy and thick-walled, become very thin, and lose

their elasticity, due to their distension as the embryos grow. The lumen
of the uterus is divided into as many compartments as there are embryos,
and at the base of each compartment is a trophonomata, a prolongation
of tho uterine mucosa. This invaginates at its distal end in the form of a
cup, into wliich the yolk sac fits and is almost completely enveloped,
thereby forming a yolk sac placenta. As the embryo grows, tho yolk
sac becomes bigger, and the trophonematous cup less and less concave,
till a stage is reacdied when all connection is completely severed. Tho
yolk sac contains very little yolk and is a round spongy vascular structure.

Tho placental cord is closely beset with appendicula, and their structure

has been described. The function of the latter is to absorb nutritive

fluid secreted by the inner epithelium of the uterus.

36. Notes on the biology of a freshwater grey-mullet, Mvgil
corsula Hamilton, with observations on the probable

mode of origin of aerial vision in fishes.

S. L. Hoba, Calcutta.

Mugil corsula Hamilton mostly lives in freshwaters and has tho
remarkable habit of swimming near the surface with its eyes prominently
projecting out of the water. Observations are recorded on its locomotion,

aerial vision, respiration, feeding and bieeding. The habits of the species

indicate that the dsh probably acquired them in the estuaries during the
transition period from the marine to the freshwater life. The evolution

of the aerial vision in M, corsula is attributed to its habit of feeding at
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the surface on floating organisms. For this purpose an effort had to be
made to raise t>ie ventral mouth to the 8iu*face level, with the consequence
that a part of the head and the snout was being continually pushed out
of the water and thus an inducement was provided for the development
of the aerial vision. It is pointed out that terrestrial Gobies, like Peru
ophthalmus and Periophthalmodon, also acquired aerial vision in the same
way as M. cormla while still living in water and later took to life on the

land.

Beferenoe is made to the remarkable modifications of the eyes in

Anahleps, a cyprinodont of tropical America, and it is indicated that

such a structure could not be regarded as the first stage in the evolution

of vision in the air. The probable causes that may have influenced the
evolution of bifocal vision in Anahhpa are briefly indicated.

37. On the bionomics, structure and physiology of certain

air-breathing gobies, Periophthalmus koelreuteri (Pall.)

and Boleophthahnus boddaerti (Pall.).

B. K. Das, Hyderabad (Deccan).

Periophthalmua and BoUophihalmus have been studied in detail

during the months of March, May and Jime in the backwaters and mud
flats of the rivers Adyar and Cooum in Madras. They are to be found
in large numbers in the early morning, but after simrise as the water gets

heated the fishes gradually retreat and bury themselves in the cool liquid

mud, only occasionally coming to the surface for breathing atmospheric
air. PeriopJUhalmua is carnivorous, living on crustacearjs (Garamaridie)

and insects. Boleophthalmua is herbivorous, and lives chiefly on vegetable

matter (mostly diatoms) and debris, mixed with small quantity of mud.
Both genera carry on aerial respiration by taking gulps of air, with

widely open moTith and bulging their opercular cavities, the latter serving

as principal receptacles for air. They also use their gills for breathing,

by occasionally dipping their heads and thus moistening the respiratory

surfaces. The special character of the opercular chambers and their

modifications duo to air-breathing habit are discussed. The special type
of blood-supply to the organs of aerial respiration is described. The
structure and characteristic features of the gills and the secondary branchial
folds, as well as those of the mouth-cavity are noted. The \uew regarding
caudal respiration in Periophthalmua is rejected.

Behaviour of these fishes has been observed in dry atmosphere, wot
grass, mud, atmosphem of CO2 and Chloroform vapour. Effects of injury
to opercula and gills have been noted.

Experiments have been carried out with rogard to semi-asphyxia-
tion in sea-water and revival period, complete asphyxiation varied under
different conditions. Cardiac beats have been carefully noted in the
fishes asphyxiated in different media. Causes and nature of adaptations,
and the evolution of the air-breathing fishes are discussed.

38. On the structure and functions of the so-called Pyloric
caeca in two genera of fishes, Lactarius and Osphrommus.

M. Rahimullah, Hyderabad (Deccan).

In Lactarius delicatulua the intestine is simple and short, forming
two loops, as is usually the case with carnivorous fish. The stomach is

flask-shaped and of moderate size. Caeca are six in number, and are
arranged in two groups, four in the right group and two in the left. They
vajy in length, and when the fish is opened from the ventral side only
their distal portions are visible, the proximal ends being hidden by the
large liver.
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In Osphromenua gourami the stomach is of enormous size. The
intestine is of considerable length, evid<»ntly correlated with a purely
herbivorous habit. The casca are two in number, and are situated one on
•each side of the stomach. The right caecum is longer than the left, and
usually the proximal half of each is covered over by the liver.

The vascular, and nerve, supplies to the caeca in both L, delimtulua
and O. gourami are discuasod.

In O. gourami tlie longitudinal muscle layer is comparatively thin,

about j of the thickness of the circular muscle layer ; the latter is not
so thick as in most otVier fishes examined. Submucosa is also relatively

thin, and consists of a loose net-work of connective tissue fibres, including a
few blood capillaries arul cut ends of nerves. Caecal villi are fairly well
developed, and project inwards, about half way across the diameter of
the caecal lumen. There are no cilia on the epithelial cells, and amongst
the latter some ovoid mucous-secreting colls also occur. There is no
trace ofmuscularis mucosae and Brunner’s glands, the crypts of Lieborkiihn
are quite prominent.

In L. delicatulus the muscle layers are very thin, especially the longi-

tudinal, and the subroucosa is fairly loose. The mucosa is highly developed,
including prominent caecal villi and a large number of more or less

round mucous cells. The cr3q)ts of Lieberkuhn have much wider ducts
than in O. gourami. Towards the proximal part of the caecum two or
more villi may unite by their free ends, thus forming large inter-

communicating passages.

39. Sexual dimorphism in Tetrodon sp.

D. Waman Bal, Bombay.
There are no definite external characters by which the sexes of this

fish can be distinguished. An attempt has, therefore, been made in this

paper to establish certain correlations of structures between the two
sexes. They are carried out by measurements of the length of the whole
body and also of various other part«. It appears from these measure-
ments that the average length of the body and also of the different parts
of the fish seem to be greater in the female than in the male.

The material for the present paper was obtained from Bombay docks
and was examined in fresh condition,

40. On the fishes of the Dal Lake, Kashmir.

Nazir Ahmad, Lahore.

In this paper the author deals with the fishes collected from the Dal
Lake during September, 1936. Six species belonging to six genera
{Sehizothorax, Orcinua, Labeo. Nemachihis, Botia and Cirrhitw) of the
family Cypnnids? and one species of Exostoma of the family Siluridae a^e
represented in the collection. The latter was collected mainly from the
Tel Bal Nala which is connected with the lake, while Nemachiltis was
netted both from the Nala and the lake.

41. On the development of the vertebral column in Salamandra
aalamandra (Linn.).

H. K. Mookebjee, Calcutta.

PrevioTis workers have stated that the centrum is formed by the
bases of the basidorsals in addition to the skeletogenous layer, biit actually
only the skeletogenous layer aggregates round the notochordal sheaths
to form the hour glass shaped centrum on which the basidorsals stand.
In the intervertebral region there is only one centre of chondrification
instead of a pair of interventrals and interdorsals. This intervertebral

cartilaginous ring heus been cut by a strand of migratory connective
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tissue cells in a cranio caudal direction. A split is formed within the-

lino of migratory cells so as to form a condyle in front and a socket at

the back of each centrum, resulting in an opisthocoelous centrum.
Each neural arch in the trunk and tail, has not only a cartilaginous

arch in the middle region, os has been described by the previous authors,

but in addition, a connective tissue arch on either side of it, which without
passing through the stage of chondrification becomes a membrane bone.

Contrary to the previous workers’ views regarding the ossification

of the caitilaginous arch as such, the cartilaginous arch degenerates.

The degeneration of the cartilaginous cells and of inner periohondrial layer

of basidorsals take place. So that the adult neural arch of Salamandra
salamandra is made up of membrane bone the only exception being supra<

dorsal element which becomes a cartilaginous bone and becomes a massive
structure.

In the trunk vertebra the haemal arch as such is not present but there

are ha?mal arch elements on the two lateral sides of the centrhm. A
portion of this haemal arch element is present corresponding to the middle
region of the centnim which may be made up of cartilage but in most
cases this is also a membrane bone like the membrane bone element
of haemal arch at the anterior and posterior portions of the centrum.

In the vertebra just in front of the pelvic girdle there is a trace of
cartilaginous basiventral at the ventral aspect in a paired condition
which Goeppert, by mistake, has shown to be present throughout the
trunk vertf^brae.

In the tail vertebra the condition of the haemal arches is like that of

the neural arch, but the previous workers were of opinion that they
have only one cartilaginous arch at the middle of each centrum. The
degeneration and the oxisterjce of the third piece of cartilage as infraventral

are also like the neural arches which nobody has noted previously. The
haemal arch is also made up of membrane bone in the adult condition
except the infraventral cartilage.

Rib-bearing process is not formed from the basal stump as upwai’d
growth of the haemal arch os stated by Goette and Goopport but formed
independently and ultimately become joined after coming tlownwards,
with tht3 basal stump. The rib is not a part of the rib bearer but formed
in the horizontal septum and ultimately joins with the rib bearer at two
points.

42. Observation on the course of the facial vein and the forma-
tion of the external jugular vein in an American bullfrog

Rana cattaheiana.

J. L. Bhadurt, Calcutta.

In a previous paper the author established three types of arrangements
of the course of the facial vein from examinations of some Indian frogs
and toads Unlike the condition found in Bufo, Hyla and Uperodon
i^Cacopuft) on the one hand and the European frogs {Rana) on the other,
the facial vein takes a binary course in Rana cateaheiana, as is found in a
few Indian ranids, one continuing as the cutaneous vein and the other
turning back to open into the internal mandibular vein. The author
advocates the use of the name facio-mandibular vein for that part which
is formed by the union of the faeial and the internal mandibular veins.

43. Buccal participation in the respiratory mechanism of the
Chelonia.

G. P. Gnanamuthu, Madura.
The respiratory mechanism of the chelonia is complicated by the

development of the bony carapace and plastron. Several muscles found
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in the vicinity of the lungs have been considered to bo of respiratory signi-

ficance, but recently it has boc'ii hold that the rotation of girdles must
be solely responsible. The rdlo played by the buccal cavity has been
minimized, if not neglected. The author finds the buccal cavity, supported
by the hyobranchial skeleton and its muscles, (capable of dilation and
contraction and thus supplement the action of the thorax in ventilating

the lungs.

44. The arterial system of the mud turtle, Lissemya punctata.

(Miss) B. K. Dhillon, Lahore.

The arterial system of Lissemys punctata has boon studied by injecting
the animal either with aqueous carmine or with gum arabic mass and
fixing the animal in rectified spirit.

The heart in Liaaemys has not the conical shape, which is typical
in reptiles. Owing to a peculiar twist to the right of the median plane,
the arches and venae cavae of the left take a longer course to reach the
heart than, those on the right. The origin of the subclavians and ver-

tebral arteries is shifted so far forwards that they arise in common with
the carotids from the right systemic arch tlirough the innominate. The
carotids are comparatively long owing to the elongation of the neck, and
give arteries to the vertebral column (cervical region). The internal
carotids of the two sides form a loop in the pterygoid through w'hich they
pass. Blood is supplied to the aUmontary canal by two main vessels
which arise from the left systemic arch, instead of from the dorsal aorta.
The dorsal region of the vertebral column is supplied anteriorly by vessels

from the anterior epigastric and posteriorly by a bramdi on each side
from the sciatic arteries. There is a single pair of urinogenital arteries.

Ductus caroticus, ductus Botalli, external carotids, vertebrals and caudal
artery are absent.

45. Kemarks on the exhibition of very young embryos from a
tigress {Panthera tigris tigris, Linn.), shot in Hyderabad
(Deccan).

M. Rahimullah and B. K. Das, Hyderabad (Deccan).

The paper deals with three very yoimg embryos (two males and one
female), measuring from 4*2 cms. to 4*4 cits, in length (the tail being
about 9 mm. in length). Fore-limbs and hind-limbs, though very small
(about 9-10 mm. in length), possess the full complement of fingers and
toes respectively, without claws. Eyes, nostrils and mouth are complete,
but oxtemal ears are in procos.s of formation. The uteri were uninjured,
and two embryos were found in the right and one in the left uterus.

From various accounts it appears that breeding in tigers probably
takes place all the year round, and that 3 or 4 cubs usually constitute the
litter, but oven 6 to 7 have been recorded. It would appear that the
embryos under investigation might bo estimated at 4 to 6 weeks old.

46. Chromsomes of the American bullfrog Rana catesbeiana.

A. B. Misra, Benares.

The equatorial plates of the spermatogonia of Rana caf^eabeiana

show 26 chromosomes only in the metaphase, the garniture being made
up of 14 large and small V’s, 8 large and small J’s and 4 rod-shaped chromo-
somes. Thirteen bivalents and thirteen monads are accordingly present
in the equatorial plates of the primary and the secondary spermatocytes
respectively in their metaphases. This discovery brings the chromo-
somal complex of R. cateabeiana into a line with other species of this
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genufi which have been karyologically studied and disproves the validity

of Swingle’s results.
47.

A preliminary note on the sex-chromosomes of Paliidomus

tanschaurica (Gmelin).

R. V. Seshaiya, Annamalainagar.

The author has made a series of preparations illustrating the sper-

matogenesis of Paludomius tanacJiavrica (Gmelin). In the formation of

the eupyrene sperms, the phases of the first meiotic division show the

sex-chromosomes very clearly. In the diploid groups the sex-chromo-

somes can usually be recognized in the midst of the autosomes. In the

first spermatocyte division the X and Y chromosomes show marked
precession. The difference in the size of these chromosomes is also very

striking, the X-chromosome being larger and curved and the Y-cbromo-
some being in the form of a small round body. The diploid number of

chromosomes in the species is 18.

48. The yolk-nucleus of Balbiani.

D. R. Bhattacharya and M. D. L. Sbivastava,
Allahabad.

An attempt has been made to summarize the existing knowledge of

the origin, structure and functional significance of the yolk-nucleus of

Balbiani. The various views with regard to its homology and constitu-

tion have been discussed. It has been shown that if we accept the centro-

somal nature of the clear vesicles lodged in the centre of the spider
* Dotterkern and the mitochondrial character of the enclosing lamellBB,

the difficulties surrounding the task of homologizing the typical spider

yolk -nucleus of Van Wittich and others with those reported fVom the eggs
of other classes of animals—vertebrates and invertebrates— are solved
to a great extent. The yolk-nucleus then can be defined simply as the
centrosomal area of the oocyte carrying on acciimulation of mitochondria
and other cytoplasmic components. The grounds on which the central

vesicle can bo accepted as the homologue of the somatic centrosome
(Balbiani) and the lamellae as the modified mitochondria have been briefly

discussed, and attention has been directed towards the necessity of further
research on the subject.

49. Studies on the structure of the golgi apparatus. IV.
Endostyle of Branchiostoma indicum (Willey).

M. K. SxJBRAMANiAM, Madras.

An analysis of the previous literature on the Golgi a}3paratus shows
that views regarding the existoni^o of a network in vertebrates had changed
from time to time. A list of representative tissues where a Golgi apparatus
is recorded in vertebrates is given. A perusal of the list shows that a
net'work does not occur in ail tissues. Neither can a ‘ Golgi zone ’ bo
postulated. The terminology and the conceptions of the shape and
structure of the Golgi apparatus are so confusmg that an attempt has
been made to clarify some of the issues. Though the analysis was made
in order to see whether a clue might bo available as to the probable mode
of attack of the problem of the evolution of the network like Golgi appa-
ratus, the accumulated knowledge regarding the Golgi apparatus does
not enable one to select any particular animal or tissue where such evidence
may be expected. The study of Branchiostoma was undertaken under the
belief that some clue regarding the evolution of the network may be
found. No such evidence, however, was actually obtained.
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Each group of mucus secreting cells seems to be in a particular stage
of secretory activity. The variations in activity betwoen the individual
colls in a particular group is very small. It is generally observed that
while two groups of gland cells are loaded with mucus, the other two are
at the beginning of the secretory cycle.

The mitochondria which appear as a few large grains in the cells

at the beginning of the secretory activity breaks up into small granules
befom mucus droplets put in their appearance. Most of these mito-
chondrial granules am extruded with the mucus droplets.

The Golgi apparatus occurs as a few small grains having an indefinite

distribution. Tliere is no ‘ Golgi zone ’ and neither are these elements
collected around a centriole. These elements increase in size and number
and as they do so, in many of them the central area becomes brownish.
The elements finally got scattered through the cell. This scattering is

Boon followed by the appearance of mucus in the chromophobic areas of
the Golgi elements. Increase in size of the secretion droplets leads to
rupture of the chromophilio portion in regions where it is thin and the
mucus globules with Golgi caps may be seen in the cytoplasm. Most of
the Golgi elements degenerate and those left behind apparently reorganize
for the next secretory cycle.

The recent work of Hirsch and Duthie are discussed and it is shown
that unless equal importance is given in future studies to the shape and
structure of the Golgi apparatus and mitochondria as is at present given
to the function of these cytoplasmic components we cannot accept the
claims put forward by the above workers. There appear to be exceptions
as such, critical evidence is necessary.

50. The spermatogenesis of Clibanarius padavensis.

(Miss) G. K. Ratnavathi, Madras.

The testes of Clibanarius padavensis present the seminal elements in

various stages of growth, primary and secondary spermatogonia and
spennatocytes, spermatids as well as fully mature sperms being recogniz-

able in their testicular tubules. The spermatogonial number of chromo-
somes is himdred and sixteen. A centrosome, chromatoid bodies, golgi

and mitochondria are present in the cytoplasm. The first spermatocyte
division is reductional. The spermatid has a spherical, granular nucleus
to begin with but with the transformation of the spermatid it becomes
vesicidar. The golgi bodies fuse to form an acroblast and this secretes

a ring-like acrosome which later fuses with the rim of the nucleus which
has by now become cup-shaped. The mitochondria fuse to form a vesicle

which settles in the cup of the nucleus. The centrosome divides into two,
and one of them settles in the centre of the nuclear cup while the other
forms a ring-like structure at the distal end of the mitochondrial vesicle.

The central body grows out from the proximal centrosome and extends
to the distal centrosomal ring. Six tufts of spines now grow out from the
cytoplasm surrounding the nucleus and the formation of the sperm is

completed. The sperms get enveloped in sperraatophores as they pass
down the deferent duct and explode in a characteristic manner when
placed in dilute salt solutions.

51. Spermatogenesis in the common Indian pigeon Columba
livia domestica,

S. N. Mbhrotba, Benares.

The Golgi bodies of the spermatocytes, along with the idioplasm,

coalesce to form a definite mass in the spermatid which establishes itself at

an appropriate place against the nucleus to give rise to the acrosome. The
nucleus, during spermateleosis, elongates both in the direction of the
acrosome granule and the centriole. Mitochondria, which lay scattered
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in the cytoplasm of the spermatogonia and the spermatocytes, then become
plastered round the fibril which develops between the proximal and the

distal centrioles. This mitochondrial cluster eventually gives rise to

the middle piece of the spermatozoon, the proximal centriole forming the

neck. The flagellum of the spermatozoon is formed from the free portion

of the axial filament of the spermatid. Lastly, the sloughing off takes

place after which the spermatozoa mature. Heads of the immature
spermatozoa show a complex network, or spirals, of chromatin in their

interior. Such a structure has been reported by Wilson in the case of

Oallu&t and by Guyer in the case of Columba, The structure, distribution,

and behaviour of the cells of Sertoli have also been described, and the

differences between the mature and the immature spermatozoa indicated.

52. The decapod sperm.

ViSHWA Nath, Lahore.

In 1932 (Quart, J. Micr, Sci,) the author gave an aocoimt of the
structure and transformation of the spermatid into the spermatozoon in

the brachyuran fresh-water crab, Paraielphuaa spinigera. The homologies
of various weird structures described by earlier workers were worked
out in the light of modern literature, and it was made clear that the
crab sperm, in spite of its fantastic form, is with respect to its components
exactly like a typical sperm. In 1937 (J. Morph,) the author showed
that the sperm of the macruran, PaloBnion lamarreif on the contrary,

presents some atypical features.

A detailed study of the spermatogenesis of the hermit-crabs Coenohitci

rugosus and Glibanarius lougitarsm made at Krusadai during the summer
of 1937 has brought out several interesting and atypical features : (1)

the Golgi material degenerates during spermateleosis, as in Pakmion
lamarrH, and consequently the acrosome is conspicuous by its absence,

(2) there is differentiated in tlio axial region of the cytoplasmic vesicle,

which is of mitochondrial origin, a chitinoid tube, in whic'h the enlarged
(iontTOSorne is safidy lodged, (3) the formation of the chitinoid tube seems
to he associated with the fact that the centrosome remains single and does
not perform the plugging function, so conspicuous in Paratelphiuia and
Palcemon, (4) the spines are, as in Paloemon lamarreif cytopla/Smic in origin

and spring up from the region of the centrosome, but in Glibanarim
longitarsua there is e^ddence pointing towards the conclusion that the
spines are in reality bundles of axial filaments, (5) on two occasions the
sperms of Goembiia rwjosus were noticed to perform slow movements,
using the spines as fulcra.
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General

1. Amplification of the theory of multi-phased gastrulation

among insects, with remarks as to its applicability to

other arthropods.

M. L. Roonwal, Pasni (Baluchistan Coast).

None of the explanatioriH, which have been offered so far, is completely
satisfactory in explaining the nxode of ondoderm formation in the class

Insecta satisfying the general tenets of the germ layer theory. The author
{PhU, Tram, Poy. Soc. Lond.^ li., Vol. 226, 1936) proposed a theory of
multi-phasod gastrulation. Insect gastrulation occurs not in one or two
phases, but in several. The insectan endoderm is divided into primary
and secondary portions. The yolk cells are undoubtedly ondodermal.
The theory was first suggested in relation to Locunta wheie four gastru-
lation phases were recognized. The occurrence of supernumerary ventral
(gastral) grooves, the yolk coll membrane, etc. present in other insects

support the theory. With some amplification the theory is imiversaUy
applicable to the class Insecta. Three main phases and several sub-phases
of the first and second order have now been recognized. Further, not
only the endoderm, but also the ectoderm and the mesoderm, are regarded
as having undergone a quadruple division thus : Firstly, into primary
and secondary portions ; secondly, each of these become sub-diviaed into

permanent and evanescent portions. Each gastrulation phase involves
various modes for its being brought about. Of these, emboly or invagi-

nation, when it occurs, is not the most important and is a secondary
feature. The insectan gastral groove is, therefore, not homologous with
but analogous to the blastopore of the amielids.

There is considerable evidence which suggests that the theory of
multi-phased gastrulation in its fundamental aspect, viz., the prolongation
of the gastrulation act, is applicable to the Arthropoda in general and
to the Myriapoda and Crustacea in particular. However, the number
and nature of the various phases and sub-phases in these groups <liffer

somewhat from those in insects. Thus, the first phase of insects is probably
absent in the Crustacea.

2. Some reversal changes among locusts and other Acridi-

idae, and the probable importance of the third instar.

M. L, Roonwal, Pasni (Baluchistan Coast).

Ill the Acridiidae there is, in general, a progressive change of either

increase or decrease of various characters with each instar, the direction

of the change remaining constant from the first to the final instars.

Recently, however, some data has accumulated which shows that, among
locusts and other Acridiidae, certain peculiar changes—^morphological,

physiological as well as in behaviour—take place when the hoppers go
from the third into the fourth instar, and in one instance, from the second
into the third. These are mostly ro\^6raal choices and affect the direction

of the dorsal spot of eye, the position of wing and elytron rudiments,

(
na )
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the growth coefficients of vai'ious body parts, the respiratory intensity

and, finally, the locomotor activity. Extra moulting, on the other hand,
is a third instar. A partial explanation is suggested. Their biological

significance, however, still remains obscure.

It is suggested that these changes are governed by an automatic
regulation the mechanism of which is released, as a rule, in the later part
of the third instar. Available evidence suggests there types of such
Kigulation, viz., pliysiological regulation influenced by external environ-

ment, physiological regulation not so influenced and, finally, general

regulation not influenced by external environment. Since the majority
of these changes occur when the hoppor goes from the third into the fourth
instar, the third instar is considered as unusually important.

3. A preliminary note on the probable existence of seasonal

migration among the solitary phase individuals of

Locusta migratoria in North-West India.

Y. Ramaohandra Rao and D. R. Bhatia, Karachi.

There is sufficient evidence to sliow that solitary individuals of
Schistocerca are capable of making long distance migrations with the
seasonal change of rain-belts, from the winter rain regions of Baluchistan
to the summer rainfall areas of tho Indian Desert at the beginning of
summer, and at tho close of summer breeding, back to the winter rain

areas of l^aluchistan in autumn and winter.

In the course of Desert locust survey, specimens of the solitary phase
of two other locusts

—

Locusta migratoria and Palartga succincta—ha\-e

been met with.

The €uialogy of Schistocerca gregaria suggested a similar migration
in the case of these two locusts. The data available for Patanga are,

liowever, too scanty for drawing any definite dedu(?tion8, but in the case of
Locusta, fairly significant, though fragmentary, information has been
gathered.

It seems that the solitary individuals of Locusta breed in spring
in Baluchistan areas and migrate at the beginning of summer into the
Desert areas, where a summer generation is produced, which apparently
migrates westward in autumn.

Since both SchiMocerca and Locusta very often appear and disappear
together in the Sind-Rajputana areas, it is pmsumed that the same mete-
orological factors—such as tho development of areas of low saturation
deficiency and the seasonal change in the wind-directions—affect the
migration of both species.

During 1937 fairly intensive breeding of Locusta would appear to
have occurred in the Bolan, Kohlu and other valleys of Baluchistan in
May-Jime, and the occurrence of large concentrations of Locusta noticed
in July at Sadulpur and Nohar in east Bikaner may possibly have to
be linked with the spring breeding in Baluchistan.

4. Copulation and allied phenomena in the Desert Locust
(Schistocerca gregaria^ Forsk.).

C. B. Mathxjr, Lyallpur.

The behaviour of tho sexually mature adults, before, during and at
the end of copulation has been described. The normally very ‘ shy *

locust is much less so when in coitus. Disturbing circumstances, such as
thunder, light rain, and wind are not sufficient to force a copulating pair
to break. The female, with the male on her back moves away to a place
of safety.

A female plays a more or less passive part in mating, and for duration
and frequency of copulation the male is entirely responsible.
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The time required for the formation and transference of a sperma-
tophore from male to female is about half an hour, A copulation of a
shorter duration than this is ‘ false in the sense that the female receives

no fertilizing fluid.

At the time of the first copulation the male is sexually fully mature
while the female may not have reached the stage of full maturity. Mating
hastens the sexual maturation of the female.

Parthenogenesis occurs, but in females which have not/ mated ovi-

position is rare and belated. Pospelov’s assumption that the penetration
of fertilizing fluid is necessary for sexual maturation is not well founded.
Even desexualized males and females mate. A female mating with a
desexualized male oviposits as early and as frequently as a female mating
with a normal male.

Taxonomy

6. A proposed revision of the present taxonomy and nomen-
clature of the Indian honey bees.

T. V. Bamakbishan Ayyae, Madras.

Forty years have now passed since Col. Bingham published an accoimt
of the Indian wasps and bees (Hymenoptera) (Vol. I

—

Fauna of British

India seriea 1897) and, since then our knowledge of these insects, especially

regarding their classification, has undergone revolutionary change. It will

be an extremely valuable contribution to Indian Entorrxology if a revision
of Bingham’s volume is undertaken. Since 1897 himdreds of new species

have been recorded from different parts of India. By 1916-17 when the
present writer published the ‘ Catalogue of new wasps and bees recorded
from India since 1897 ’ in the Bombay Natural History Journal, over
two hundred now species had been recorded. In this paper a suggestion
to revise the taxonomy of the honey bees of India is made. A proposal
is put forward to erect a new Sub-genus ; Megapis to include the rock
bee

—

Api^ dorsata, because it possesses striking features of its own. A
proper identification of tho South Indian Dammar-bee {Melipona}
is also attempted.

6. On two Chalcidoid parasites on moths with a description

of Eupelmus terminalice, sp. nov.

H. A. Hafiz, Calcutta.

The occurrence of two Chalcidoids, Brachymeria euploeoe (Westw.)
and a new species of Eupelmus found as parasites of moths is recorded
in this paper. A detailed description of the male and the female of the
new species is also appended.

7. Some species of the Scolytidae (Coleoptera) from Mysore,
with special references to the occurrence of Stephanoderea

hampei Ferr, in dry cotton fruit stalks and carpels.

T. V. SuBRAMANiAN, Bangalore.

Extensive collections of scolytid beetles were made in the coffee

estates in Mysore and Coorg, when a search weks instituted in 1930 for tho
ooffee berry borer S, hampei Ferr. Out of the 12 different species collected

four are new to science.

No StepJtanoderes hampei was found in any of the estates. Specimens
of Stephanoderea hampei were collected on the dry fruit stalk and empty
carpels of cotton in a place far remote from the nearest coffee area.

Further examination of cotton fruit stalks and carpels from different

parts of the State did not reveal the presence of the coffee berry borer
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S. hampei, but all stages of three different species of the genus were obtained

and these are :

Stephanaderea uniaeriatm, Eggers.
Stephanaderea eupolyphngua,
Stephanad&rea arecaae, Hornung.

As three different species of Stephanoderea are quite common on dry
cotton stalks and carpels and the fourth one S. hampei was obtained once,

it is very Jikely that further search will reveaJ the presence of this insect

on this new host plant, the other host plants of the insect recorded in

foreign countries lieing Coffea achumanniana, Tephrosutt Crotolaria.

Morphology

8. The mechanism of oviposition in the Ak-grassAopper

(PoerAlocerus pictus),

S. S. Kapur, Lahore.

A brief account of the morphology of the exposed parts of the ovi-

positor of the Ak-grasshopper (Poecilocertia pictua) is given. The muscles
employed in the mechanism of digging and egg-laying, i.e. in exaertion

and retraction of the o\'ipoHitor and opening and cJ,oaing of the valuloe

are described.

9. On the post-embryonic development of eye-stripes and
their correlation with the number of larval instars in the

life-cycle of Schistocerca gregaria Forsk.

iS, Mukerji, Karachi.

The paper embodies the observations made during the study of the
post-embryonic development of stripes in the compoiuid eyes of Schido-
cerca gregaria, and delineates its correlation with the number of larval

instars in the life-cycle of this species. Thus, it has been found that

4 different typos of eyes viz., with 5, 6, 7 and 8 stripes are to be recognized
in Schiatocerca gregaria, correlated as they are with 4, 6, 6 and 7 larval

instars in the different types of life-cycle.

On the basis of the experimental results obtained in the case of
Schiatocerca gregaria, the author is tentatively of opinion that the same
relationship exists between eye-stripes and the number of larval instars

in other Acridids with difinite eye-stripes.

Further, it has been n^aintained that this variation in the number
of instars in the life-cycle of the same species is neither a transmissible
hereditary character nor is related in any way with sex, as has been
considered by some authors. It has also been found to be independent
of the following factors, viz. food, relative-humidity (atmospheric) «nd
sunshine. It is suggested that the crowding of hoppers in a limited space
may possibly have some effect on the inhibition of certain instars.

10.

Correlation of eye-stripes, with instars of Schistocerca

gregaria Forsk.

R. N. Batra, Sindh,

One hundred and fourteen isolated hoppers of Schistocerca gregaria
Forsk were fed on differed food plants to discover if the number of stripes
in the compound eyes of the adults could be correlated with the quality
of food given to the hoppers during their post-embryonic development.
The results obtained indicate that the number of eye-stripes is entirely
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dependent on the number of moults, a hopper undergoes during its develop-

ment, but is independent of the quality of food. It is also seen that in

case of seven-striped adults it is always the second moult which is repeated
and that both males and females with seven stripes are produced.

11, An extra hopper stage in the Desert Locust (Schistocemi

gregaria, Forsk.).

C. B. Mathur, Lyallpur.

The Desert Locust usually passes through five hopper stages, not
coxisidering the vermiform larva. Sometimes an additional hopper
stage occurs. This is always after the normal third stage. A hopper
in extra third stage is bigger than a third stage hopper but smaller than
a normal fourth stage hopper. It lies between the two normal stages in

respect to the size and disposition of the wing pads, but the number of
their antennal segments and the number of stripes of eyes corresponds
to those of a normal fourth stage hopper. Hoppers of advanced stages
and adults which have passed through the oxtra stage are recognizable
by the additional antennal segments and eye stripe which they bear.

In a typically gregarious brood the extra stage does not occur. In
the transient forms it occurs only rarely. It is characteristic of phase
aolitaria and possibly occurs to accommodate the greater growth, resulting

in bigger size which aolitaria Desert Locust attain.

12, On the thoracic^ mechanism of the pulse beetle Bruchua
qvctdrimaculMus Fabr.

Durgadas Mckerji, Cahniita.

This paper is one of the series on the pulse beetle and deals with the
structure of the thorax and its musculatures. The meso- and metathorax
are divisible into pmscutum, scutum and scutellum. Tho first and last

constituent parts, represent pro- and mesopViragmata respectively. The
musculature of tho wings as well as of the legs aro described. The pecu-
liarity of the flexor and extensor muscles of the wings is shown. The
rotatory muscle of the third leg which shows a rotatory motion along
the transverse axis is described.

13, The alimentary canal of Ooccinella septempunefata (Coleop-
tera) with some observations regarding the re-associa-

tion of malpighian tubules.

S. Pardhan, Lucknow.

This paper embodies, firstly, a histological study of the alimentary
canal, specially the mid-gut of C. aeptempunctakiy and secondly, a few
experiments throwing considerable light on the problem of re-association
of the malpighian tubules with the hind-gut.

Tho histological study of the mid-gut has revealed four definite types
of epithelium one of which is surprisingly peculiar and has not been
described before. This type ofepithelium is peculiar in showing apparently
two layers of cells one superimposed over the other, the outer layer having
large, regularly arranged, inter-cellular vacuoles as have not been described
before at least in the gut of insects.

In Cocoinellids as well as in many other insects the malpighian tubules
after originating at the junction of the mid and the hind-guts and then
traversing into the body cavity re-associate with the posterior portion
of the hmd-gut. The signifloanoe of this re-assooiation has remained
a mystery ever sinoe 1811 when such an arrangement was first described
although several theories have been put forth, the latest of them being
that of Landis (1936). The experiments described in this paper pro'^
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contrary to all previous theories, that the re-association of the malpighian

tubules is a part of the device for the conservation of water. The re- ’

associated portions of the malpighian tubules act as a filter for eliminating

waste toxic material contained in the liquid which is mechanically pressed

out of the colon into the body-cavity.
14.

On the structure of the so-called ' penis ' of the Oriental

oat-flea, Gtenocephalides felis suhsp. orienfis (Jordan).

M. Shabif, Aligarh.

The complicated apparatus forming the so-called ‘ penis ’ of the

(^at-flea comprises, as in other insects, of two distinct types of structures ;

the phallic organs consisting of a median intromittent organ, the aedeagus
and its supporting structures, and the periphallic organs which assist

in copulation by clasping the female. ^

The phallic organs are sunk into a large genital chamber which is

a permanent iiTevorsible pit and its outer terminal portion is narrowed to

form a, highly sclerotizod and complicated structure. The phallus is

short and is about one-half the length of the genital chamber. As it

cannot protnide through the narrow external opening of the genital

chamber, the sperm fluid is carried into the vagina by two apodemes
which in reality form the true copulatory organ. Enclosed within the

dorsal portion of the jieriphallic organs is an elastic sac leading by a narrow
canal into tho terminal portion of the genital chamber, which acts as

a pumping organ.

The periphallic organs consist of two strongly developed sclerites

which give suppoi*t to the genital chamber and tho genital pouch, and the
musculature of the organ. Their structure and homologies are described

in detail.

Physiology

15. Effect of different sugars on the longevity of Microhracon
greeni, Ashm.

8. N. (luPTA, Narnkum.

The problem was initiated by Dr. H, K. Sen, who suggested that the
study of carbon assimilation might be useful in determining the conditions
necessary for the healthy growth of this braconid. Arabinose (Pentose),

glucose (Hexose) cuid canesugar (Hexodiose) were selectod for study.
Arabinose 1 per cent, solution was found to be the most inferior

of tho three sugars. Adults fed on cane-sugar wore found to live longer
than those fed on other sugars. Feeding on 3 per cent, solution both in the
case of glucose and cane-sugar resulted in longer longevity than on 1 per
cent, solution.

16. Further observations on the role of blood in ovulation
in Culicid®.

S. K. Sen, Muktesar.

These observations, which axe in continuation with those previously
published by the author (1917, 1923), were carried out to determine the
relative influence ofwhole (shed) blood, serum and other blood constituents
on the maturation of ova in Aides (Stegomyia) albopietvs Skuse. Viable
eggs were deposited by these mosquit^ when they were fed either on whole
blood or on serum, but their number was considerably less than in the
case of those fed in the normal manner on the body of a mammalian host.
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No eggB were obtained when the mosquitoes were fed on physiological
(Ringer-Tyrode) saline solution or on water with apH value approximating
that of serum. The results of providing a physical stimulus in the form
of liquid food heated to 37®C. were likewise negative, A proportion
of the mosquitoes used in each experiment were periodically dissected out
and their ovaries examined, but no indication of ovulation was obtained
in individuals other than those fed on whole blood or serum.

The paper describes a convenient technique for feeding mosquitoes
artificially in captivity.

Ecolofiry

17. On some physico-chemical factors of the breeding places

ofAnopheks aundaicm.

P. Sen, Calcutta.

The paper deals with the three factors—chloride, hydrogen ion
concentration and carbonates of natural waters of the Salt Lake areas
to the east of Calcutta as well as in Calcutta itself in which Anopheles
sundaieus (htdlowii) breeds. Only such siunples in which breeding was
actually going on the days of analysis were considered. It was foimd
that the salinity as expressed in terms of clilorine varied from 634*0 to 16*0

parts per 100,000 and the average was 164*3. The variation was so great
that this factor by itself cannot bo utilized to predict aundaicus breeding
areas. The pH value was more constant for the breeding water ranging
between 7*7 to 8*5, the average being 8*2. The figures for carbonates
were irregular and showed no relationship with pH. Presence of algee

of the genera Enteromorpha, OsciUedoria^ and Oedogonium. as also the weed
Hydrilkt were found to be the essential factor—^which factor along with
pH probably determines the presence or absence of Anopheles aui^Uiious

in a water collection.

18. Length of life of pink bollworm moth and its correlation

with temperature and humidity.

H. 1). Nangpal and V. N. Poobna Prbqna, Hyderabad
(Deccan).

The piiik bollworm moths are relatively long lived at Parbhani*
To discover the reason for this, a statistical study of the longevity of the
‘ short cycle ’ motlis, in relation to temperature and humidity was under-
taken. Scatter diagrams for longevity in relation to humidity,
temperature, and temperature and humidity showed that the whole
period—15th June to 15th April—could be divided into two separate
periods : the first ending with 30th November. It was observed that the
average longevity of moths in the first period was one and a half times
that in the second period, and while the average daily mean temperature
was practically the same for the two periods ; the humidity was higher
by about 60 per cent, in the first period. The coefficients of correlation

were worked for all the factors and for the two different periods separately.

It was found that in the first period, life was negatively correlated with
temperature or humidity. In the second period the correlation was
negative with temperature and positive with humidity. Multiple correla-

tion coefiicients and the corresponding regression equations for length

of life in terms of humidity cmd temperature were-also worked for the two
periods. Mean humidity between 60 per cent, and 70 per cent, with
mean temperature varying from 60®F. to 70®F. was found to be suitable

for the long life of the moth.
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19. EjBFect of temperature and humidity on the mortality

of the silkworm, Bomhyx mori L.

D. P. Raiohoudhitey and D. C. Sarkbe, Calcutta.

Two generations of silkworms were reared tmder ordinary laboratory

conditions. These were the progeny of an apparently healthy female.

The first generation reared in March, 1937, behaved normally and was
found to be apparently healthy. N^o symptoms of any di^ase weie
noticed. Neither the temperature nor the humidity was high in this

month.
The second generation reared in April, 1937, wits quite healthy and

behaved like normal worms till the onset of the 4th moult ; but after this

moult, when both temperature and humidity rose fairly high, i.e. 94®F. and
87 per cent., a heavy mortality (86% approximately) occurred. Death was
mostly due to Flacherie and Grasserie. This experiment confirms the

view expressed by Jameson that ‘ When both temperature and humidity
are high then Flacherie is to be expected *. Mortality ratio does not
become so high by variation of a single factor.

20. Ecological study of soil organisms in the sterilized soils

at Rothamstead.

K. D. Bawbja, Lyallpur.

Soil waa sterilized to a depth of one foot in February and May, 1936,

by baking it at 212°F. Some plots were barricaded by iron sheets 12

inches below and 6 inches above ground and other loft unenclosed.

Samples were taken at fortnightly intervals throughout a sequence of
14 months. Ladeirs fiotation method was used for isolating soil organisms.

(1) The soil organisms took seven months in the unenclosed and five

months in the enclosed plots to reach normal density. At the close

of the experiments the number on the sterilized plots had increased to
1«6 and 1*8 tinges that of control, (2) The relative proportion of the soil

organisms was considerably affected. Some predominating forms having
failed to maintain their dominance in the sterilized plots, some rare

ones increased enormously. (3) Distinct seasonal variations were another
feature of the fauna, particularly Collembola. (4) Certain injurious
families of Collembola increased from 1*6 to 22 times over the control.

As the soil under tropical conditions gets partially sterilized during
summer, it is quite possible that the ‘ Root rot * of cotton and other plants,
like the * Root rot ’ of sugar-cane in Louisiana, may be fo\md to originate
from the direct damage caused to the tender roots of young plants by the
vast number of these small animals.

21. The influence of temperature on the rate of growth and
size in the desert locust {Schistocerca gregaria Forsk.).

Abdul Haq, Lyallpur.

The rate of ^wth of the locust hoppers expressed €U9 a correlation
between their initial weight (at the time of hatching) and their final

weight (just after acquiring wings) was studied at 27®, 33®, 37® and 40°C.
respectively. It has been foimd to vary in inverse proportion to
temperature.

Temperature also influences the size of the adult. Adults developing
from the hoppers belonging to the same hatching, but bred at 27® and 40®C.
showed difference in size. Individuals reared at 27®C. were bigger in
size than those reared at 40®C. The locusts at the two temperatures
were of the same phase (having been reared singly) but had different
l^dy proportions, suggesting that the body proportions depend on the
size of the individual.
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22. The effect of climatic factors on the flea Xenopsylla cheopis,

P. A. Buxton, London.

Insect Behaviour

23. The frightening attitude of a deserfcmantid, Eremiaphila
hraueri, Kr.

M. L. Roonwal, Pasni (Baluchistan Coast).

Eremiaphila hraueri, Kr. has been observed to assume a peculiar
frightening attitude when pursued by an enemy. After running away
a ^ort distance, it suddenly turns round, unfolds its wings and stancls

erect on its hind legs, ready to peck if the enemy approaches too close.

If the enemy moves round, the mantid also moves and always tries to face
his adversary. This may last for twenty minutes, or even more. This
attitude perhaps frightens away the enemies which are usually lizards

and probably also birds. The mantid is generally found on hard clayey
and ‘ kallar ’ soils, in preference to sandy areas locally known as * reks
and is protectively oolouied, being a dull greyish brown. The lower
surface of the elytra and both the surfaces of the hind-wings, which are
non-functional for flight, are brightly coloured, being of a dark purple
hue almost tending to black. They play an important r61e in the
frightening attitude. So far, only ripe females have been observed to
assume this attitude, unripe females and males not having been met
with in the field. As shown by an examination of the stomach contents,
the main food of the mantid appears to be desert ants.

24. Studies in the phototropic response of the larv» of
Trogoderma khapra Arr.

Guucharn Singh, Lyallpur.

Keactions of Trogoderma khapra larvie to artificial light were studied.

It was observed that- the newly hatched larva* showed complete indifference

to light but as they grew older, they gradually developed negative photo

-

tropism, with the result that on the third day afl/or hatching 77 j}cr cent,

of the larvae showed distinct negative phototropisni. This response
became much moi-o pronounced during the subsequent mstars. A few
lairvffi, however, remained indifferent to light and the number of such
individuals decreased markedly as the larvae developed. Further some
of the larvae before and after a moult became indifferent to light. With
the approach of the pupal instar the majority of the larvae became
indifferent once again.

Bionomics

26. Life-history and biology of Monophlehus stehbingi.

A. B. Misra and 8. R. M. Rao, Benares.

Cox)ulation in Monophlehus stehbingi takes place in the third week
of May, after which the females begin to retire for ovipositiou in suitable

places and this continues till the end of July. The ovary is very rudi-

mentary at that time and it takes five months to attain maximum develop-

ment. Eggs are laid in ovisacs specially seemted for the purpose. The
eggs require five to six montlis for incubation. The first stage nymph
appears by the end of March. The sex of the nymphs can be dis-

tinguii^ed by the colour differences the male-pi’oducing larvte being

pink coloured, the female producing ones being yellow. The nymphs
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of the two sexes differ in their behaviour also, inasmuch as the male
nymphs retire to suitable places for the purpose of pupation, while the
females remain on the branches. The duration of the second stage larvie

is 11 to 12 days. Soon after the second moult, the male nymphs lie

inside the last nymphal skin cmd undergo a process of metamorphosis.
The male moults four times, and the femaSiBS three times only, ^he third

stage of the females lasts for 16 to 18 da3rB. The process of copulation
is described.

26. On the habits and life-history of Amphipsyche indica

Martynov. (Trichoptera).

H. A. Hafiz, Calcutta.

A short accoimt of the life-history of a triohopteran Amphipayche
indica Martynov is given. The larval and pupal stages of th^ insect

were described by the author in a recent paper, and the present accoimt
completes the account of the life-history of this form.

27. Two caterpillars of economic importance not recorded

before in S. India.

T. V. Ramakrishna Ayyab, Madras.

At the previous session of the Congress the author submitted a paper
on the cultivation of the Koorkan {Coleus parviflora), as a vegetable crop
in the Malabar, and a passing reference was made to two leaf eating
caterpillars causing some damage to the crop. The insects have been
identified as Pycnarmon cribrata, F. and Phostria piasusalis, W.

—

{Pyra-
lidae).

The Pycnarmon cribrata is badly parasitized by Microgaster psarae W.
(Braconidae).

Observations on the bionomics of these insects have been made.
There is no previous record of these insects from South India.

28. Lithocolletis virgulata, Meyr.

Hari Dev, Lyallpur.

LithocoUetis virgulata, Meyr., is widely distributed in the Punjab. Its

caterpillar mines the leaves of Pongammia glabra. Vent., Butea frondosa.
Koenig, etc.

Eggs are inseited singly, usually on the upper side ofthe leaf in summer
and on its both sides in winter. A female lays up to 20 eggs. The eggs
hatch out in 3-4 days in summer and 16-26 days m winter. The larval
stage lasting for 12-14 days in summer and about 42 days in winter.
Pupal stage lasts for 2 to 1 5 days, pupation taking place in the mine.

29. The economic role of South Indian horn worms (Sphingidae).

T. V. Ramakrishna Ayyar, Madras.

This paper is an attempt to bring together our knowledge of the
bionomics of South Indian Sphingids of economic importance.

80. The high fecundity of the Epilachna beetles Epilachtia

vigintiopunctata Fabr, and Epiladina dvdeeastigma Mul.,
in Cochin.

C. S. Venkbtasubban and Nbblakanta Iyer, Trichur.

While studying the bionomics of these two Epilachna beetles in Juno,
July, 1933, it was found that they possessed high egg laying capacities.
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Tabular details are given of the extent of oviposltion of five females of

Epilachna vigintiopunctata. It was noticed that during a period of a
month and a half, they had laid a total of 1347, 720, 806, 856 and 850 eggs

respectively. Brejedirig experiments in subsequent years with both the

species, have confirmed these results.

Agricultural Entomology

31. The cotton jassid, Empoasca devaMans distant.

M. Afzal Husain and K. B. Lal, Lyallpur.

Empoasca devastans is one of the most serious pests of the American
cottons in the Pimjab. Hibuctis esculentus, H. vitijolius^ Solatium melon-
gina, S. tuberosum and Althea rosea are its alternative hosts and are often
damaged severely.

The bisect breeds practically throughout the year. Eggs are laid

singly, usually in the loaf veins. Nymphs moult five times before becoming
adults. One life-cycle—from egg to adult, may occupy from 11 days
in autumn to 32 in winter ; the adults may live for over 3 months.

Damage is caused by the immature and adult stages, which suck
juice from the loaves and inject some toxic substance which kills the
leaf-tissue. The leaves develop brown spots, and crinkle.

E. devastans shows considerable varietal preference and there is some
evidence to show that the resistance of a variety results from inability

of the female to oviposit freely on it. The r61e of some factors supposed
to confer immunity from jassid attack on certain varieties, was tested.

Contrary to the common belief, hairiness of leaves while being associated
with resistance cannot be held by itself to be responsible for jassid

resistance.

As economic and effective control is only possible through the evolution
of jassid resistant varieties and a thorough study of the characters which
make a cotton plant immune or resistant is needed.

32. Studies and observations on the incidence and control

of Spodoptera niauritia (Bosid) a major pest of rice in

Cochin.

C. 8. Vbnketasubban, Trichur.

Observations on the life-history, incidence, and control of Spodoptera
niauritia^ are presented. The distribution, occurrence, and habits of the
pest, in the three main seasonal crops of paddy Virippu, Mundakan and
Panja includmg Kole—arc discussed in detail. The chief eTivironmental
and climatic factors that determine an incidence, are discussed. Control
measures as practiced by the local agriculturists, and those evolved by the
Entomological section, are descril^d. Dusting with calcium arsenate

diluted with lime in the proportion of one to six by volume has given
very promising results. The main cbdvantage of this dusting is that it

can be carried out' with success in dry 6is well as water fields alike. The
operation is best carried out, as soon ss, the larves hatch out from the eggs.

83. Observations on the sugarcane borer incidence at the

Government Sugarcane Farm, Jorhat.

K. C. Sharma, Jorhat.

The total borer incidence usually follows top shoot borer inoidenoe.

But there are exceptions in experiments in which lime and artificial

fertilisers were used. In both cases top shoot borer was less prevalent.

There is a certain amount of difference in borer attack in the different

varieties ofcanes.
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There is a seasonal difference in borer attack.

In regularly attended plantations s\ich as in an experimental farm^
it may be seen that plant cane suffers more than ratoon cane from borer
attack.

The cultural methods, i.e. the time of planting and also the spacing
have some correlation with borer incidence.

Top shoot borer moths oven in their gravid stage are more attracted

by light traps than the stem borer moths.

34. Semiothisa (Macaria) pervolgata, a Geometrid pest of
Daincha (Sesbania aculeata).

M. C. Cherian and B. Kangiah Pillae, Coimbatore.

A Geometrid moth—Semiothia {Macaria) pervolgata—does consider-

able damage to Daincha, an important green manure crop in the Madras
'Presidency. In 1936, a two-acre plot under this crop was completely
defoliated by these caterpillars. The life-cycle of the pest occupies 17-24
days, the egg, the larval and tho pupal periods being 3-4, 8-12 and 6-8
days respectively. A Braconid parasite—^Apanteles sp., was noticed in

numbers on the caterpillars. The remedial measures tried, include light

traps, insecticidal trials, handnetting, etc.

35. Studies on Laphygma. exigua, Hb., and its natural enemies.

M. C. Cherian and M. S. Xylasam, Coimbatore.

As far as the authors are aware, Laphygnia exigua^ Hb., though known
to have a wide range of host plants in North and South India, has not been
recorded as a post of tobacco nurseries. The environmental conditions
under which the caterpillars assume the pest form are indicated and a
brief account of the nature of cultivation prevalent at Chirala and outlying
parts is given.

The habits and the general bionomics of the moth and the caterpillars

are given in details ; the nattire and extent of damage to tobacco nurseries

is indicated. A sand dune weed Giaekia phamaceoideSf St., has been found
as an alternate host on which the pest bred both during on and off-season.

Light trapping, trap cropping with Eleuaine coracana, spraying with
lead arsenate powder and hand picking of caterpillars are some of the
measures adopted by the growers.

A few experiments in control performed at Coimbatore are briefly

indicated. Attempts at the utilization of the predatory Reduvid bug
Rhinocoria fuacipea, F., and the Tachinid fly Sturmia iricoTiapicymdea

have shown that the former alone holds out promise.

36. Effect of bollworm attack on the number of seed, . lint

weight, seed weight and ginning percentage of clean

locks in partially damaged bolls.

H. D. Nangpal, Hyderabad (Deccan).

The bulk of ‘ clean ’ cotton picked from a field is generally a mixture
of cotton from bolls having all locks sound and fh)m bolls having only
two or one lock sound. The cotton from bolls, with one or two looks
damaged does not have the same weight as those from bolls having all

locks som\d. This difference is more pronoimced when the bolls are
attacked in their earlier stages of development. Even sound locks in such
bolls are small, with fewer seeds and poor lint. Tho differences in the
number of seed per lock, seed weight and lint weight per seed and per look
and ginning percentage of clean locks derived from bolls having one or
two locks damaged and of clean locks from sotind bolls have been studied.
In addition to this the locks from btilk clean cotton and total saleable
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cotton have been compared with clean locks from soimd bolls. It has
been determined that the looks from sound bolls have more seed per look*
have more seed weight and lint weight, and give a higher ginning percentage
than the locks from damaged bolls. The loss in the crop due to boUworm
attack when calculated on the basis of clean locks derived from sound
bolls is always higher than the one calculated on the basis of total clean
looks (bulk) fiom a plot.

37. Incidence of spotted bollworm attack on cotton at Parbhani
(Hyderabad-Dn).

H. D. Nanopal, N. T. Nadkarni, and T. E. Krishnaswami,
Hyderabad (Decc«‘in).

Two different species of the spotted bollworms—Erias fahia Stol and
Erias in^ulana Bosid—damage the cotton crop in Hyderabad-Dn. The
former is mom common and is met with throughout the period the cotton ’

plants stand in the field, while the latter is pmsont in some numbers
in the beginning and towards the end of the season. Their incidence
on the crop is greatest during which period most of the damage to the
green forms is done. In a bad year as many as twenty -five per cent., of the
buds and about forty per cent., of the bolls are found to be attacked
by spotted bollworms. Most of the attacked forms get shed and bollworms
are responsible for more than fifty per cent, of the shed forms. After
about the first week of December their activity declines and the percentage
of incidence is lessoned. Once again towards the end of February a slight

gradual increase in the percentage of forms damaged by spotted bollworms
is noticed.

38. A caterpillar pest of champaka (Michelia) in South Malabar
district.

T. V. Ramakrishka Ayyar, Madras.

The champaka {MicJielia Champaka), apart from its value as a timber
tree, is ever green, and its sweet smelling cuid beautiful golden flowers

command a good market in all villages and towns. It tlirives along the
foot-hills and uplands of the Western Ghats and is commonly cultivated

round about temples, being one of the trees held in some veneration by
Hindus, in many localities. The writer has on his farm, in the South
Malabar district, a few yomig champaka trees and recently these were
attacked by the leaf-eating caterpillar of F. agamemnon (Papilionidae).

The bionomics of this insect is presented.

39. A new Cecidomyiad pest of Moringa.

M. C. Chbrian and Mohamed Bashbeb, Coimbatore.

A study of the fauna of the flower buds of Moringa pterygosperma has
revealed the presence of different insects such as Cecidomyiads, Pyralids,

Thrips, Braconids and Chaloids. Of these, the first one, noted as a pest

of moringa buds was described as a new species by M. S. Mani of the Indian

Museum, Calcutta. A short account of tho bionomics and natural enemies

of this insect is presented. Control measures tried against the pest are

also briefly indicated.

40. The amaranthus stem weevil ofS . India (Lixua hrachyrrhinua

Boh.) and its parasites.

P. N. Krishna Ayyar, Coimbatore.

In an attempt to evolve a system of biological control of the cotton

stem weevil {Pempherea affinis Fat.) one of the difficulties experienoed
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was the scarcity of the host during the greater part of the year for the

artificial multiplication of the parasite. A subsidiary host was found
in the common amaranthus stem weevil {LixuR hr(u:hyrrhinii8 Boh.).

It is easily available and regularly abundant and has yielded satisfactory

results for maintaining a stock of a few of the more important parasites

of Pempheres, although not for their rapid multiplication. This useful

laboratory host is of a further interest as it harbours a relatively rich

series of parasites, some of which may be expected to transfer their atten-

tion to the cotton stem weevil.

The bionomics of Lixiut hrachyrrhiniLa has been studied.

About eleven species of Hymenopterous parasites—seven chalcidoids

and four braconids—have been bred out of the immature stages of the
weevil. Among those Tetrastichua dinarmus and Spaihiua constitute

the more important ones. All the para.sites are ectophagous with the

exception of Teirastichua sp. which is an internal feeder. An undetermined
chalcidoid is an egg parasite.

*

Observations of the life-histories of many of these have been made.

41 . Measures against sugarcane pests in the Jullundur circle.

M. FATBH-tTD-Drc^ and Bh. Dalbik Singh, Jullundur.

There is rapid increase in the cultivation of improved cane and in

one locality the area under Coimbatore types has risen from 15,670 acres in

1929-30 to 95,831 acres in 1936-37. But the top-borer and pyrilla are the

serious limiting factors in the spread of high yielding canes. During
1934-35, the top-borer attacked, on an average 60 per cent, of the shoots ;

and pyrilla damaged the crop so badly that cane tops wore even refused

by cattle and gur of very poor quality could be obtained. Because of
low recovery of sugar from the pest affected cane, the Jagatjit Sugar
Mills, Phagwara, had reduced the price of cane to 2*6 aimas per maund,
and the growers preferred to sell their cane even at this low rate.

Begular campaigns against sugarcane top-borer and pyrilla by simple
methods have been conducted in compact blocks of several villages.

Two years* results are available.

Hand-picking of moths and egg-clusters of the top-borer and the
removal of borer-affected shoots, reduced the top-borer attack in the
treated areas from 3 to 6 per cent, as against 30 to 40 per cent, in the
untreated localities.

Hand-netting of pyrilla adults early in the season and crushing the
egg-clusters simultaneously gave very satisfactory results.

The total cost of all these control operations, by engaging hired
labour was Ks.3-12 per acre. In the case of ordinary peasants

^
who

attended to these simple operations themselves the cost was nothing and
crop remained healthy.

Horticultural Entomology

42. An annotated conspectus of the insects affecting fruit crops
in South India.

T. V. Eamakrishna Ayyar, Madras.

Among the problems which face a fruit grower the insect problem
is perhaps the most important. Information on the entomologioid aspect
of fruit growing in S. India, is presented.
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43. Some observations on the bionomics and control of fruit

fiy peats in the N.-W. Frontier Province.

H. S. Pritthi and H. L. Bhatia, New Delhi.

The fniit flies are of importance in almost all fruit growing tract.s

of India. Pears, peaches, loc^ats, guavas, apples, mangoes, etc. all suffer

from the ravages of these flies. Observations have been made on the

biology and life-history of these pests in the North-West Frontier

Province, where pears and peaches suffer most badly. A number of sprays,

baits, and repellant has been tried, the result of which are briefly

summarized.

44. On Agrilns citri Therv (Buprentidac), a pest of acida

in Bihar.

B. B. Bose, New Delhi.

The buprestid gnibs which are popularly known as flat-headed borers

feed on the sapwood just beneath the bark of the host trees, sometimes
killing them outright.

The genus Agnltm is very large and contains nearly 1,100 species,

ofwhich 38 occur in India.
Agrilua citri Thory is being recorded from India for the first tim(».

It was obtained from a ir’cc of Cyilrus acida at Pusa which was killed by the
ravages of its grubs. A seedling of this which had been planted in the

compound of the Tnsectary at Pusa in 1026 and which up to 1933 gave
good size fruits in large numbers was found in Juno 1934 to be suddenly
dying away and its leaves had tunxed yellow. On examination grubs,

pupae and booties of Agriluft citri were found in its trunk and branches.
The nature of damage by the grubs has been described.

This post was found to bo parasitized in the grub stage by the braconid
parasite.

The various stages in the life-history of the pest and its parasilo

Spafhins sp. have been described and illustrated. The parasite has not
yet been identified specifically and is new to the collection of the British

Museum (Natural History), London.

45. Studies on the coconut beetle (Oryctes rhinoceros

^

Linn.)

in South India.

M. C. Cherian and K. P. Anantanarayanan, Coimbatore.

The palm beetle (Oryctes rhinoceros, Linn.) has long been recognized

as one of the major pests of the coconut palms in South India. As supple-

menting work already carried out in the past on the subject, the present

paper deals mainly with the observations made at Coimbatore, during

the past two years, with regard to (1) life-history, (2) habits of the larval

and adult stages, (3) nature and extent of damage, (4) seasonal incidence

and breeding activity in the field, and (6) the control methods tried.

The paper includes also some interesting observations on the activity

and breeding of the beetle in captivity.

46. Preliminary studies on the biology of the mite (Tetranychus

sp.).

A. N. Sapba, Lyallpur.

This species is a serious pest of cucurbits especially ‘ tindas * {CitruUus

vulgaris var. fishdosis)* It has been collected irom sixty different plants

at Lyallpur, but tomatoes, pulses, beans and cabbages are more seriously

infested.
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There are five stages in the life cycle of a female and only four in that
of a male, one of the n3miphal stages being absent. Parthenogenesis
is common and the parthenogenetically laid eggs produce males only.

This mite becomes active in March and by the end of April it is

present on most of its food plants. This activity is maintained till July,

when monsoon rains kill all stages except the eggs which carry on the
infection. During September and October all stages ofthe ^st are present.

By the middle of December only gravid females remain which over winter.

A male dies within 48 hours after copulation but lives for 5-8 days
if immatod. The female lives for 8~ 12 days during which period it lays

32-83 eggs at the rate of 4-15 per day. The incubation period and the
duration of immature stages during April-September, is 3-5 and 2-4 days ;

and reach the maximum of 30 and 27-33 days respectively in December to

January.

Parasites of Insects

47. Mass breeding of Microhracon greeni, Ashm.—an ecto-

parasite of the larva of Evhlemma amabilis Moore, pre-

daceous on lac.

S. N. Gupta, Namkum.
Successful biological control of an in.sect necessitates easy and efficient

breeding of the parasite, determination of coneot concentration of host
and parasite, period of their contact, stages of liberations and efficient

methods of transport and liberation.

The paper describes the evohition of a most convenient and effective

oviposition case consisting of a round 12^x4^" culture jar and breeding
devices leading to breeding in lac domes. The most suitable contact
period of parasite and host was 3-4 days in summer, 3-5 days in autumn
and 4-6 days in winter. The best concentration of parasite and host,
in the cage of above size, was 10 male and 20 female parasites to 40 host
larvfe. Brooding eggs or larvae of about the same age reduces cannibalism,
etc. and increases the effective rate of breeding. Use of lac domes and
spinning disc in breeding was found superior to breeding in glass blocks.

The most convenient stage to transpoit the braconid parasite, either
for liberation in fields or to out stations for breeding is the cocoon stage.
This is best done either by allowing the parasite to pupate in specially
evolved spinning discs described in the paper, or in lac domes. These are
to bo kept in pockets of 20 mesh iron wove wire net.

The method has proved effective in breeding Microhracon hehetor,

Aphrastobracon flavipennifif Elaftmus claripennis and Cedria paradoxa.
The points essential to success of mass breeding are ; adequate supply
of air, space, reflected light of moderate intensity emd fresh food in oviposi-
tion cages. Excessive draught, humidity and hiding places in the oviposi-
tiou cage should be avoided. Cleanliness of the cage and vessels used,
prompt removal of dead parasites and protection against ants are
necessary.

48. A preliminary note on the bionomics and mass- breeding of
Trichogramma sp.

A. G. Hussain, Lahore.

Two species of Trichogramma parasitize Argyria sticOcraspia and
Chilo zoneUus. These parasites have been bred on eggs of different
insects. The duration of life-cycle varies with the hosts, from five to
seven <^ys. Further the duration of the life-cycle and longevity of the
adult life varies with temperature. The optimum range of temperature
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and humidity is 25°C. to 30°C. and 70 per cent, to 100 per cent,
respectively.

No polyembryony has been noticed, but more than one egg may be
laid in the same host egg.

The size of the individual varies with the number of parasites develop-
ing in the same host egg. The developing larvae of the parasites get
food by producing a current of food particles within the host egg.

For mass breeding, it is necesscuy to get a suitable host which can
breed throughout the year and can lay a large number of eggs. Sitotroga
oereallela hsis been successfully bred and a special apparatus has been
designed to collect moths and their eggs in large numbers.

49. A trachogrammid chalcid parasite of the egg of Eublemma
amahilis, Moore, predaceous on lac.

J. N. SmoH, P. S. Nbgt, M. P. Misra, and S. N. Gupta, Namkum.
It is the first time that an egg parasite of one of the enemies of the lac

insect has been discovered. The parasite is of great economic importance,
as it will control the lac predator E. amabilis—^which is responsible for

33 per cent, damage to lac crop—before it has done any damage. Its

value in biological control is further enhanced by the fact that it also

reproduces asexually.
Tentatively it has been placed under the genus Fentarthron family

Trachogramminidae.
The male and female chalcid, the female pupa have been described.

Mating and oviposition have been studied. The egg and the larval

period in July-August is 6 days and pupal period 4-5 days. The maximum
longevity of female was 6 days euid average 2*4 days. On experimental
basis 8 females parasitized 4*9 per cent, of 349 eggs offered to them

; 88
per cent, of the eggs laid developed into adult. In the field under natural
conditions out of 2,898 E, amabilis eggs, on 1,327 inches of Ber (Z. Jvjhvu)
lac stick, 3*8 per cent, were definitely found parasitized by this chalcid.

With the development of proper breeding teclmique and host and
parasite concentration the chalcid is evidently destined to revolutionize

lac cultivation.

50. Apanteles tacJiardiae, Cam, and endoparasite of the larva

of Holcocera pulverm, Meyr., predaceous on lac.

M. P. Misra, S. N. Gupta, and J. N. Singh, Namkum.
The paper describes the mating and oviposition habits ofA. tachardiae.

In the laboratory the female allows the male to mate if starved from 5-8
hours. The longevity and the life liistory stages of the parasite are

described in brief. The minimum and maximum life history period of
males and females was 11 and 42 and 12 and 44 days respectively. The
life-history and the number of generations during the year are discussed.

There appecu* to be fifteen ^nerations when pre-oviposition period is added
to the average monthly life-cylce periodp, but if the pre-oviposition is

excluded the generations increase by two more. The relative prevalence
of the parasite in various crops has been found to be in about the same
proportion as that of the host. Parasitization of the host is more in

KaM and Aghani than in Baisakhi and Jeihwi crops.

51. Pareuderus torymoides Ferr, an egg parasite of the Amaran-
thus borer Lixus truncatulus.

Tasbmr Ahmad, New Delhi.

The life-history and habits of Lixus trimcatvlua a pest of cultivated

and wild Amaianthus were reported by the writer last year (Proc. 24th
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Jnd, Sci. Congress, 1937). The eggs of this weevil which are laid inside

the tissue of the host plant were found parasitized by a chaloid parasite,

Parevderua torymoides Ferr. This parasite is recorded from India for

the first time.
The parasite lays a single egg on the host egg. On hatching the

young parasite grub punctures the host egg and feeds on it. Its larval

life is completed on a single egg and when full grown it pupates in the same
cavity.

At 27®C. the egg stage lasts about one day, the larval stage 5-6 days,
and the pupal stage about 5 days. Thus one generation of the parasite

is completed in about 12 days as against roughly 2 months required by the
host. It develops comparatively much more quickly and thus exercises

considerable check on the multiplication of the weevil. The anatomy of
different stages in the life-history of the parasite is described and
illustrated.

52. A chalcid parasite of the linseed midge, Dasyneura Uni,

Taskhir Ahmad, New Delhi.

Dasyneura Imi Barnes has recently been reported as a new pest of
linseed by Pruthi and Bhatia {Proc. 24th Ind. Sci, Congress, 1937).

This pest is found on Cajanus indicus also, and is widely distributed in

North India.

During the spring of 1937 while this post was being studied at Kamal,
Punjab, it was discovered that its larv© were attacked by an important
chalcid parasite which is yet awaiting identification. The bionomics
of the parasite is described in the present paper.

The parasite lays its eggs singly inside the crumpled buds of linseed

liarbouring almost full grown host larvae. The eggs hatch in 2-3 days
at 13”C., and in 3-4 days in the field during February. The eggs ore

not laid on the body of the host, therefore, the young grub on hatching
wanders about in the bud in search of the host. It is fairly hard and can
stand starvation for about 24 hours. In order to complete its larval

stage the grub requires 2-3 host larvas and this number is usually always
found in affected buds. At 18°C. the grub pupates after 12-16 days within
the bud and the adult emerges after another 11-13 days. Thus under
these conditions one brood is completed in a little less than a month.
During February it was estimated that roughly 50% of the full grown
host larvae were being killed by the parasite grubs.

53. Notes on a braconid parasite of the wax moth (Galleria

mellonella),

M. C. Cherian and S. Eamachandran, Coimbatore.

A braconid parasite was noted for the first time in South India on
the wax moth—Galleria melloneUa, a serious enemy of the honey bees.
An attempt was made to study the life-history and habits of the parasite
to see whether the lesults obtained would throw some light on the possibi-
lities of biological control of the pest. Information on the parasites
is given under the following heads .----description of the adult, life-histoiy,

parthenogenesis, longevity, seasonal incidence, other hosts and status
of the pest.

54. Rhaconotus scirpophaga, a parasite of the sugarcane white
moth borer (Scirpophaga).

M. C. Cherian and M. Israel, Coimbatore.

As a result of the intensive study of the natural enemies of Scirpophaga
in Coimbatore seven larval parasites have been collected. A paper on
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Stenohracon niceviUei was submitted to the Indian Science Congress,

1936 ; another one on Elasmus zenhtneri has been sent to the Madras
Agricultural Journal for publications ; Bhaconotua scvrpophaga, yet another
parasite, is the subject matter of the present paper. Interesting informa-
tion on the habits and life-history of the parasite, egg-laying capacity,
longevity, etc. is given and the status of the parasite discussed.

55.

The bacterial flora in the gut of the larv» of the cocoa

moth, Ephestia elutella Hb.

S. E. Jacobs and U. P. Raichoudhury, Calcutta.

Ephestia elutella larvee have been shown to harbour a streptococcua
in their intestines. The organism occurred in largo nmnbers only when
food had been recently ingested. It rapidly died out when food was
withheld, and was absent from hibernating laivse. The organism was
described and shown to produce acids from carbohydrates. It was very
sensitive to those acids, and died out fairly rapidly in such cultures.

The organism cannot hydrolyse starch, and must depend for its nourish-
ment on a diastase secreted by the larv®, whereby sugars useable by
the streptococcus are produced. The presence of the organism in the food
led to its appearance in tlio intestines. The organism was not essential

to the proper development of the larvae. The possibility of the organism
liaving some advorso effect on the larvae is briefly discussed.

Insect Vectors

56.

The cotton white-fly as a vector of the loaf curl disease

of tobacco.

H. Singh Prtjthi, New Delhi.

Tobacco suffers from leaf curl or crinkle in several parts of the world,

o.g. East Africa, Rhodesia, India, Java, etc. In India the disease is

most common in the Gangotic delta region, especially Bihar, where
sometimes 60-70% of the plants are affected. As the value of tobacco
crop is almost wholly dependent on the nature and texture of its leaves,

the economic loss due to this disease can be easily imagined.
The disease belongs to the virus group. Most virus diseases are

known to bo transmitted by insects. Observations on the disease have
been taken and a large series of transmission experiments performed
at Pusa during the last three years. They are very briefly reviewed
in the present paper. The work indicates that Bernisia goasypiperda^

M and L—^the common white-fly of cotton is the most important trans-

mitter of disease, from diseased to healthy tobacco. Some alternate

hosts of the disease have been discovered and in their case also the white-fly

has been found to be capable of carrying the disease from diseased plants

to healthy plants of the same species as well as to tobacco.

The technique followed in transmission experiments is described

in detail.

Statistical

57.

The relative efficiency of some methods for comparing
jassid population in cotton fields,

K. B. Lal, New Delhi.

Empoaaca devaatana Distant, which mainly infests the American
cottons in the Punjab, shows considerable varietal preference. To measure
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the incidence of this pest in different plots it is necessary to determine
the density ofpopulation. Four methods have been tried.

1 . Collecting adults by sweeping with a net and counting them.
2. Killing nymphs and adults on a plant by fumigating and

determining the population.

3. Removing leaves from a plant and calculating the number
of nymphs per imit area of loaf surface.

4. Counting adults and nymphs in the field by examining
individual plants.

The data obtained have been examined by the method of analyses

of variance. The first method is sufficient for comparing the numbers
of adults jassids in adjacent plots but fails if the plots are at some distance

apart. The second method is satisfactory for adults but not for nymphs.
A pretty accurate nymphal population is given by the third method
and the fourth is more satisfactory (for n5nnphs only) if a certain degree

of intelligence is assumed on the part of the observers.
^

In view of the fact that jassid attack is not uniform in cotton fields,

the accuracy of population estimations of this insect would depend on
a large number of small samples drawn from all parts of the field.
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1. A pJea for a new outlook in Anthropology.

S. C. Roy, Ranchi.

In this paper the author pleads for greater attention than has been
hitherto paid by Indian anthropologists to the psychologiced and spiritual

(in the widest connotation of the term) side of human society and its

growth, than to the physical side of man and the technical side of human
culture. Not that the study of these latter aspects is to be neglected,
but the students’ interest in them, should, the author thinks, be subordinate
and ancillary to his interest in the former.

As the ('iiltural and spiritual aide of man constitutes the real essence
of humanity and distinguishes Man from the rest of the animal creation,
it is fitting and proper that in India at any rate, the science of Man should
be classed apart from Zoology and not as part of it, as the National Institute
of Sciences of India has thought fit to class it. The author has pleaded
for this line of approach on some previous occasions, but he thinks it will

bear repetition as it requires to be stressed.

2. In how far national or racial cultures are distinct from one
another.

J. F. Bitlsaba, Bombay.

People speak and write vaguely about ‘ Western Civilization ’ and
contrast it with the ‘ Oriental and some speak equally ambiguously of
‘ Western Materialism * and * Eastern Spiritualism Some also speak of
the distinctive cultures and cultural complexes of various lands or peoplos,

e.g. of the Japanese Spirit, Chinese Civilization, German Kultur and Aryan
Origins. To understand this alleged difference of cultures of two arbitrarily

demarcated areas of the globe, or of various races or peoples, we have
to enter into a deeper analysis of the factors that constitute culture and
civilization and view them in relation to the peoples or races that
have evolved them. Some of these factors are superficial and some
essential, such as clothing, manners, etc. on the one hand, and social and
political organizations, etc. on the other.

It may be found that in the superficials of culture there is an apparent
wider divergence, while in social organization, status of sexes, individuals

and classes also, there are differences, but in the more essential factors

of social justice, spiritual values and aims and objectives of life, the
difference between the so-called Oriental and Western civilizations is not
so groat. Besides, it is difficult to demarcate geographically, racially

or even nationally the areas or peoples who are Eastern in their entire

outlook and contents of culture, or are entirely Western.

One great factor that emerges from a deeper analysis is the gradual

modernization (i.e. the acceptance of ideas that make for efficiency) of
the peoples of the world, and also that the ultimate higher values of

civilization are getting to be common to all peoples of the world,

though some nations may be accepting and assimilating them quickly

{ 193 )
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while others may be doing so more gradually and haltingly. Whether
all races of mankind can in a given period of time and under favourable
conditions, assimilate the ultimate higher values of civilization equally

with the sO'Called civilized ones, is a problem worthy of closer scientific

investigation.

3. The crisis in modern Anthropology.

Baron von Eiokstbdt, Breslau.

This lecture wants to show the development of the different trends

in Anthropology in various ages and countries and their connection with
the main mental situations and movements. Anthropology is taken
here only in the meaning of biological research in anthropos himself,

the only real science of man, races and humanity. A critical observation

of the historical development of its notions and methods reveals at once

certain logical contradictions and a number of vague applicationk. They
are the real reasons for the present critical situation in Anthropology
which has the possibility of enormous progress and therefore an enormous
spreading oi misunderstandings also. The way out of these difficulties

is shown by modem holistic anthropology with its logical frame and
scientific biological basis.

4. The significance of cowrie shells in Khasi ceremonies.

David Roy, Shillong.

At the crossing of three roads a cowrie shell is thrown on the ground
and the name of the person who died far away in foreign lands is called,

and the shell is brought home on a piece of white cloth. This shell is

placed with the bones and ashes of those who died at homo ; these remains
of the dead are interred in the family tomb stone—tlie dolmen which
is the ‘ Mawbah ’ of the family. The significance of this ceremony with
the cowrie shell in Khasi life is simple and clear, and no on(^ can dispute

the sanctity of its purpose. The dead, the irrecoverable remains of
the dead, are brought and made immortal in the cowrie shell and the
full person of the dead is there in its entirety.

The use of shells by the Khasis in invoking the spirit of the departed
and bringing back that spirit to life seems to signify that the shell is

endowed with the power of the giver of life which it simulates.

Khasis have an intimate Imowledge of the anatomy of the human
body and the functions of the various organ.s. They know that, life in

its embryonic stage was formed in the uterus, and it is associated
with the opening of the portal of life, by which we all enter the world.
Perry says that the cowrie shell, as the symbol of fertility and birth,

has always been closely associated with women. It was the symbol of
maternity. Khasis say, from woman springs the kind ‘ Da ka ’ kynthei
long jaid and speak of man as the giver of the seed, ‘ U Kpa uba ai ia ka
rynieng [lit. the father who gives the stature (person) ].

In the plants and the seed that they put down to grow they notice
that plant life cannot thrive without water and so, as Khebsis got from
the food collection to the food productions stage, they must have realized
the part played by water in the production of life. Thus the cowrie is

thrown on the ground and rice is scattered on it and water is sprinkled
and the name of the deceased is called. The person of the dead in the
halo of its sacredness is represented in the bones and ashes of the dead,
and these remains are brought with ceremonial performances to the family
dolmen, Mawshieng. In case these remains could not be obtained,
the cowrie shell, the rice €ttid the water are used to call back the person,
Rngiw ; and this Rngiw in the shell represents the thing in which his person
can permeate. Thus Khasis call back the Rngiw, and that spirit from the
regions unseen by the naked eye to a static life of continued eiristence
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in a world of fuller realization of the home of true kinship. Man in Ws
Rngiw is immortal ; this Rngiw is bom of Qod and it is supported in life

by feeding the physical in man, and is revived again by the water of life.

The dectd, the irrecoverable remains of the dead one, are brought and
made immortal in the cowrie shell ; cmd the full person of the dead, the
Bngiw and its spirit are there in their entireties.

5. Considerations concerning the Ethnology and Early
History of the countries bordering on Tibet.

F. W. Thomas, Oxford.

6. The coining technique of the Yaudheyas.

B. Sahni, Lucknow.

While several coins of the Yaudheya republics have been known
to numismatists for some considerable time, our knowledge of the technique
employed in their making is extremely meagre ; and so far as I am aware,
no records exist of the mints from where they were issued.

In 1936 (Current Science, 4 : 796-801) the author briefly announced
the discovery, among other relics, of the site of an ancient mint of the
Yaudheyas (ca. 100 B.C.) in the Khokra Kot mound at Bohtak, about
40 miles west of Delhi. Two visits were paid to the site in 1936, and
several thousands of coin moulds were recovered from a level about 3 feet

below the surface. In March, 1937, 1 showed the site to Mr. K. N. Dikshit,
Director General of Archseology, and a few more fragments of moulds
were collected.

The main object of the present communication is to describe in some
detail the coining technique which was briefly indicated in the preliminary
note. Incidentally the archaeological importance of the Khokra Kot
mound is stressed. As suggested in 1936, a systematic excavation of the
earlier strata holds out a promise that here we may be able to neurow
down, if not completely bridge, the great gap in our knowledge between
the ‘ prehistoric ’ period of the Indus civilization, emd the historic period,
which at present is known to extend back only to a few hundred years B.C.
It is gratifying to know that the Director General has agreed to have the
mound excavated. Possibly it will prove to be one of the few sites in

India which have been in occupation, off and on, since the Harappa times ;

the modem city ofBohtak stands on the southern portion of the mound.

7. The Nal pottery.

N. G. Majumdar, Calcutta.

In 1903, a number of polychrome vases bearing geometric patterns
were discovered by Mir^a Sher Muhammad in the Sohr Damb mound
at Nal in the Kalat State of Baluchistan and subsequently sent to the
McMahon Museum at Quetta. An account of it was published by Sir John
Marshall in the Annual Report of the Archaeological Survey of India
for 1904-06. In 1926, Mr. Hargreaves of the Archajological Survey was
deputed to Nal for a systematic exploration of the site. This resulted in

the discovery of prehistoric burials, and from them were recovered further

examples of the same polychrome pottery. Since then, it has received

further attention from scholars in connection with the discoveries at

Mohenjodaro and other sites of the Indus Valley.

During the author’s explorations in Western Sind in 1929-30 and
1930-31, polychrome vases with geometric patterns, which recall to some
extent the Nal examples, were excavated at a number of sites. This
has now necessitated a fresh study of the Nal pottery. A major part
of the Quetta collection of this pottery has now been transferred to the
Inchan Musetnn, Calcutta, after the destruction of the McMahon Museum
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in the recent earthquake. In the present article, an attempt hcui been
made to indicate tentatively the position in order of sequence of this

pottery, and cdso of the kindred wares from Sind and Baluchistan. It

has also been suggested that to obtain a more definite idea of their sequence,
further excavations and researches in this terrain are necessary.

8, Further discoveries of Palaeolithic cultures in the North-
West Punjab.

D. Sen, Calcutta.

In this pa^r the author first outlines the prehistoric geology of the
north-west Pimjab, and then gives a t3rpologioal estimate of the p^asolithic

cultures found in course of his tour. He has particularly dealt with
the lower palssolithic cultures, which are essentially composed of a coup-de-
poing industry represented by a variety of forms from primitive to more
evolved tjqjes. The author thinks that a core-tool-people may have
been the early settlers in the plains of the Punjab, having emerged during
the closing stages of the SiwaUk history, and initiated the pebble or core

culture with coup-de-poing as their type tool par excellence. The fiake

cultures are also topologically determined. They had a more or less

parallel evolution within the core-tool-civilization of the lower palsBolithio

period, but developed and established as a distinct culture in the middle
palsBolithic period.

9. Height and Cephalic index of the Bengali students.

A. N. Chatterjbe, Calcutta.

Introduction—Concltisions based on examination of 9,240 University
students above 18 years of age in the following proportions : Brahmins

—

3,017, Vaidyas—716, Kayasthas—2,499, other ffindu castes—2,097,
Mohammedans—919—Av., S.D., and percentage distribution of height
and cephalic index in the different classes tabidated district by district

(26 tables).

Class differences:—The differences among the different classes in
the same district are extremely small—Brahmins show a tendency to tall-

ness,—the Mohammedans a tendency to shortness—distribution of
cephalic index variable—peculiarities of distribution pointed out.

Effect of urbanization—extent of Brachycephaly among the Brahmins
and the Kayasthas.

Variations in distiicts studied from 10 district maps of Bengal showing
distributions of criteria—trends and tendencies—correlation of height
and cephalic index.

The following areas distinguished ;

—

() of Brachycephaly with tallness in South-Central Bengal,
() of decreasing Brachycephaly with tallness in West-Central

Bengal.
(c) of increasing Dolichocephaly with shortness in—(i) South-

West Bengal, (ii) North Bengid, (iii) South-East Bengal.

Conclusions.

10.

Anthropological research in Southern India.

Lidio CrPBiANi, Florence.

In 1934-35, the author carried out anthropological and ethnological
investigations in Southern India and Ceylon, particSarly in Coorg, Cochin
and Travanoore. He took anthropometric measurements on 2,323 indivi-
duals belonging to 36 castes or groups and collected many samples of hair,
numerous ethnographic objects, etc. He has analyzed the somatic features
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of the Ck>orgs, Yeruvas and Kurumbas, male and female and has compared
them with the Kadirs, Kanikkars and UraUs.

11. The Radhiya and the Varendra Brahmans of Bengal.

T. C. Ray Choudhuby, Calcutta.

The author discusses the relationship of the two—based on the
somatometrio measurements and physical observations and thinks
that botli may be considered as meml^rs of the same racial group. Both
of them are again compared with the Kanaujiya Brahmans and are found
to be distinguished from them in important physical characters.

12. The functions of Physical Anthropology.

R. A. Fishbb, London.

(In collaboration with the Statistical Conference.)

13. Indian oil presses.

K. P. Chattopabhaya, Calcutta.

In an earlier paper, the writer pointed out that primitive oil press
is found in Nopal, in association with an early culture in that area. The
early culture was characterized by certain special features, which revealed
that it reached Nepal from India, prior to the incoming of Vedic Indo-
Aryane.

The oil press consists of two planks, generally a log sawn in two,
lixed to an upright post at one end. The oil seed is introduced between
the logs and then pressure is applied by means of a lever. The oil press
is found in Nepal and Assam among non-primitive social groups ; and in

Chota Nagpur, Central Provinces and Madras among primitive tribes.

A cruder form of the press is found in Assam and also in the Nicobar Islcuids.

The different types of oil-mOlB in India are then described. The
South Indian mill has a stone mortar. In Bengal and Qujrat, the oil-

mill has a wooden mortar. But it is often without a hole. Blsewhere,
in North India, the mortar has a hole to drain the oil. The tenns applied
to the mill and certain subcastes in different areas also show some
pecuharities. With the exception of the Till in Bengal, the oilmen are
generally regarded as impure, except in Nepal and Assam.

The possible origin of oil making by boiling, among a hunting and
fishing people is discussed. The possible development of the oil press

—

by way of the tree-press of Assam and Nicobar—is then indicat-ed. The
invention of the oil-mill, following the line of development of a rotary

quern from handmills, is next coiisidered.

The writer concludes that the earlier form of the oil -mill in India

is the South Indian type with its stone mortar. It has spread from this

area to North India.

14. Polyandry in Kota society.

David G. Mandelbatjm, Ootacamund.

While a wometn may have but one legal spouse, the brothers of the
husband have sexual access to her and act as secondary husbands. This

fraternal polyandry is founded on a functional principle which pervades

other aspects of the culture, the principle of the equivalence of brothers.

A set of brothers share equally in economic and personal life as well as

in the marital sphere. Classificatory brothers and real brothers have
uniform rights where non-material phenomena are concerned, but in regard

to tangibles, uterine brothers take precedence. When the fraternal

principle comes into conflict with another of the major themes of the
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culture, it is sometimes cancelled, sometimes dominant, depending on ite

effective rating in the particular situation. Intra&atemal jealousy is

sternly quelled, but the numerous and violent quarrels between brothers

about property may be the reverberations of repressed sexual hostility.

Despite the inroads offoreign traits, the fraternal principle is still economi-

cally valid. Hence polyandry still flourishes.

15. Clan-monopoly of personal names among the Purum Kukis.

T. C. Das, Calcutta.

Among the Purums—an Old Kuki tribe of Manipur in Assam

—

each clan exercises monopoly right over a number of personal names.
The members of the clan are required to select names from amongst this

group. Infringement of this rule is punished with a pig and a pot of Zu
(rice-beer). In the earlier days each clan had a number of fixed names
handed down from generation to generation, but at present the number
has increased and now names have been added. The clans too have
extended monopolistic right over these now names.

16. Kinship and marriage among the Coorgs.

M. B. Embneau, Ootacamimd.

The Coorgs are organized in exogamous patrilineal sibe. A woman
on marriage takes her husband’s sib-name, and by a contract which forms
part of the wedding ceremony gains right in his sib and loses effective

membership in her father’s sib. She may regain membership in her father’s

sib if divorced, and this may happen only if the consent of her father’s

sib is obtained. A ceremony oorresponchng to that at marriage must
take place in which she renounces membership in her husband’s sib.

A similar ceremony takes place if, when widowed, she marries a man who
does not belong to her first husband’s sib. Details of the marriage cere-

monies are described. One detail shows clearly that cross-cousin marriage,
which is common at present, is regarded as preferable. Cross-cousin

marriage is of the symmetrical variety. The kinship terms used by the
Coorgs are given and discussed.

17. On the Anthropology of the Todas.

Lidio Cipriani, Florence.

119 Todas, 61 males and 68 females, were measxired by the author
at Ootacamund (Nilgiris) in 1935. In his analysis he has considered
several combinations of characters together. The two sexes show
differences in characters both qualitative and quantitative, and the author
concludes that in the small series, there is a certain Australoid affinity

as indicated by tail stature with arms rather short or medium and a short
bust ; and the women show some negroid features as shown by rather
high stature, long arms and short bust. The women also show a larger
percentage of dark eyes. The Todas are not therefore a pure type, segre-
gated and unchanged but they have been immune from any recent
admixture such as that from the Dinaric type of Coorg.

18. Racial analysis.

H. J. Fleube, Manchester.

In analyzing physical characteristics of men we have to remember
that almost every population includes contributions from several in -drifts
that do not completely blend.
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Homo sapiens, with contributions to his characteristics from diverse

hominids in various areas, developed his main characteristics in the area
of distribution of Ohelleo-Acheulian, Aurignacian and Capsian cultures

\mder temperate conditions, probably in N. Africa and S.W. Asia, including
early extensions to India. Principal drifts probably include :

—

() a drift S. and S.E. from the zone above-named, characterized
by a short head of breadth 140-146 mm., and cephalic

index therefore 80 1: , nose broad and short., mouth prominent,
hair kinky, eyes prominent, stature short, frequent steatopygy
in women

;

() a drift chiefly S. and S.E. but also N.W. and eventually N.E,
with very long head of breadth 140 f mm., and thus very
low cephalic index (usually 73*6 or less), stropg brow ridges

and cheek bones in most cases, hair fundamentally wavy,
but, when these characters spread into regions with kinl^
hair, they may take on this character probably by inter-

mixture. Stature moderate. Skeletal characters to some
extent like those of Aurignacian men ;

(c) a large drift in all directions with moderately long head of
slightly greater breadth than the above, and cephalic index
thoiefore usually 73*5 78*5. Hair as for (6). Stature
moderate to short. Major drifts soiith of the groat mountain
zone of northern hemisphere, but later spreads northwards
as ice sheets diminished, that to the N.W. (in Europe)
becoming depigmented

;

{d) a drift especially N., but to some extent also S.E. with cephalic
index 80 -f because the head is relatively short and has a
breadth 150-f . Rounded head contours, broad short face

in most cases, rather short nose of moderate breadth,
stature rather short. Specializations within {d) gives (d, 1

)

the men with high short heads and prominent noses, and
cephalic index most often over 85, and (d, 2) the men with
flat-topped broad heads and cephalic index 86 i and often
sunken noses. Arguments can bo given for origins of these
characters on N. side of the supposed original H. sapiens-

zone above-mentioned

;

(e) What is possibly a special modifleation of (6) above—a drift

out from the steppe in the ‘ Bronze Age ’ as dry warmth
developed. Very long narrow heads with cephalic indices

usually below 73*6, but long narrow faces and prominent
narrow noses giving a strong profile perhaps linked but
with general growth in length.

It seems highly probable that Mendelian inheritance occurs widely, and
this provides an explanation of the undoubted fact of the persistence

of these types side by side in a population. It is useful to attempt to

fimalyze samples in the light of the above list of drifts, but dangerous
to plead for them as univereal steuidards of reference because they are

only inferences and need checking and adjustment. The only safe way
is to study the bimdling of physical characters in individuals and to see

what are the more general bundlings in particular populations. Examples
will be given and discussed.

19. Inter-caste differences in blood group distribution in

Bengal.

E. W. E. Maofarlanb, Calcutta.

Blood group data were taken at Budge Budge, District 24 Pcu'ganas,

from over 500 Bengalis. The caste and birthplace of each person was
recorded. It was found that the percentages of A and B increase from
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the high to the lowest castes. The Caste-Hindus have over 40% of O.
The Impressed Classes show 42*7% of B, which is the highest vtdue for

B yet discovered. All groups show the characteristic Indicm condition:

of more B than A. The blood group proportions of the Bengali
Mohammedans resemble those of all the local low caste Hindus tdken
together. This demonstrates that they are descended from local Bengali
Hindu converts. There is less difference in blood group distribution

between the highest and the lowest castes in Bengal than between high
castes and imtouchables in Cochin. The reduced Coefficients of Racial
Likeness agree with the evidence of blood group data for the Bengali
Brahmins, Kayasthas and Pods, also for Nairs and Uluvas of Cochin.
The fact that the Pods and Illuvas show an association by the C.R.L.
and no resemblance in blood group distributions may be significant in

relation to racial migrations and the time of origin of the B mutation in

India.
«

20. Studies on the heredity of palmar pattern.

P. C. Biswas, Calcutta.

This study is based upon the investigation of ten families, consisting

of two and three consecutive generations. The main line formulae,

patterns on the hypothenar, thenar €uid interdigital areas and the occiurence
of axial triradii show indications that they transmit hereditarily. Not
only that but within families there occur patterns on the hypothenar
and thenar eminences which resemble each other not only in their principal

characters but even in some of their details.

21. Tri-clan and marriage-classes in Assam.

J. K. Bose, Calcutta.

The importance of tri-clan and marriage-classes has been stressed

by anthropologists. But up till now very little field-work has been done
on this line in India. In this paper em attempt is made to discuss the
different varieties of marriage-cle^ses found in Assam. The materials for

the paper in most cases were collected by the author in the course of his
field-work amongst the little-known primitive tribes on the Burma border
of the Manipur State during the years 1931-1936. The tribes in which this

system was recorded are Chirus, Chothes, Purums, Taraos, Kabuis, etc.

There is a detailed discussion with diagrams on the working of this system
amongst these tribes in the paper.

22. The Palaungs of the Shan hinterland.

M. K. Sahni and (Mbs.) Shyama Sahni, Calcutta,

The authors describe the social customs, migration, methods of culti*

vation and the geographiceJ distribution of the Palaung clans and sub-clans
inhabiting the Shan plateau. The Drctang sub-clan, members of which
build communal houses after the style of the Dyaks of Borneo, are of
particular interest. The probable origin of some of the customs is

discussed. The paper is illustrated by numerous photographs taken
by the authors.

23. Dancing as a method of inducing ecstasy and frenzy.

N. N. Sbngupta, Lucknow.
Dancing appears as a phase of religious rites. It is also a frequent

accompaniment of religious festivals as an sesthetic phenomenon. The
present paper is not concerned with either of these topics. Dancing
is sometimes employed as a method of inducing a condition of religious
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ecstasy. We find it in different parts of the world and in different

epochs of history. It is found in what was Geixnan Africa, and in Sumatra
as a mediumistic phenomenon. It appectfs in the context of Shamaniam,
It was an important ingredient of the cult of Dionysos in ancient Greece.
It manifested itself as a craze in Aix-la-chappelle towards the end of the
14th century. We find it recommended as an effloacious religious

procedure in the context of the Chaitanya school of Vaishnavism.
The paper presents an analysis of this phenomenon and proposes

a psycho-physical hypothesis for its interpretation.

24. Comparative anthropometry of the Pundits and Muham-
madans of Kashmir.

H. C. Ohakladab, Calcutta.

The writer measured in last May and Jtine, 206 Pundits who are the
Brahmins of Kashmir, and also 52 Muhammadans of the same State in
which 22 measurements on the head and 30 measurements of the body
proportions, and 40 observations were recorded. The Kashmiris were
found to be of medium stature and highly dolichocephalic. Their hair is

fine in texture. The nose has generally a convex or straight bridge and
is often aquiline. Neither the malar bones nor the angles of the lower
jaw are prominent. The eye-slit is always straight and of moderate
breadth. The colour of the iris was observed to be deep brown and brown,
only a negligible fraction having eyes with grey shades. The hair is

black in 70 per cent, of cases, and the others showed light shades of red.

The skin colour is generally tawny white. The vast majority of the
Pundits are thin and slender. The Muhammadans show hardly any
appreciable difference from the Pimdits in any of the features.

The people of Kashmir appear to be of the Mediterrajiean race,

showing less admixture with the brachycephals than even the people of
Southern Italy.

25. Interparietal bone in man.

R. Kbishna Rao and A. Ananthanabayana Aybe,
Vizagapatam.

A big Interparietal bone, which is usually considered by anatomists
as an exceptionally rare and uncommon find, was observed in one of the
crania in the Department of Anatomy. This provided an occasion
for making a detailed study of this bone with special reference to its

incidence in crania of this part of the country. The study of 194 crania
available here in the Department of Anatomy reveals that the percentage
of occurrence of this anomaly is 15*46 and that the bone may be single,

bipartite, tripartite or quadnpartite, the parts however never exceeding
the maximum number of four. A brief cuscount of comparative cmatomy
and ossification has been included in the paper.

26.

An enquiry into correlations between stature and arm-
length, etc. between different social and occupational

groups of the people of Bengal.

Bhupendranath Datta, Calcutta.

For this purpose, 190 subjects from 33 groups are chosen and thus
divided : Caste-Hindus, depressed castes, Moslems, aboriginals. Again,
these into manual and non-manual classes.

By calculation, it is found that correlation exists between stature

€uid arm-length, the same is with hand-length save the manual-labouring
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class. Regarding hand<breadth, positive correlation exists only in ^ All*

Castes * group, but negative in stature and hand index. Again, correlation

is positive between arm-length and hand-length. As regards arm-length

€uid hand-breadth, correlations exist in ' AU-Castes ' manual * and * non-

manual ’ classes. There is no correlation in any group regarding arm-length

and hand index.
Then the somatic proportions and ratio expressed in percentage

are enquired into.

In conclusion it is found that, the Caste-Hindus are not dissimilar

with the depressed castes except possessing longer hand-breadth and middle

finger-length. But they are taller than the Mohammedans and possess

longer hand-length and middle finger-length.

Again, there is no difference between the depressed castes and the

Mohammedans, and the non-manual class is taller than the manual
class.

27. The racial affinities of the Santals.

S. S. Sarkab, Calcutta.

The author has taken anthropometric measiu^ments of 144 Santals

from the interior regions of the Kajmahal Hills and has compared the
metric data with those of the M&l^rs of the Rajmahal Hills and the Mundas
of Chota Nagpur. After a detailed comparison of the above data the

author has come to the conclusion that there appears to be a fundamental
difference in the headform and other somatic characters between the

Mundari and Dravidian speaking peoples of Chota Nagpur. The Santals

appear to possess a strong Australoid strain, in addition to a mongoloid
element, as judged by the presence of epicanthic folds in their eyes and
other characteristics.

28. The racial affinity between the Brahuis and the Bravidians.

C. R. Roy, Karachi.

The racial history of the Brahuis is a puzzle to the Anthropologist*
Suggestion of racial comiection with the Dravidians as they speak
Dravidian language. Objections on the ground of supposed differences

of physical features. Confusion of the Dravidians and Pre-Dravidians.
Physical features of the Dravidians. They are akin to the Mediterraneans.

Haddon puts the Brahuis under the Tndo-Iraneus group. Analysis
of the anthropometric measurements of 100 Brahuis taken by the author
shows a large percentage of the Mediterranean element. The original

Brahuis belonged to the Mediterranean stock. They have been momfied
by the admixture of the Homo Alpinutf and the Indo-Afgan. But they
kept the original Mediterranean type among the liigher classes. Social
and marriage customs support the above analysis.

Common physical features point to the common origin of the Mediter-
ranean, Brahuis and Dravidians. Dravidians entered India through the
N.W. Frontier. Their possible route of migration. Type II Mohenjo-
daro skulls as described by Dr. Guha confirms the theory of the Mediter-
ranean migration about 2000 B.C. Relics of common material culture.
A characteristic t5q5e of basket found among the both. Language,
physical features and material culture all point to the racial connection
between the Brahuis and the Dravidians.

29. The relationship of the Austric-speaking tribes of India
with special reference to the Hos and Saoras.

B. N. Majumdar, Lucknow.
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30. Water-divining.

S. T. Moses, Baroda.

Water-divining €uid Animals. Bhima's horse. Water-divining and
Man. * Dowsing ’ an instinctive gift. Its uses and application in India.

Krusadai islcmd wells and salinity. Devaramalai well and ‘ Blood '.

Dowsi^ and Rural reconstruction schemes. The Sceptic Linnaeus
and his conversion. Explanation of the ‘ Dowsing ’ power. Scientific

water-divining for borewells by the Industries department. Dowsing
apparatus from Moses’ Rod to Mansfield Patent Automatic Water-finder.
Water-divining with cocoanut in Kerala. Well-digging in India. Bhima
a water-diviner like Moses.

31. Studies in eyebrows among the Bengalis.

R. N. Basu, Calcutta.

Different forms of eyebrows—^position of eyebrows—directions of
the hairs—abnormal types of eyebrows—colour of the eyebrows.

32. Rudra-(^iva as an agricultural deity.

Nanimadhab Chaudhuri, Calcutta.

(^iva appears as a cultivator-god and a half-mad mendicant god of the
lower classes in medieval Bengali literature. In Brahmanical society at the
present time Qiva is specially worshipped as a giver of desirable husband
and offspring, and as a ourer of diseases. In non-Brahmanical society
(^ira is worshipped as Mahadeva and imcler other names for the protection
of cattle, recovery from illness, as a guardian deity of village and gate-
keeper, and animal and other sacrifices are offered to him for good crops.

In the Rig Veda, Rudra has no agricultural aspect. In the later Veda^,
Brahmanas and Sutras Ruidra appears as a vagabond god of outcastes
and skin-clothed forest and hill tribes, an inauspicious, malevolent god,
a protector of cattle and a god connected with vegetation. In the Epic
Age Rtidra-Qiva'a old attributes continue and new attributes are added.
The old connection with vegetation develops into connection with food and
agriculture, the means of producing food. The old vagabond god of out-
castes is transformed by the addition of such attributes as * Crazy ‘ men-
dicant ^ clothed in rags * fond of dancing, singing and laughing etc.

The dual aspects of the medieval Bengal Qwa have thus been derived
from earlier traditions.

33. Religious life of the Bunas of Bengal.

M. N. Basit, Calcutta.

In this paper the author discusses how the idea of religion came
into the mind of the Bunas. The author also discusses the various worships
of the Bunas and their origins and significances.

34. A preliminary study on the Brisakastha of Bengal.

B. K. Chaudhuri, Calcutta.

Brimkdatha is the vedio yupa transformed. Origin of the vedio yupa.
Evidences proving the existence of animal sacrifice (specially bull and
cow) to the departed ancestors in the vedic and post-vedic periods. Provi-

sional classification and description of the Brisakdstha of modem Bengal.

Possible interpretations of the figure or figures carved on it. Method of
disposal of the post and the imderlying psychological concept discussed.

Magical ideas associated with it pointed out. Distribution of the
Briaakdstha. Its use as a memorial post, and as a post of worshipping
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the departed ancestors. Traces of the conception of fertility cult as found
along with it. Conclusion.
36.

A comparative study of the Athgarh (Orissa) skull.

H. K. Bose, Calcutta.

The skull was recovered at the time of re-excavation of an old well
from a depth of 7J ft. in a soil consisting of clay and water. The skull
along with other bones of the skeleton and two iron objects {kdtdri) and
one copper bangle was found underneath a layer of stone slabs measuring
2 ft. X 1 ft. presumably the contents of a megalithic monument.

A detailed study of its anatomical peculiarities is given and comparison
made with skulls foimd in other megalithic sites.

36. Blood sugar of the normal Bengali—^its interrelationship

with some body measurements.

M. L. Chakkavarty, Calcutta.

From analogy ofsome well-known diseases such as high blood pressure
occurring in short-necked people, etc., the author attempts here to find
out if any body measuiements, etc. have any correlation with the quanti-
tative variation of sugar in the blood. The motive underlying is to
detect such body changes, if atiy, peculiar to the corresponding quantitative
variation of blood sugar in different individual and thereby to establish
a diabetic type with its peculiar body measurements.

In the present work only one hundred normal Bengali Hindu adult
males have been included and the result discussed.

37. The development of the head among the Bengalis.

T. C. Ray Choxtdhtjry and R. N. Bastt, Calcutta.

The authors study the length, the breadth, the horizontal ciroiunfer

ence of the head and the cephalic index in a developmental series of subjects

from the age 17 to age 24 and show that so far as the head characters

are concerned, the Bengali students attain their maximum development
at the age of 19.

38. Language as an aid and obstacle to accurate thinking.

J. F. Bulsara, Bombay.

Since man is ossentiedly a social animal, language arises as an inevitable

social necessity at an early stage of human evolution. It is used an
instrument of communication of thought, feeling and ideas, and- as such
is helpful in developing thinking, expressing feelings and exchanging
ideas among members or groups who are acquainted with the meanings
of the sociaUy adopted linguistic symbols.

The earher content of lai^uage is concrete and the syntax simpler
as is exemplified in the linguistic evolution of the child-mind, but the

necessity of expressing emd explaining more complicated ideas, and the
need of symbolizing abstract notions, of specifying group)S, etc. by siugle

linguistic symbols is also felt at a fcurly early stage of social development.
Thus language grows and m turn helps to clarify emotions, thoughts

and ideas, and communicate them to fellowmen who understand the
symbols adopted by the group.

Mind begins to expand, and in individual thinking and mutual talk
or conversation linguistic symbols take on various shades of meaning
or contents under different contexts of situations.

Thus language is partly afifected and infiuenced by the behaviour,
experience and cifiture of the particular society in which it has habitation
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and is a social product, imbibing in its structure the thought and behaviour
patterns of the group in which it develops. The defects of logic and
reasoning, the imperfect notions about the various aspects of nature
and inaccuracies about nature of objects and phenomena gradually
evolves to greater and greater precision as the experience and Imowledge
of the community increases.

The above can be exemplified not only from the language of children
and from the language store of simpler peoples, but also from the linguistic

habits of the less literate or developed section of an otherwise enlightened
community.

A great part of our linguistic behaviour is a matter of habit, and
even in an otherwise scientifically-minded community or group, language
symbols are used loosely, vaguely or ambiguously. Metaphysics, logic,

philosophy, and lastly science have largely been modifying the social

usage of language from time to time.

These aspects of looseness, indefiniteness, emotional affect and
inaccurate implication in the use of language symbols can be easily illus-

trated in such words as deity, God, spirit, sovereignty, religion, com-
munism, imperialism, etc.

A large part of loose thinking and even inaccurate and unscientific

representation in society is due to our linguistic habits and loose language
symbols. This defect can only be removed by a greater study of our
linguistic behaviour and a deeper analysis of the structiue of language
and greater care in the use of complex s^Tubols round which have gathered
from time to time the emotional re-action of the users and the ‘ social

history ’ of the community.

39. Colour proferences of the Santals.

R. K. Mohdal and M. N. Basu, Calcutta.

Experiments were done on hundred adult male Santals of Santal
Farganas for determining the relative affective value of colour impressions.
In the experiments seven colour papers were taken namely violet, indigo,

blue, green, yellow, orange, and red. Testing the colour impressions of the
Santals it is found that they have a preference for red. Experiments
were done on two other groups of people of India and the results were
compared.

In conclusion the authors state that with the present knowledge
of psychology racial colour preferences possibly suggest that thei*e may bo
some inherent psycho-physical differences between the different races

of the world.

40. The marriage and nishpat cust oms of the Rishis.

N. Datta Majitmdar, Calcutta.

The ‘ Bisliis ’ or ‘ Rishisputras ’ are the leather-dressing and cobbler

caste of Bengal. In this paper, a study has been made of the Risliis of
Shahapur (population 1686), a village in the south-east comer of the
district of Mymensingh. In the matter of marriage the ordinary rules

as to prohibited degrees are followed, and a price has to be paid for the
bride.

Widows are not allowed to marry. But the purpose of widow
remarriage is served by a peculiar custom known as ‘ nishpat * whereby
a man employs a widow as a maid-servant, and lives with her as husband
and wife without undergoing any ceremony whatsoever. Children born
of such an union are not regarded as illegitimate. Nishpat sons are

entitled to inheritance along with sons of regular marriage, the former
getting a share of 6 annas while the latter 10 annas. But the former are

esteemed lower in social status than the latter, and are not allowed to

sit in the same ^e with them in social feasts.
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The ' nishpat ’ cuBtom seems to be in an intermediate position between
pure and simple concubinage and widow remarriage. The word ‘ nishpat ’

is probably derived from the Sanskrit word ‘ niskpati ’ which may be
disjoined as ‘ n?‘ ’ plus ‘ pati ’ that is, one who is without a husband.
41.

On an improved model of the Profiloscope.

P. C. Mahalanobis, Calcutta.

A photographic prohloscope designed by the author was described

in a previous communication to the Indian Science Congress in 1933 and
1936. The accuracy attained in prohle measurements on photographs
taken with this instrument was discussed in a paper published in SankhyA,
Vol. 3, Part 1 (March 1937),

Further improvement have been made to ensure greater accuracy
in seating the subjects in the same standard position. The^improved
model and photographs taken with it will be exhibited.

42.

Studies in blood groups in the Khasis.

R. N. Basu, Calcutta.

Blood from 50 individuals were grouped, and the percentage distribu-

tion deteimined and compared with other peoples.

43.

Marriage ceremonies of the primitive tribes of Travancore.

L. A. Krishna Iykr, Trivandrum.

Marriage ceremonies are common in the savage world. The purposes
of their performance are manifold and form a very fascinating study.

The joining ofhands is found among many savage trib^ . It is the outward
sign of a troth that the two persons gi-^'^e.to each other. Very frequently,

it is an act of union. Another wide-spread rite is to eat together.

The bridegroom gives a ball of rice to the bride who in turn gives one
which he eats. Mutual partaking of food is the strongest of all ties

and breaks the most important of taboos, that are prevalent against

eating together. Exchange of betelnuts is another custom found
among the Malayarayans. The bride gives one half to her lover and
chews the other half. They spit in the same spiloon. This consummates
marriage. The presentation of a bamboo comb to the bride forms the
essential part of the ceremony among the Muthuvans. Another rite

is the custom of throwing of some kind of cereals and dried fruit on the
couple. It is intended to give food to the evil spirits to induce them
to be propitious and depart . Evils are averted from bride and bridegroom
not only by xjositive rites, but also by abstinences of various kinds.

44.

A prehistoric site within the city of Madras.

M. D. Raghavan, Madras.

In and about the city of Madras are a number of interesting prehistoric

sites which await excavation. Practically at the western extremity
of the city lies one such site now included in the garden of a house
‘ Fontenoy ’. From time to time Mr. E. Prudhomme, the owner of the
property, during the course of building operations had unearthed antique
pottery including big sized urns. On his invitation, Mr. Cammiade
had inspected the site. His retirement and departure from India prevented
a close study being made of it. In August 1934, permission was obtained
from the owner, by Mr. T. G. Aravamuthan and the author, on behalf of
the Madras Museum to examine and excavate the site.
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The site proved to be of more than ordinary interest, not the least

remarkable of its features being the great variety of pottery forms
met with, the site being closely packed with bowls and pots of black-tipped

ware, specimens of all black pottery, lax^e urns of coarse clay and big

sized sarcophagi of the Perumbair type. Among the unique fonns in

pottery are a specimen of all-black bowl with a pointed end, recalling

the shape of a half cocoanut with its sharp terminal, a goblet and a censer

with fluted stem. The urns fall into three classes—the usual type of
large wide-mouthed pyriform ums with the bottom out flat, such as those

found at Adichanallur and Perumbair ; the less frequent type with the

high neck and mushroom shaped body, and the elongated form with
globular body ending in a short stem. Certain of the objects found
are highly suggestive of the early Iron Age such as a hoe blade in iron

of primitive type and a thick rod of iron. Among other antiquities are

a hollow pottery bead and a well made flgurine of black pottery in the

form of a bird, which possibly are of the nature of votive offerings. Frag-

mentary pieces of bones found in one of the pots indicate that the people

practised what is known as the secondary burial, where the body after

a preliminary burial was exhumed, and a selection of bones given a cere-

monial interment in cists or sarcophagi with elaborate ceremonials, votive

offerings and offerings of food—an extension of the cultxire discovered

in the sites in the neighbouring district, at Pallavaram and Perumbair.
The site was no doubt the buri^ ground of a settlement of great

antiquity which lay in its vicinity ; vestiges of which have been collected

from the site occupied until a few years ago by the Government brick-

fields, extending into the property called Landon’s Garden to the north of

it. The full extent of the burial site could not l:)e ascertained as the

neighbouring areas have been largely built over.

The surface soil is sandy clay, which deeper <iown changed to the

river sand variety. The moisture laden sand was not conducive to the

preservation of pottery which softened and fractured, aggravated by the
roots of tho trees growing on the site.
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1 . Crop insurance for India.

B. Mukherjbe, Lucknow.

This paper discusses economic planning of agriculture by crop
insurance to minimize the uncertainties of cultivation. The problem
is both new and important in a predominantly agricultural country like

India.

The enormous advantages of crop insurance to the agriculturist, the
consumer and the Government on the one hand, and for industrial develop-
ment and the organization of agriculture on sound business lines on the
other, are discussed.

The difficulties of the scheme arc then explained. The actuarial
calculation of premia present serious difficulties. There is no general
formula which would apply in every case. The provision of storage
throughout the country, the lack of telescopic faculty in the cultivator,

his limited surplus and heavy debts, these and other difficulties are
examined.

The insurance premium would be a tax on surplus while the taxable
margin is low. The total cost would be high but it would be largely
offset by reduction in other charges for the cultivator. Further, the cost
can be minimized in other ways which are explained.

The paper pleads for a modest beginning in the plarming of agricultural
reconstruction by crop insurance. It also pleads for an enquiry by a
Government Committee for framing a practical scheme.

2. A new rail or9p (sugar beet) for irrigated tracts.

K. I. Thadani, Sakrand (Sind).

The Agricultural Department in Sind is in search of alternative crops
for wheat with a view to provide the farmer with crops more remunera-
tive than wheat and at the same time have a wider range of sowing period
during the rabi season since wheat, which is at present the predominant
rabi crop, has a very limited sowing period. The main idea is to spread
out the demand for irrigation water and, at the same time, to increase

the area under rabi crops.

Attention was therefore directed to the trial of sugar-beet. An
experiment was conducted at the Agricultural Research Station, Sakrand
during 1936*37. Five varieties, thrro from England and two from U.S.A.,
and four sowing dates, viz. 26th October, 2nd, 9th and 16th November
were tested. The seed was sown on ridges at the rate of 4*5 lbs. per acre.

The results have indicated that the crop is capable of yielding 260 maunds
(80 lbs. a maund) of beets per acre for sugar manufacture and in addition
about 300 to 400 maunds of tops for feeding cattle. Early sowing, viz.

26th October,' was foimd to be more satisfactory than later (November)

( 209 )
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sowings. The crop is ready for harvest by end of March when the sugar
eontents reach 13 to 14%. Ko conclusive results were obtained with
regard to the varieties tested. Sugar liect is a five-month crop like wheat,
and requires much less water than sugar cane which is a 12-month crop.

Taking price of beets at 4 annas a maund, the gross income from the crop

will be Rs.62 from which has to be deducted a sum of Rs.16 for extra

cost on manure and seed. This leaves a sum of Rs.47 per acre as compared
to Rs.30 from wheat. The results, however, require confirmation.

3. The use of tender leaves as cattle food.

B. N. Banbrjee and G. B. Ramasarma, Bangalore.

A dozen varieties of leaves that are fed to goats and other cattle,

during the dry months of the year, were analyzed for their carotin, protein,

calcium, and phosphorus contents. Their nutritive value U high and
compares favourably with green grass {Cynodon dactylon). They are

rich in lime and contain enough phosphorus and protein. The carotin

content is also high. Tannins, alkaloids and other bodies, that may act

as stomach irritants or poisons, need to be examined in particular cases.

The results indicate the possibility of utilizing such vegetation as cattle

food in India where the fodder problem is one of major importance.

4. Nekalam universal drill.

N. Alam, Punjab.

The author describes a seed drill of his own invention which is cheap,
simple and efficient. It is suitable for sowing most crops. The machine
is supplied with either one tined or five tined drills.

5. Agricultural meteorology in India.

L. A. Ramdas, Poona.

The paper discusses the main contributions made in India to the
new science of Agricultural Meteorology. The investigations made at
Poona on micro-climatology, precision observations, influence of weather
on the yield of crops and on the areas sown, the thermal balance and the
water balance at the soil surface, methods of influencing climatic environ-
ment for given purposes, and evaporation are briefly discussed. Another
important subject engaging attention at Poona is the study of the meteoro-
logical factors controlling nocturnal cooling of the air layers near
the ground. By statistically examining past meteorological data
accumulated by the India Meteorological Department, it has been possible
to investigate dates of onset of the south-west monsoon, and the frequency
of phenomena like heat and cold waves, droughts, floods, hail storms,
etc. The possibility of predicting maximum and mimimum temperatures
by statistical methods has also been investigated. A number of new
instruments have been devised for work on Agricultural Meteorology.

In conclusion the importance of liaison work in connection with
issue of warnings to farmers, and training of agricultural workers in

Agricultural Meteorology is stressed.

6. A new method of determining seepage.

V. I. Vaidhianathan and H. R. Luthra, Lahore.

A now method has been developed to determine the seepage from
canals in waterlogged areas. The method depends on

:
(i) the deter-

mination of subsoil flow by an electrical method, (ii) the determination
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of the angle which the outermost stream line of the subsoil flow makes
with the vertical, and (iii) the integration of the flow for a cross-section
under the canal. The method has been developed in the field in connection
with the determination of seepage from a big canal in the Punjab.

7. Recent progress of agricultural marketing work in India.

A, M. Livingstone, Delhi.

Introductory : Marketing recommendations of the Royal CommiBsion
on Agriculture (1928). Appointment of Marketii^ Staffs by the Imperial
Council of Agricultural Research and by Provinces and States (1935).
Commencement of all-India marketing surveys on various important
commodities. Nature of surx’eys and publication of reports.

Grading and Standardisation : Need for standardisation owing to the
widespread evils of adidteration. Scope of Agricultural Produce (Grading
and Marking) Act, 1937. Experiments in grading eggs, fruits, hides,

tobacco, etc. Practical difficulties and results showing extent to which
enhanced prices of graded produce cover the costs of grading.

Standardisation applied to staple products through Trade Associations.

Harmful effects of varying contract terms in different markets. Introduc-
tion of standard all-India contracts for cereals and oilseetls. Bearing
of standard contracts on ‘ futures ’ trading. Need for limited number
of representative associations controlling trade terms. Formation of
Taimers’ Federation, Tobacco Association, etc. Is statutory sanction
necessary for such bodies, c.f. East India Cotton Association, Bombay 1

Special position of Indian Central Committees for Cotton, Lac,
Coffee, Jute and Sugar and their activities in mgard to marketing.

General Development Work : Further measures designed to increase

the eflaciency of distribution ajid for returning better prices to cultivators.

Improved market news service. Advantages of broadcasting and use
of vernaculars. Recent advances. Fundamental difficulty of comparing
prices in absence of standard all-India weights. Position regarding
cbdoption of a standard tola (180 grains Troy), seer (80 tolas) and maund
(40 seers). Elimination of waste by improved methods of storing wheat
€Uid the introduction of cold storage and transport for perishables. Multi-
plicity and variable nature of market charges. Measures to secure

uniformity and reduction of high charges. Causes of slow progress in the
establishment of regulated markets. Comparative failure of co-operative

trading societies due to bad management. Could this be cured by applying
some kind of managing agency system to these societies ?

Conclusions and probable lines of future development.

Plant-breeding and Oenetics.

8. Some aspects of plant breeding in India.

V. G. Panse, Indore.

Examination of figures for 1934-35 reveals that the area under
improved varieties of importai^t Indian crops, except sugar cane is under
twenty per cent. While several causes may be responsible for this, it is

clear that the great scope for improvement of crops in India is not yet
exploited to any appreciable extent. Some suggestions are made for an
eflBcient handling of available breeding material. They include formula-
tion of a clear breeding jpolicy, proper testing of breeding material and the
strains evolved by statistic^y soimd methods and examination of the
maximum capacity of a strain to respond to selection. The iinportance
of genetic studies in quantitative characters is emphasized.
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An important genetic constant.

N. Alam» Punjab.

The theory is advanced that for any quantitative character there is

a definite relation between the average values of both the parents and
any two successive generations. When an algebraic equation is fitted,

the sum of the averages of €uiy quantitative character for both the parents
and the preceding generation out of any two filial generations, is equal to
tliree times the value of the succeeding one. Thus, if once the values for

both the parents and any one generation are known the values for the other
generations can be calcmated.

10.

Hybrid vigour in rice.

K. Ramiah and K. Ramasamy, Coimbatore.
*

A big population, of over sixty to hundred plants in each Fi of
four sets of crosses in rice with parents of varying grain size, was studied

for several quantitative characters chief of them being tillering and grain

yield. The weight of the crossed seed was found to be bigger only when
the female parent had a smaller grain than the male parent. In one
cross involving two widely differing parents in grain ske, the embryo
size was the same both in the selfed and hybrid seed when the bigger

grained parent was kept as the mother but was definitely less in the reci-

procal cross. Heterosis as measured by tiller production was not directly

related to embryo size. The hybrid has a better initial start which,
however, is not maintained at the later stages, the initial differences tending
either to decrease or increase, thus suggesting that embryo size is not the
principal factor accounting for heterosis. It is possible that the endosperm
in which the initial embryo is nurtured plays as important a part as the
embryo itself.

Heterosis when present generally manifests itself by greater tillering,

by larger number of ears per plant, by longer panicles, by earliness in

flowering and by larger yield per plant though the amount of such mani-
festation may vary with particular crosses. Heterosis by increased plant
height occurs only vCiy rarely.

1 1

.

The effect of certain external factors upon the manifestation

of hybrid vigour in wheat.

B. P. Pal and Nek Alam, New Delhi.

Hybrid vigour was studied intensively in a cross between Pusa 52
and Pusa 165 wheats under different dates and times of sowing, different
depths of sowing and different conditions of spacing. The characters
studied were : germination, rate of formation of first four leaves and the
first tiller, height of plant, tillering, number of leaves per plant, length
of ear, number of fertile and sterile spikelets, number of grains per ear,

weight of nain and yield.

The data indicated that the expression of heterosis was greatly
influenced by the several external factors studied.

12. X-ray mutations in rice.

K. Ramiah and N. Pabthasaeathy, Coimbatore.

The paper deals with a large number of mutations obtained by X-
raying rice seed at the Paddy Breeding Station, Coimbatore. Among
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the mutations described, thirteen refer to various forms of chlorophyll
deficiency of which half a dozen occurring as natural mutations have been
described previously. The other mutations refer to different forms of
spikelet sterility, grain size and shape, leaf size and type of panicle.
and Xs generations have been raised to study the genetics of these
mutations. Such studies on the partially sterile mutations show some
interesting associations between sterility genes and genes controlling such
characters like awning, grain size, flowering duration, size of leaf, stature
of plant, and colour of lemma and palea.

Some of the homozygous types isolated from the segregating families
are promising economically since they are identical with the original
X-rayed parent except for slight improvement in vigour (greater tillering)

and small differences in height and flowering duration. Yield trials are
in progress to test their usefulness.

13. Inheritance of size and shape of grains in rice.

S. K. Mitra and P. M. Ganguli. Assam.

The length of spikelets in rice has been observed to segregate in the
in the ratio of 3 short to 1 long. The existence of variation within the

groups of short and long spikelets can probably be accounted for by
minor modifying factors also operating besides the main one.

With regard to the breadth of the spikelets the and frequencies
give only normal distribution showing that the inheritance of breadth is

of the multiple factor type.
No correlation was found to exist between the length and breadth

of spikelets amongst the F^ population of the cross made to study the
spikelet size.

14. The genetics of Mung (Phaseolus radiatus Linn,).

R. D. Boss, Pusa.

Qenetical studies in some species of Phaaeolue such as Ph, vtdgaris

PK chrysantfvus, Ph. imdtiflorus, etc. have been reported by workers abroad
but no genetical results in mung or Phetaeolus radiatus Linn. (s3m. P.
emreus Boxb.) appear to have been published up to now. The mode of
inheritance of colour in the flower, unripe pod, and seed-coat as well
as that of quantitative characters such as maturity, length and diameter
of pods and the relation of these characters to each other have been studied
at Pusa emd described in this paper.

The cross was made between Pusa types 18 and 36, the former having
dark green, dull seeds, and light yellowish-olive flowers while the latter

has pale lemon-yellow coloured seeds with a shining surface and olive-

yellow flowers. Monogenic inheritance has been observed in this cross
for flower coloiir and the nature of the seed surface, olive-yellow flowers

and shining seed surface (both like those present in type 36 parent)
being recessive. Two genes appear to be responsible for the inheritance

of the seed-coat colour.

Transgressive segregation has been noted in the maturity of the
mung hybrids as well as in the len^h and diameter of its pods. The
colour of the unripe pod has been found to be completely linked with
that of the flower whereas there is no linkage between seed-coat colour

and the nature of the seed surface nor between any of these two characters

and flower colour. Neither there is any relationship between any of the
qualitative with the quantitative characters studied.

A correlation of r « 6*601 0"03 has been observed between the length
and diameter of pods but no relations exist between these two characters

and maturity.
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15. Colour inheritance studies in Indian chillies (Capsicum

annuum L.).

R. B. Dbshpandb, New Delhi,

The paper describes the results of crosses between a yellow-anthered
mutant chilli, type 11A, and two Pusa types, type 3 and type 29, the
former having purple petals, anthers and nodes and the latter having white
petals, purplish yellow anthers fuid pale purple nodes. The results show
that the yellow fiwithers of type 11A are recessive to the two kinds of purple
anthers found in type 3 and type 29 respectively on a monohybrid
ratio.

The expression of purple colour in any organ is shown to be dependent
on the presence of a factor, St which also determines the purple colour

both in anthers and nodes.
The segregation of anther and node colour in relation to petal colour

was found to be on a ratio of 36 purple petal, anther and node : 12 white
petal, purple anther and node : 16 white petal, yellow anther and green
node.

16. Cooking tests with Pusa types of pigeon-peas (Cajanus

Cajan (Linn.) Millsp.).

R. D. Bose, P. M. Gangitu, and S. M. Umab, Pusa.

The ultimate tost for all food crops is their cooking value and hence
in aU programmes for improvement of such crops the cooking test should
occupy an important place. Eighty-six Pusa types of rahar (Cajanua)

and 6 hybrids were tested for their cooking properties and classified into

three mean groups for taste. This character was correlated with others

and it was found that some correlation was present between taste and
adherence of husk to the dal, colour of the raw and of the cooked ded as
well as with the time taken to cook. No relationship was observed between
the taste of the dal and the habit, maturity, flower and pod colours, size

and shape of grain, yield, percentage of husk and the oonsistency of the
cooked dal.

17.

The inheritance of basal feathered stigmas (and basal

barbed subules) in Sorghum.

G. N. Rangaswamt Ayyangar and T. Vbnkataramajna Reddy,
Coimbatore.

A gene Stjgf North Rhodesian in origin, is responsible for the stigmas

being fully feathered in Sorghum. St^^ results in stigmas whose basal

one-third alone is feathered, leaving the top two-thirds of the feathery
area devoid of feathers and simply columnar. This restricted feathering
has not affected seed setting and has been noted to occur in varieties with
gaping glumes. St^^ is a simple dominant to St^£« In awned varieties

this differentiation in the feathery area shows a parallel effect in the
homologous organ, i.e. the subule of the awn. When the stigma is fuUy
feather^, the subule is fully barbed and when the stigma is be^s^ feathered,
the subule is basal bcurbed. The St^^-St^l factor pair behaves in inherit-

ance independent of the sheath colour factors P and Q and of the grain
colour factors and W.

This is the first record of a restricted feathered stigma in Qraminess.
This kind of a stigma is a varieted characteristic and is mendelian in
inheritance.
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Study of Crops and Crop Products.

18. Water requirements of sugarcane varieties during hot

weather.

K. L. Khanna and P. C. Paheja, Bihar.

Hot weathe? in North Bihar constitutes a critical stage in the growth
cycle of the cane crop.

,

During this period the crop that is usually rainfed

has solely to depend upon the water present in the subsoil left over from
the previous monsoon while the increasing stress of soil dryness on the
crop is relieved only after the next monsoon sets in. The suitability or
otherwise of a variety for this tract, therefore, depends largely upon its

efficiency to tide over the hot weather. Studies were, therefore, conducted
during this period to work out the water requirements of varieties belong-
ing to three distinct groups namely drought enduring, drought escaping
and the definitely mesophytic. The results obtained from this field

study are summarized below :

—

Sugarcane varieties differ widely in their relative efficiency of
water requirements and varieties most likely to suit North Bihar tract

need have relative efficiency of water requirements equal to or greater

than tViat of 0*33.

A linear proportionality was found to exist between the relative

water requirements of varieties and the dry matter produced by them.
A high negative coefficient of correlation was observed between

the assimilation capacity of plants and their relative water requirements.
Capacity of varieties to resist drought did not necessarily mean

an economical use of water by them.
Degree of development of transpiring surface also did not exhibit

any relationship to the relative water requirements of varieties.

19. Analysis of certain varietal characteristics in sngar-c^ane

with refeirfce to drought-resistance and yield.

R. N. Mathue, Shahjahanpur,

The results of a physiological enquiry into certain characteristics of
sugar-cane varieties in relation to their drought-resistance and final yield

are presented. Thirteen varieties of known performance
:

(i) drought
resistant—Co. 286, 205, 248, Desi and S. 114, (ii) medium resistant—^.
213, 313, 290, 281 and 331, (iii) drought susceptible—B. 6308, P.O.J. 2878
and Co. 515, were selected and studied for germination, tillering, leaf

area, length, width, and water-content, cane height, intemode length and
thickness, arrowing, final cane yield, Isuorose content, etc.

After the monsoon period drought resistant varieties are found to

possess usually more than four tillers and the susceptible ones not
more than two per plant. The intermediates carry between two and
four tillers. High tillering canes are not necessarily heavy yielding;

indeed heavy yield is associated with medium tiller production.
Drought resistant varieties are further, average yielders and charac-

terized by thin canes, profuse flowering, narrow leaves with low water-
content and low sucrose contents. Susceptibles on the other hand possess

thick canes with deficient yield, no flowering, broad leaves with high
water-content and high sucrose. Varieties called medium resistant

are generally observed to be thick cemed, heavy yielding and high in sucrose
content ; with respect to leaf width and water-content they occupy an
inteimeffiate position.

Certain yield relationships are also included.
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20. Top/bottom ratio method of determining maturity of
sugar-cane.

K. V. S. Satyanabayana, New Delhi.

From physiological and biochemical studies, Viswa Nath showed that
in a normally grown, ripe sugar-cane crop, the top/bottom ratio metiiod
of determining maturity of the cane is the most reliable and least effected

by environmental factors.

This paper confirms Viswa Nath’s finding and presents data which
show that the top/bottom ratio is independent of manurial treatment and
gives a correct index of the maturity of the cane.

21. Observations on the origin of lint and fuzz hairs in cotton.

V. Bamanatha Ayyar and G. Seshadri Ayyangar, Cojmbatore.

In a previous paper, it was shown that primordial hnt cells could
be identified by their characteristic nuclear changes and that hairs were
also produced from the sub-epidermal region below the stomata, and
these seemed to correi^nd to the fuzz hairs foimd on the mature seed-

coat. Since then, a large ntimber of cotton varieties were examined for

these two types of hairs. All of them confirmed the origii^ observations
on the (Ufferentiation of hairs. The primordial lint nuclei were found to

behave in a manner different from that of mitotic nuclei of the epidermal
cells. Studies on the lintless types disclosed that five patterns of lint

development ranging fmm absolute lintlessness to normal lint-formation

could be Hifttinyiiahed. In twp of them, the primordial lint nuclei

were found to disintegrate and in other two, they underwent regularly

all the changes, but subsequent growth of the hairs was found arrested,

at difierent levels. Further observations made on the stomatal hairs

showed that these are identical with fuzz hairs. They were more clearly

brought out on the comparison of ovular sections of naked and fuzzy
types which in addition, exhibited a difference in the nature of their

stomatal air-cavities.

22. Bionnial bearing in mangoes.

P. K. Sen, Sabour.

The problem of * biennial * or * alternate ’ bearing in mangoes is

discussed and the need for overcoming this difficulty stressed. The
cause of the phenomenon and possible methods of control are indicated.
It is pointed out that a thorough investigation into the nature and habit
of growth of the mango and of factors involved is essential for successful
production of the fruit and effectively remedying its biennial bearing.

23. Certain metabolic variations and growth rate of Malta
oranges.

J, C. Lxjthra, Punjab.

It is recognized that the study of metabolic activities of fruits during
their course of development furnishes important data which can be
helpful in esmlaining the changes in the body of ripe fruits exposed to
conditions of cold and gas storage. The paper embodies results of an
investigation on the respiratory activity, relative growth rate and
nitrogen content of developing Malta oranges. It is interesting to note
the parallelism between the respiratory activity, growth rate, and nitrogen.
They are very high during the adolescent stage and fall off continuously
as the fimt ages. The second high value of respiratory activity occurs
at the climaoterio st^e and marks the onset of colour changes in the fruit
from green to greeniw yellow and finally to orange sallow.



217(9)
Section IX, Agriculture,

24.

Effect of * short ’ and ‘ long ' day treatment on the flowerin]^

duration of different classes of paddy.

M. Alam and A. B. Saran, Sabour.

An important problem in rice-breeding is the croseing of varieties

widely differing in their flowering duration—^which is more or less fixed
in case of * Aman ’ or winter paddies—and as such it is not ordinarily
possible except by utilizing late tillers of the earlier variety. This, how.
ever, is not always possible especiedly when the interval between the
flowering duration of the varieties to be crossed is fairly long. Besides
this, the setting of grains in such late tillers is also poor. In view of these
facts, two sets of experiments were laid to investigate the possibility of
altering the flowering duration of the so-called ‘ timely-fixed ’ paddy
varieties, by (1) increasing, and (2) decreasing the ‘ day length ’ arf i-

flcially. The ‘ day length * was increased by illuminating the plants
with Petromax light during the night, whereas the shortening was effected

by removing the plants from full ^y light to complete darkness.
The effect of both these treatments on the flowering duration of the

paddy plants is quite distinct. By increasing the ‘ day length flowering
date is appreciably delayed, whereas by decreasing it, the plants are

induced to flower earlier. The actucd shifting of the flowering dates,

however, is found to depend on the period for which the actual treatments
are given. By adopting one of these methods a definitely * late * variety
has been crossed with a distinctly early one, which was not possible before.

25.

Physiological studies of salt tolerance in paddy.

M. Alam and A. B. Saran, Sabour.

The occurrence of large saline areas near the sea coast and also around
the Chilka lake in Orissa has rendered dif^cult the problem of successful
growing of paddy which is the only crop that can be cultivated in the
tract. Investigations on various aspects of the problem have, therefore,

been in progress for the last 3 to 4 years at the Bihar and Orissa Bice
Besecu'ch Station, Sabour. Besults of preliminary investigations were
communicated at one of the previous sessions of the Ckingress, but since
then a good deal of progress haA been made, especially on two cuspects of
the problem, viz., gr^u^ education ofpaddy plants to tolerate salinity and
pre-treatment of paddy seeds with minute doses of common salt solution
before growing them in saline soil.

Bestdts obtained from both these investigations are interesting and
point to the possibility of growing paddy in scdine areas by either of these
methods, f^treatment of seeds with minute doses of common salt,

however, appears to be more promising and is a novel method of solving
such problems. The best results have been obtained when seeds are soaked
in *000,000,1% salt solution. Faddy seeds of a non-sahne variety soaked
in this strength of salt solution were actually grown in saline tracts of
Orissa as well as under Fot-Culture conditions, where artificial salinity

was induced. The actued data obtained point to the definitely better

performance of the treated seeds than the untreated ones.

26.

Nicotine and its movement in tobacco and in tobacco-

tomato grafts.

B. ViswA Nath and B. P. Pal, New Delhi.

Nicotine content in different plant-parts of grafts between tobacco
and tomato was studied. The tomato scions in grafts where tobacco
was used as the stock distinctly showed the presence of nicotine sug-
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gefiting upward translocation of the alkaloid manufactured in the tobacco
stock whereas in the reciprocal grafts the tomato stocks were devoid of
nicotine and the quantity of the latter in the tobacco scions was very
much reduced.

Nicotine content increased with maturity in the tobacco plants up
to a stage after which there was a decline.

27. Studies on the storage of potato and its damage by heat-

rot.

P. B. Sanyal, New Delhi.

Great damage is done to potatoes in North Bihar during storage

through heat-rot. Drastic antiseptic treatments such as dipping in copper
sulphate and sulphuric acid solutions, fumigation with CS2 ,

keeping with
sulphur, tobacco powder and lime proved ineffective when the mean
atmospheric temperature persisted for some time at 86°F. or more.

In two years’ storage experiments it was found that smaller tubers
preserved better while their dryage was more. Bigger ones are more sus-

ceptible to heat-rot. Cultivators sometimes lose as much as 90 per cent,

of the crop.

Two factors, viz. high temperature and humid atmosphere, are chiefly

responsible for the huge waste of potatoes. Prior to rotting, the tissues

first get blackened, then soften and finally a frothing emulsion oozes out.

Decrease in albuminoid nitrogen, increase in ammoniacal nitrogen and the
formation of dextrine were noticed during rotting.

Bespiration of tubers wae studied. Respiratory ratio increases

with temperature and catalase activity decreases till the tubers suffer

injuries in their tissues producing black patches and finally these are

attacked with bacteria or fungi producing heat-rot. On cold storage the
respiration is slower and injury or blackening of the tissue is much leas.

The whole problem of storage of potato, therefore, rests on the
avoidance of stimulation to enhance tissue-respiration. This is attained
by storing the tubers in cool, fairly dry places. Common air-cooled
storage houses in which cold air is adiiritted at nightmay serve the purpose.
Next best is to store potato on the ground over a bed of sand. It is

economical to use small tubers for seed purposes, as they keep better
and smaller quantities by weight are required for sowing, while the outturn
is the same as from medium or big tubers.

28, Potassium ferricyanide method for the estimation of

reducing sugars in cane Juice.

K. L. Khanna and S. C. Sen, Pusa.

Fehling’s method for the estimation of glucose in cane juice is

now widely accepted although the necessary use of sodium phosphate
filtrate makes it laborious and time-consuming so that where many rounds
of analyses have to be completed within the course of each day as is the
case in Sugarcane Research Laboratories an accurate yet quick method
is a desideratum.

One such method has been found in the direct use of lead sub-acetate
filtrate for titration agcunst 1% alkaline Pot. Ferricyanide solution.
The method which qualifies the amount of lead sub-acetate to be used
for clarifjdng the original cane juice (2-3 grams for 150 c.c. of cane juice)
gives results clo-sely corresponding to those that are obtained with sodium
phosphate filtrate by Fehling’s and Ferricycmide solutions. The advantage
is evident as both the estimations of sucrose and glucose can be done
from the same filtrate.
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29.

Properties of jaggery in relation to moisture.

T. Vakahuht, Coimbatore.

The responses of good and bad jaggeries to 0*0%, 50%, 60%, 75%
^d 100% relative humidities were studied. The study revealed several
important properties which are so distinctly characteristic of each of the
two types of jaggeries studied.

It was indicated that the good jaggeries have a more open texture
with capacity to either give up, or take in, moisture readily. They
possess a considerable strength of surface, which enables them to hold
large amotints of water in surface solution without their structure showing
any signs of collapsing. They so characteristically retain but com-
paratively small amounts of water when at equilibrium in any given
humidity below the saturated.

In all these respects the bad jag^ries stand in striking contrast to the
good ones.

It was suggested that the moisture content of a jaggery at equilibrium
with imy given humidity below the saturated might serve os a reliable

single value to qualify and evaluate its keeping capacity.
That the water in jaggery might be Existing in two forms, viz. as

* free ’ and ‘ bound ’ water, and that the latter might have been held by
forces of adsorption, was also suggested.

It was seen that both the good and the bad jaggeries might cease to
manifest their hygroscopic tendencies at some humidity which might
be lying between 50% and 60% relative humidities.

30.

New cane varieties from Coimbatore.-^

N. L. Dxjtt, Coimbatore.

Attention is drawn to the new varieties of thick canes Co. 419 and
Co. 421. The Indian cultivator is familiar with the medium canes Co.

213, 285, 290, 313 and 331 which are serving him and the industry so

eihciently. The new canes like Co. 419 are different as they contain more
of Pounda or Saerharum officina/rum blood.

Co. 419 has, in the trials at the experiment stations in the Bombay
and Madras Presidencies as also in Burma and Assam, out-yielded the
famous * wonder-cane ’ of Java, P.O.J. 2878 and the local canes.

Co. 421 is considered a serious rival of Co. 213 and other medium
canes in North India.

Co. 419 thus holds out promise of usefulness for tropical India and
Co. 421 for certain parts of sub-tropical India.

Statistics and Plot Technique.

31.

Test of significance of treatment means with mixed-up
yields in field experiments.

S. S. Bose and P. C. Mahalanobis, Calcutta.

In a previous paper, the formulae for estimating individual yields,

in the case of an experiment with two or more plot yields being mixed
up, have been worked out by the method of minimizing residual variance.

It is shown, in the present paper, how the standard errors of the treatment
means may be cidculated as a linear function of the known yields in the
case of the standard methods of field experiments and how these errors

may be utilized for testing significant differencd.s between observed treat-

ment means.
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A complex experiment on winter rice at Dacca farm,

1936-37.

S, Hbdayettjllah, K. P. Roy, and P. C. Mahalanobis, Calcutta.

A complex cultural experiment was conducted at the Dacoa Farm in

1936 to study the effect of three cultural factors on the yield of a selected

strain of transplanted winter rice.

The three factors were : (i) five dates of planting, (ii) six ages of
seedling, and (iii) three seedling numbers.

The experiment has shown-^
(i) that almost for any date of planting, seedlings of six weeks age give

the best results

;

(ii) that for early plantings, one seedling gives the highest yield but
its superiority to larger number of seedlings diminishes as the planting is

delayed. This is true of seedlings two, three and seven weejra old, but
the other age groups do not show this difference

;

(iii) that there is a decrease of yield for one seedling group in the
early August plantings but for the other two seedling groups there are
occasionfiJ significant increases

;

(iv) that in lata August plantings * one seedling ’ is superior to others
and it is due only to two and three weeks old seedUngs

;

(v) that in early September planting, the yields of one seedling group
begin to fall till they are completely superseded in the late September
plantings by the local method of planting 3-4 seedlings per hole.

33.

A complex cultural experiment on rice.

S. C. Chakravarti, S. S. Bose, and P. C. Mahalanobis, Calcutta.

The paper describes the results of a complex four-factor experiment
on rice earned in four successive seasons at the Chinsurah Farm between
the years 1933-1937. The crop was almost a failure in the third year.

Three years* data have therefore been analyzed in this notQ. The results

show that Bhasamanik is the best under Chinsurah conditions, that August
1 is the optimum date of planting and that close spacing and increased
number of seedlings per hole are necessary to insure against late trans-

planting, particularly in a yoar of adverse rainfall condition.

34.

A study on tillers of rice plant bearing on their duration of

life, performance and death.

K. C. Banerji, J. R. Pal, and P. C. Mahalanobis, Calcutta.

With a view to study the mortedity of rice tillers in relation to their
time of emergence on the mother plant, relevant data were collected

from a pot culture experiment in the Bankura agricultural farm. The
tillers as they emerged were marked out with a ticket showing the date
of emergence and in the event of death the date was inserted on the ticket.

The results show that the early tillers contained a greater proportion of
grain bearing tillers than the late ones and that the heavily manured soils

always delayed the period of maximum tillering activity compared to the
unmanured or light manured ones. It was also found that of the tillers

that emerged in the first fortnight of August, 12 per cent wore ineffective

;

those of the second fortnight, 30 per cent were ineffective. Of the tillers

of the first pckrt of September, 75 per cent were ineffective while all sub-
sequent tillers were wastes. The contribution to final yield of the
tillers of these four periods were respectively 22, 59, 18 and 1 per cent.
The question is asked, whether it would be desirable in the interest of
high yield to remove all tillers bom in the last two periods.
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35.

Preliminary studies on sampling in field experiments.

V. G. Pansb, Indore.

Sampling was tried in several replicated field trials conducted at the
Institute and outside to study stand, height, number of fruiting nodes
and sheds, and infection by red-leaf and leaf-roll in cotton, incidence
of frost in hnseed, number of tillers in wheat and barley, cuid yield in cotton
and wheat. Five to ten individual plants or two to five observation rows,
each three or four feet long distributed at random in the plot,were employed
as sampling units. In linseed hcdf the length of a random row was
observed. The sampling adopted was found fairly satisfactory for all

characters except yield. It has been shown from a consideration of
sampling variance that more extensive sampling by the present or slightly

modified methods would ensure greater accuracy.
Sampling can be utilized to the best advantage for taking subsidiary

observations rather than for estimating yield and investigations should
be concentrated on this aspect of the problem.

Orop Enemies.

36. The relation of Lantanato the spread of spike and a cheap
method of eradicating the same.

A. V. Varadeaja Iyengar, Bangalore.

Lantima is an exotic which belongs to the family of VerbenacesB of
which the teak is an important member. It has invaded within a few years
many provinces and has proved itself a menace. In the Deccan fjlateau

in particular, the development of sylviculturally useful species of plants
is seriously threatened. Its cultural characters and nutritive requirements
have been studied.

The problem of controlling this vigorously spreading species is con-
sidered under three heads : (i) Bemoval of the existing crop. The cover
as it occurs to-day in some of the localities represents a wide impenetrable
mass of bushes which some times reach to a height of 10 foet and more.
In view of its thorny nature, the bush cannot be easily managed. Though
the employment of elephants, etc. has been suggested for removing the
crop, the process is obviously costly. It has however been possible to
control the species through application of chemicals such as sodium
chlorate. The results obtained with vast areas of Lantana are discussed.
Removal of Lantana through cultural operations has also been considered,
(ii) summation of seedUnge, When the existing cover is removed, millions
of seedlings arise from the seeds that lie dormant in the soil provided the
conditions are favourable for their regeneration. Light and moisture
form two more important factors in this connection. Among the many
chemicals tried to control the seedlings, thiocyanates were found to be
the most potent, (iii) Control of viable eeede lying dormant in the soil.

Although Lantana ceui be disseminated through cuttings, root suckers,

stump plantings, etc. regeneration through seeds is the most naturally
occurring one. Attempts are in progress to treat the soil in a simple way
with a view to inhibiting the viability of seeds.

37. Sugax-cane mosaic disease in India.

B, L. Ohona and S. A. Rafay, New Delhi.

A brief account of histo^, distribution and economics of mosaic
disease of sugar-cane in India is given.

From fundamental aspect of mosaic virus study regarding physical
properties, transmissibility, etc. following points are of chief interest :

—
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Under Northern India conditions mosaic disease is not doing
much damage—the losses being only about 10% reduction in the yield
of cane (Co, 213) even in the experimental plots with as high as 60-80%
mosaic incidence. Recent tonnage experiments with thick canes have
revealed greater losses.

Mosaic vims is not uniformly distributed within the cane as
some setts from middle and lower portion of the affected cane give rise

to apparently healthy plants ; recovery varying from 0 to 40% depending
on the variety.

Thermal death point determinations of mosaic leaf juices of
different cane varieties reveal a wide variation between 46®-66°C.

These strongly suggest the existence of more than one mosaic
vims strain.

Sugar-cane mosaic virus is sap-transmissible but Chamberland
Candle filtrate is non-infectious. It is not seed-transmissible either.

Sugar-cane mosaic virus is rather of a sensitive typej, having a
low ‘ thermal death point *, very short life in vitro, inactivation at dilu-

tion beyond 1 : 10 and with dilute concentrations of acids and chemicals
but does not seem to be affected much with oxidation.

Mosaic; virus of any cane variety easily infects other varieties

and also maize, jowar (Sorghum) and teosinte {Euchlaena sp.). Reverse
inoculations, i.e. maize and jowar mosaic leaf juice inoculated into cane
have given successful infection.

Season seems to influence greatly the artiflcial transmission of
the disease. Months of May and June at Pusa always gave very high
percentage of successful inoculations. Similar seasonal influence has
been noticed under Delhi conditions also.

A large number of important sugar-cane varieties have been tested
for their resistance to mosaic. Co. 214, 244, 285 and 290 are comparatively
more resistant, while Co. 213, 223, 312, 313 and 331 have proved very
susceptible.

There are indications of active natural transmission under
Coimbatore, Gurdaspur and Jullundur conditions ; to a slight extent at
LyaUpur and in traces at Kamal (as observed this year).

P.O.J. 2878, a variety very highly resistant to mosaic has been
found badly affected with mosaic at Cuttack, Gurdaspur and LyaUpur.

Control measures.

38. Monkeys in relation to agriculture in South India.

T. V. Ramakbishna Ayyab, Coimbatore.

Among the various animals which levy their toll on the South Indian
agriculturist, monkeys occuiiy a fairly important status in many areas
of the province ; this is particularly the case in localities situated in the
vicinity of hill ranges or along forest areas. Though the writer hets very
little experience of conditions outside this province they are probably
similar in the neighbouring provinces also since we had new^aper reports
of monkey trouble in places like Belgaum in the Bombay Presidency.
Though in some countries outside India cases have been recorded of
monkeys being trained in farms for useful items of work such as fruit
picking, coconut gatheri^, scaring away other peats like crows, etc. etc.,

in India so far as the writer is aware, the monkey is only notorious for its

injurious habits. Anyone visiting places of pilgrimage situated on hills

like Tirupati, Palni, etc., can easily convince himself of the acts of mischief
and the depredations caused by monkeys to pilgrims in various ways.
In this paper an attempt is made to record the writer’s experience with
monkeys on his small farm and in some of its adjacent villages, all situated
along the foot hills of the Western Ghats, in Soutii MaUbar. !]^ this
brief paper are included notes on the species of monkeys concerned, the
nature and extent of injuries caused by them and some of the local methods
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adopted to get relief. The main idea of the paper is to get further informa-
tion if possible from others interested in this subject.

Soils

:

(A) Physics and Physical Chemistry

39. Some aspects of the ‘ Anion effect ’ in the interactions of

sodium clays with sodium salts.

Bampbasad Mittra, Calcutta.

The variations of the state of dispersion and cataphoretio velocities

(o.v.) of colloidal solutions of sodium clay on the addition of NaCl, Nal^Os,
Na2^2C8» Na2S04, Na2C204, Na8P04 and Na4Fe(CN)e have been studied.

For determinations of the c.v. the micro-oataphoretic method was used
and the changes in the state of dispersion of the colloidal solution were
followed with the aid of the Pulfrich photometer (Stupho Comparator).
While NaCl, NaNOs, Na2S208 and Na2S04 caused a coalescence at all

concentrations a marked peptization and a collateral increase of o.v. were
obser\^ed with Na2C204, Na8P04 and Na4Fe(CN)e. The peptization and the
increase of c.v. were greater the higher the concentration of these salts.

Using high concentrations the initial peptization was followed by a gradual
aggregation of the particles during which time the c.v. continually in-

creased. At low concentrations this time effect was absent. Sodium
ferrocyanide had a marked inhibiting action on the coagulating power
of barium chloride which further illustrates its strong peptizing effect.

Preliminary work shows that this reagent is a good dispersing agent in the

mechanical analysis of the soils so far examined.

40. Studies on the laterite and red soils of India, Part V.

A preliminary description of the profile of a few of these

soils.

A. T. Sen, Burma.

The profile of soils in some of the laterite areas in Peninsular, Central
and Eastern India including Buchanan's laterite soils of Malabar has
been examined. A distinction may be drawn between profiles developed
under more or less dry weather with evenly distributed rainfall and those
developed under alternating wet and dry periods. In the former case

red loam seems to be formed as evidence of intense decomposition leading

to complete separation of the sesquioxides is absent in the profile whereas
in the latter caee laterization appears to take place. The profile charac-

teristics of laterite soils in India so far observed cure
: (i) disintegration

and decomposition of rock and soil material to a considerable depth, (ii)

light red colour of the soil material in the surface horizon, (iii) slightly

acid reaction of the surface horizon passing into neutral or even slightly

alkaline reaction in lower horizons, and (iv) a tendency to formation of

honeycombed iron crust in the surface horizons.

(B) Chemistry

41.

Analysis of the organic matter fraction of soils and of

manures mixed with soil.

C. N. Aoharya, Bangalore.

The present methods for determining the various fractions of soil

organic matter, e.g., Waksman's are shown to be empirical and to yield
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results which carry no chemical significance. The methods which have been
developed for the analysis of the structural constituents of plcmt materials
e.g., cellulose, li^in, furfural yielding compounds, etc. are found to be
not directly applicable to soils and materials containing soils.

The paper reports a procedure for overcoming the interference due to
the presence of soil in the estimation of the following fractions of soil

organic matter :—(i) Alcohol-Benzene extract, (ii) Uronic acids, (iii)

Pentosans, (iv) Cellulose, and (v) Lignin.
Uronic acids are determined by treatment with 12% HCl and estimat*

ing the CO2 evolved and making an allowance for the CO2 evolved from
carbonates present.

The total furfuraldehyde yield is obtained by steam distillation with
12% HCl in presence of staimous chloride according to the procedure
outUned by the author for soils and subsequent precipitation with phloro-
glucinol. The pentosans are calculated after making an allowance for the
furfuraldehyde evolved by the uronic acids present. *

Cellulose is determined by alternate extraction of the soil with acid-

hypochlorite and alkali-sodium sulphite till no brown colour is obtained
on the addition of the latter reagent. The carbon content of the residual

soil is determined and the cellulose calculated by multiplying with the
factor 2*45.

Lignin is estimated by treatment with 72% H2SO4 for 16 hours at

15-20®C, and multiplying the residual carbon content with the factor

J-65.

The procedure has been found to yield satisfactory recoveries of
added plant constituents. Analytical data for different types of soils and
manures are given.

42. Comparison of methods for the estimation of furfural yield

of soils and manures.

C. N. Acharya, Bangalore.

The present paper reports a comparison of the bromine titration

method and the gravimetric phloroglucinol method for the estimation of
the total furfural yield of soils and manures.

The kinetics of the furfural -bromine system have been examined
and it has been shown that Powell and Whittaker’s relationship, viz.,

1 mol. of furfural == 4 atoms of bromine, at the end of one hour, is empirical
and subject to variations due to temperature, concentration of reactants,

etc. PowoU and Whittakar’s method, if carefully followed, gives results

agreeing with the phloroglucinol method for plant materials.

In the case of soils and manures mixed with soil, however, low results

are obtained by both the methods, due to the presence of oxidizing agents
such as ferric and manganese compounds and nitrates in the soil, which
apparently oxidize a portion of the furfural during the course of distilla-

tion with 12% HCl. The addition of stannous chloride, in regulated
amounts, serves to reduce such oxidizing agents and yield the proper
recovery of furfural.

In the presence of stannous chloride, however, appreciable amoimts
of hydroxy-methyl furftiral are evolved which go to increase the * apparent
furfural ’ yield as determined by bromine titration. In the case of phloro -

glucinol precipitation, the portion of the precipitate due to hydroxy-
methyl-fmfural can he separated by treatment with boiling alcohol in
which it is soluble, and thus correct values corresponding to fuHuraldehyde
alone could be obtained.

Hence it is concluded that for the estimation of the furfural yield of
soils and plant residues or orgamc manures in the presence of soils the
SnCl2—^phloroglucinol method is preferable to the bromine titration
method.
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43. A study of the decomposition products of calcium cyanamide
in relation to the lag-period during its nitrification in

some Indian soils.

N. V. JoSHi and H. D. Singh, New Delhi.

The mechanism of cyanamide decomposition in three Indian soils

was studied with particular reference to the cause of the delay that occurs
between the accumulation of ammoniacal nitrogen and its conversion
into nitrates.

The following conclusions are drawn as a result of this investigation :

—

Cyanamide is decomposed completely within about 3 weeks.
Bicyandiamide is formed from one week to three months accord-

ing to the nature of the soil and contrary to the general belief

is not toxic to nitrifying organisms in the concentration in
which it is present in soils.

The delay in the oxidation of ammoniacal nitrogen is most
probably connected with the water insoluble decomposition
products of calcium cyanamide particularly the one which
is extractable with 1% HCl.

Bicyandiamide, the most refractory of the water soluble com-
pounds in the soils, is ultimately foimd to be converted into

nitrates.

44. Effect of sunlight on the nitrification of ammonium sul-

phate and oil-cake in the soil. Part II.

D. V, Bal and R. S. Krishnamurty, Nagpur.

The observ'ation recorded previously that no nitrification of added
organic or ammoniacal nitrogen takes place m soils containing adequate
moisture and exposed to simlight, has been confirmed.

The process of ammonification in the soil, however, continues even
when it is exposed to simlight.

The absence of nitrification is not due to the death of the soil

mtrifying organisms but is due to their temporary inactivity as a result

of the unfavourable effects produced by sunlight. When soils previously
exposed to sunlight are subsequently incubated in the dark, the nitrifying

organisms slowly recover from the ill-effects of sunlight and begin to

function in a normal mamier.
In the case of soils receiving the lower dose of nitrogen, there was

neither any appreciable loss nor gain in the total nitrogen content of the
soils after they wore incubated for a period of 27 weeks (15 weeks of
partial sunlight and 12 weeks in the dark). In the case of soils receiving

the higher dose, there -was however a loss of nitrogen to the extent of 3 to

7 per cent, during the exposure of the soils to sunlight, but no further

loss took place when they were subsequently incubated in the dark.

45. On the nature of red and black tropical soils.

S. P. Rayohaxjdhubi, Dacca.

In tropical countries, red and black soils occur in neighbouring local-

ities, under apparently the same geological and climatic conditions. From
the point of view of soil genesis it is not easy to e^lain the mechanism of
the formation of such soils. A detailed examination of the physico-
chemical properties of such soil types at different layers of the profile

is necessary. Such investigations were carried out at the Rothamsted
Experimental Station with a number of typical soil profiles, kindly supplied
by the authorities of the Makwapala and Bomira Bay Cotton Stations
of the Kyasaland Protectorate of Central Africa. Beterminations were
made of the idlica-sesquioxide ratios and of the contents of free silica,



226 Abstracts, (18)

free alumina and free iron oxide in the clay fractions. The base com-
bining capacities, C/N ratios as also the general physical properties of the

soils have been studied. The general conclusion drawn from the above
experiments is that although it is not possible to offer an adequate inter-

pretation of the origin of the contrasted soil types, it appeeirs that the

major differences are in the state of the organic matter and of the iron

compounds. This may be produced by differences in the drainage con-

ditions.

46, Usefulness of soil solution examination in plant nutrition

problems.

H. N. Mtjkbrjeb. labour.

(Through T. J. Mirchandani.)

The availability of plant nutrients from the soil, when it is treated with
organic manures (F.Y.M. and Green manures) or is simply heated, is in-

vestigated by a detailed study of the soil—soil solution—^plant system,
for two crops, barley and paddy. Each treatment is judged by two tests

of availability : (i) the amount of nutrients appearing in the soil solution,

and (ii) the amoimt of nutrients removed by the crop, the former indicating

the power of the soil complex to transfer nutrients to the soil solution,

over any length of time, in face of the continuous withdrawal by the
plant, and the latter showing the actual amoimt of nutrients that are
available from the point of view of the plant. These taken together
have given a complete picture of the whole growth process and provided
a basis for the interpretation of the data that might be obtained in the
future soil solution studies.

The soil solution was examined for organic nitrogen, ammonia, nitrate,

phosphate, (organic and inorganic forms), potash and the analysis was
done by the micro-chemical methods. The relationship of the concentra-
tion of the soil solution and the plant growth has been established.

The work was carried out at the Imperial College of Science, London.

(0) Micro-Biology

47. Cellulose decomposition by a new organism growing in

association with other organisms commonly occurring

in soils and manures.

N. V. JosHi and S. C. Biswas, New Delhi.

During the course of invostigation of enricliment cultures made for
studying cellulose decomposition from the following materials : (i)

rotting pax)er, (ii) cowdimg, (iii) leaf mould manure, (iv) soils from Pusa
and Delhi, and (v) horse dung, it was found that the cultures made from
single colonies capable of decomposing filter paper in nutrient solution
Were ‘ mixed cultures ’ developing into yellow or reddish colonies. These
mixed cultures would not yield pure cultures when grown on cellulose
agar or ordinary agar, but starch agar could sepsirato the mixed cultures
into pure cultmes which include one organism common to aU, associated
with either a ‘ yellow * or ‘ red * growth.

This organism common to all the mixed cultures decomposes cellulose
only when growing in association with some other organisms commonly
occurring in soils or manures. This peculiarity distinguishes it from other
cellulose decomposing organisms.

The morphological, cultural and biochemical characteristics of the
organic and the two other organisms associated with it, the products
of their metabolism, and the quantitative dissolution of cellulose and
nitrogen consumption as well as the nitrogen fixed by it in association
with azotobaoter, have been studied and described in the paper.
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Manures and Fertilizers48.

Role of manganese in soil fertility.

C. R. Habihara Iyer and R. Rajagopalan, Bangalore.

Previous researches by the authors have shown that chemical oxidizers

such as manganese dioxide or permanganate fm^ction indirectly as fertilizers

in the soil. They hasten the decomposition of organic matter and increeise

the availability of plant food.

Bocent studies have shown that even soluble salts of manganese,
such as the sulphate, produce sinular effects when applied in moderate
quantities. It has been found that the soluble manganese soon passes

into the insoluble condition and is present chiefly €ks the dioxide. The
latter occurs in finely divided condition so that the treatment is m some
respects even more potent than direct application of manganese dioxide.

These and rtdevant observations would show that although manganese
salts may exert an ionic effect in culture solutions they behave vory
differently in the soil.

49.

Dissolution of bone by fermentation of cane molasses.

T. R. Bhaskaran and B. C. Pillai, Bangalore.

Studies oil the mechanism of dissolution of bone by fermentation
\vith cane molasses have shown that the organic acids formed in the
medium react with the insoluble phosphate in bone according to the
equation ;

Ca3(P04)2+4 X COOH;?iCaH4(PO4)2+20a( X 000)2
Evidence has been adduced to show that the dissolved phosphorus exists
in the medium in a water soluble condition.

Tho main factors that control the adoption of the above principle
in tho preparation of a water soluble phosphate fertilizer from bone have
been studied. It has been shown that the percentage dissolution depends
on (i) the partiide size of the bone, (ii) the concentration of the acids
formed in the medium, and (iii) the reversible natuie of tho reaction.
The products of reaction of the acids with the tricalciiim phosphate being
largely water soluble does not permit a complete quantitative reaction
in the forward direction.

The theoretical significance and the practical importance of the above
observations have been discussed.

50.

Production of the mixed calcium «alta of organic acids from
cane molasses for fixation of nitrogen in the soil,

T. R. Bhaskaran and S. C. Pillai, Bangalore.

Previous studies by the authors have shown that the products of
decomposition of cane molasses—chiefly the mixed orgcmic acids—^when
applied to soil serve as a highly potent energy material for fixing atmos-
pheric nitrogen.

The factors that control the large scale conversion of molasses into
these acid products have been studied. A simple method of conducting
the fermentation has been described. The procedure consists in mixing
molasses with soil and conducting the fermentation in pits under ansBrobio
conditions. By the above procedure it has been possible to obtain a
final product containing 10 per cent, organic carbon. The nitrogen
fixed when the product is applied at the rate of 5 tons per acre would
correspond to 2 owts. of ammonium sulphate.
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51. Experiments on the green manuring of soil with sanai

{Crotolaria juncea) with its effect on the nitrogen and
nitrate fluctuations of the soil and the yield and quality

of the succeeding sugar-cane crop.

B. N. Pbamanik^ Shahjahanpur.

The paper deals with sanai as a manure for sugar-oane crop.

52. Studies in soil fertility.

A. L. Sundae Rao, Allahabad.

In the course of his experiments on the utilization of molasses as
fertilizer the author made a systematic study of the physical and chemical
properties of soils from fertile and infertile regions of the same tract in
cane growing areas.

It was observed that the major chemical constituents did not differ

much while the colloid content was different in the two types of samples.
Absorption of water vapour was also markedly different at aU the relative

humidities at which experiments were done. An interesting fact was
observed while studying the soil-water relationships viz., that the dehydra-
tion of soil colloids was partly irreversible. Sods subjected to alternate
heating and wetting lose their powers of absorption of water vapour to

a certain extent.

In view of the fact that the importance of trace elements like Mn,
Ti, and Zn in promoting plant growth has generally been recognized, a
new method of detecting and estimating these trace elements by the
S{Mctrograph has been developed. The arc spectra ofmany representative
soil sampl^ were photographed and examined. Besides the elements
which can be detected by chemical analysis as well, the trace elements
Zn, Ti, Mn and B could be detected and identified, while Be is suspected
in a few. The Mn content of the majority of fertile soils was found to
range from 0*04 to 0*16 per cent, while the value of Zn ranged from 0*03

to 0*06 per cent.

53. Effect of growing berseem on tlie nitrogen level in the soil.

T. J. Miechandani, Sabour (Bihar).

Changes in the soil nitrogen as a result of growing berseem have been
studied under the field conditions at Sabour, by analyzing the soil samples
every month during the growth of the crop. The two years* work has
shown that there is an increase in the soil nitrogen, corresponding to 150 lbs.

of nitrogen per acre from October to January and then a gradual fall to

almost original level in May. These changes are confined to the first

foot, the lower layers were found to bo unaffected.

The January sampling corresponds to the second cutting of berseem
and the May one to the final (sixth) cutting. i/The results indicate that
the fixation of nitrogen by berseem takes place up to the time of second
cutting, after which the crop draws its nitrogen supply from the soil.

Dr. Mackenzie Taylor reports similar results from Egypt, y

The laboratory observations are supported by the results at the Kanke
farm where the soil, after allowing berseem to seed* was so exhausted as
to necessitate a manurial dressing in the ensuing season. It was gJbo
noticed that a dressing of nioiphos to berseem after March produced an
extra cut of fodder.

Berseem is findiog a place in the general crop rotation in many parts
of India but its value as an enricher of soil nitrogen is limited by t^e
observations made in our investigation.
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54. Plant-food requirements of calcareous soils, Part I.

Optimum requirements of phosphorus for Pusa calcareous

soils.

S. Das, New Delhi.

(Communioated by B. Viswa Nath.)

Both pot and held experiments carried out with basal dressings

of nitrogen and potash showed that the application of 60, 70 and 80 lbs.

of P2O5 per acre as precipitated calcium phosphate yields the maximum
crop production of oats, ragi {Eleusine caracana) and mustard respectively
in caJccueous soils and meets the optimum phosphate requirements of
these soils for the above crops.

The results obtained were statistically tested and found to be highly
significant.

The examination of available phosphoric acid of the soil samples
to which were added increasing doses of P2O5 as precipitated calcium
phosphate varying from 25 to 400 lbs. per acre, showed that the values
obtained with the author’s potassium carbonate method were significantly

related to the crop yields of ragi up to the limit of 75 lbs. of P2O5 per
acre. Hence 0*0051 per cent, of available phosphoric acid of a calcareous
soil resulting from the application of 75 lbs. of P2O5 per acre corresponds
to the maximum crop production.

On the other hand, the values of available phosphoric acid obtained
with the Dyer’s citric acid method did not yield such significant results

as abov’'0 and failed to corroborate the crop yields.

The examination of the mechanism of assimilation of important
food materials by the growing crop from the soil and the fertilizers applied
showed that the P20 r, content of the ragi grain increases appreciably
with the increasing phosphatic treatment, while the nitrogen content
remains almost steady. Its potash content does not, however, show any
appreciable variation.

55. Responses of sugar-cane to different nitrogenous manures.

P. V. Ramiah and T. Varahitlij, Coimbatore.

The influence of castor cake, farm yard manure, ammonium sulphate
and groundnut cake on two cane varieties, Co. 213 and Co. 421 was studied
in pot cultiues. The indications are : (i) that castor cake €uid farm yard
manujo appeeur to increase the numter of tillers and to hasten their
formation ; (ii) that ammonium sulphate delays tiller formation ; (iii)

that for every variety there appears to be a minimum vegetative growth,
before the attainment of which, no tillers would appear, and the magnitude
of this minimum varies with treatment, and (iv) that the primary shoot
and its tillers exercise a mutual adverse influence on each other’s growth.
This indicates the desirability of removing the superfluous and late formed
tillers, so as to avoid the presence at harvest of canes of widely varying
degrees of maturity. Manuring with castor cake and farmyard manure
helps to this end. Field scale experiments are proposed to he carried out
to verify these indications.

66. Value of manuring sugar-canes in Assam.

L. N. Phukan, Assam,

A combined varietal and manurial experiment with three varieties

viz., FOj. 2714, Co. 213 and Teli (a local cane) and three manure
treatments viz., no manure, 125 mds. cowdung and 250 mds. cowdung,
per acre was conducted for two years both in plant an I ratoon canes.
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In the plaiit canes, POJ. 2714 and Co. 213 behaved similarly and
were distinctly superior to Teli. The yield of crop increased almost
proportionately to the increasing doses of manure.

In the ratoons, Teli was found to bo distinctly inferior to POJ. 2714
and Co. 213, as before. Without further manuring, POJ. 2714 and Co. 213
behaved similarly as they did in plant canes but with increasing applica-

tions of cowdung, Co. 213 gave significantly higher yields than POJ. 2714.

The residual effect of manures was also more prominent with Co. 213
than with POJ. 2714.

The experiment clearly indicated that Co. 213 was more suitable to

poor soils and to cultivators who are unable to manure their crop

adequately.

POJ. 2714 possesses a higher sucrose content but requires moie
manuring and is suitable to rich virgin soils and intensive cultivation.

The necessity for manuring the sugar-cane crop is clearly sho^x where-
by the normal yield of the crop in the province can be considerably

increased.
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1 . Acridin X in the treatment of monkey malaria.

H. E. Shortt and K. Padmanabha Menon, Guindy.
An antimalarial drug said to be ‘ akin to atebrin ’ was submitted to

us by Sir Upondraiiath Brahmachari for clinical trial in monkey malaria.
A senes of experiments was carried out on monkeys infected with

Plasmodium knowlesi comparing the action of the drug with that of atebrin
for injection.

The effect in sterilizing the peripheral blood, the cuie rate, and relapse
rate of the two drugs were compared.

The results of the experiments showed the two drugs to be identical

in their action on P. knowlem and the presumption is that acridin X, if

not identical with atebrin, is derived from the same base.

2. Treatment of blackwater fever.

K. V. Krishnan and N. G. Pat, Calcutta.

The work of Krishnan and Pai on monkey hsemoglobinuria had sug-

gested that at least three conditions have to be satished before hsemo-
globinuria can occur, namely, a lowering of freo-cholesterol, a damage
to the liver, adrenals and rtiticulo-endothelial system and an excessive

production of imsaturated fatty acids. On the basis of this theory
attempts were made to correct those changes if possible and see how far

they influenced the incidence of haemoglobinuria. Fairly satisfactory

results were obtainerl in monkeys through treatment with a combination
of glucose, ascorbic acid and cortin. A combination of cholino hydro-
chloride and quinine also gave encouraging results. It is suggested that
these may bo of value in the treatment of human blackwater fever. A
few preliminary trials have given encouraging results.

3. The evolution of and the present position regarding the

treatment of hookworm infection.

P. A. Maplestone, Calcutta.

A general discussion is given on the drugs of use in treating hookworm
infection, and the history of their introduction is outlined.

The methofls of estimating the efficiency of drugs in treating this condi-

tion arc considered.

The recognized drugs are comparetl from various points of view,

such as efficiency, toxicity, ease in dispensing and price, and the conclusion

is reached that tetrachlorothylene is the best if all the above points are

taken into consideration.

4. A note on the treatment of epidemic dropsy by a stock

vaccine containing an organism isolated from the stool.

C. C. Basit and Anil CHAtrDHiTRi, Calcutta.

The paper deals with epidemic dropsy cases ti-eated with vaccine

containing a non-lactose fermenter. The organism wai isolated from
stool and found to be pathogenic to animals,

{ 231
)
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The authors report that vaccine treatment with organisms of the

salmonella group gives encouraging results in epidemic dropsy cases.

6.

Treatment of filarial lymphangitis.

S. SuNDAR Rao, Calcutta.

Filarial lymphangitis is a common manifestation of filarial infection

in endemic are€U9 and is caused in most cases by secondary infection. In
its mildest form the inflammation does not last for more than 2 to 3 days
and does not generally call for any treatment. When the attaek is more
severe it causes acute suffering and in some cases ends fatally. A number
of drugs such as carbonactyl, proseptasine and solusexjtasine and prontosil

have been tried in these oases and f^he results are reported. The effect of
anti-streptococcal serum treatment is also discussed.

6. Effect of malarial toxin on filarial infection.

S. SuNDAR Rao, Calcutta.

Observations on artificially induced malaria of both human and
monkey strains on hlarial patients have been made and the results are

discussed. A decrease in the microfilaria-count is noticed immediately
after the malarial infection develops in the system but the effect is

only temporary. The microfilaria-count reaches its original level as soon
as the malarial infection dies out. The significance of the results with
respect to the presence of both malarial and filalrial infections in this

country is discussed.

7. Chemo-therapeutic study on streptococcal infections.

kS. P. De and U. Bastj, Calcutta.

p-amino-benzene-sulphonamide is usually administemd in large doses,

which is often difficult and sometimes leads to toxic effects. For this,

several derivatives of the type, NH2 . C6H4 . SO2 NHR, R = 8-quinonyl,
6-methoxy-8-quinonyl, S-diethylamino-butylamine and p-anisyl, have
been prepared and their actions on mice infected with a particular dose of
streptococcus hscmolyticus have been studied. But no compound is found
to possess a better bactericidal property. The first two derivatives are
too toxic, whereas the butylamine derivative has no specific action even
in vitro. Their acetyl derivatives are less efficacious. This with the
observation of Marshall that sulphonamide is partly converted in vivo
to acetyl derivative possessing a lesser activity indicates ‘that to be an
ideal drug, the compound must bo R NH . CeH4 . SO2 R^. where R would
not lower down the efficacy of the drug and R^ would help the com-
pound to exert its full therapeutic effect.

8. Chemical constitution and haemostatic action of ooumarins.

P. K. Bose, P. B. Sen, and K. Chakraverty, Calcutta.

A number of synthetic compounds allied to ayapanin (7-methoxy-
coumarin) and ayapin (6 ; 7-methylene dioxyooumarin) have been pre-
pared and their effects on the clotting time of blood have been observed.
The replacement of methoxy group of 7-methoxy-coumarin by higher
alkoxy ^oups diminishes or completely suppresses the hesmostatic action,
Aesculetin dimethyl ether is active but not scopolin. Many other natural
coumarins, such as psoralin, angeleoin, imperatorin (marmelosin), xantho-
toxin, etc. have been found to be devoid of any hesmostatio properties.
Ayapanin and ayapin have great possibilities as haemostatics.
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Some recent observations on the protective value of plague

vaccines.

S. S. SoKHBY, Bombay.

Using tho standardized quantitative methods recently described by
the author for measuring the virulence of strains of Past, peatie and for

measuring the protective value of plague vaccines further observations
have been made. Protective value of broth and agar vaccines has been
compared. The effect of temperature of incubation of plague oultiires

and the effect of temperature of killing cultures on tho resultant vaccines
have been measured. Heat-killed vaccines made from virulent strains

have been compared with live vaccines made from non-virulent strains.

10. A new antiplague serum.

S. S. SoKHEY, Bombay.

The preparation of a new antiplague serum is described. New
laboratory tests for measuring the value of an antiplague serum have
been developed and the results of tho animal tests are presented.

11. A new antityphoid serum.

H. Ghosh, S. K. Bose, and S. M. Mukherji, Calcutta.

An antityphoid serum was obtained from horses immunised with a
toxin prepared by culturing Boat, typhosus aneerobically in highly alkaline
broth. It was found that the serum thus obtained has got a very high
agglutinating titre (1 in 8000) presumably due to the presence of a large

number of autolyzed bacteria in the toxin. Antit3q)hoid serum was also

prepared by injecting typhoid bacillus grown on solid agar. Protection
test showed that the serum obtained by immunization with filtered toxin
could protect the animal against 3 to 4 minimum lethal doses while the
serum prepared with simple typhoid vaeciiie could hardly protect the
animal against 2 minimum lethal doses.

Six cases were so far treated with tliis antityphoid serum. In the
case not^s are shown tho result of treatment by serum. Only one
intraperitoneal injection of 75 c.c, of the serum diluted with 200 c.c.

of sterile normal saline was given in each case. In all oases the serum
was given on the 10th or 11th day of illness and the temperature became
normal on the 16fch or 17th day. Toxaemia disappeared entirely after

serum injection in each case.

12. The applicability of collapse-therapy at the out-patients’

section of a city hospital.

A. C. Ukil and K. N. De, Calcutta.

An attempt has been made to estimate the effect and the possibilities

of relaxation-therapy in pulmonary tuberculosis as carried on in the
out-patients’ department of a city hospital. From July 1931 to June
1937 nearly 1,000 eases had undergone artificial pneumothorax, 250 cases
phrenic evulsion and 3 cases thoracoplasty.

The paper discusses the difhculties of treating these ambulatory
cases and keeping them under control. It has been observed that a fair

measure of improvement hcts been obtained in advanced bilateral cases.

A statistical comparison has been made with the results obtained by
sanatorium treatment and it has been observed that nearly 70% of the
cases thus treated, showed positive results. Under the circumstances, a
plea is made that district hospitals and similar well-equipped institutions
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may introduce the modern methods of diagnosis, treatment and follow-up
for oases in semi rural and rural areas.

13. Herpes Zoster. Experiments with tissue lysate as a thera-

peutic agent.

L. M. Ghosh, Calcutta.

Forty cases of herpes zoster have been treated with intradermal
injections of tissue lysate prepared from the herpetic vesicles and the
results have been uniformly successful in relieving the pain and cutting
down the duration of the disease. The technique of preparation of tissue

lysate is simple and it would be possible to prepare it on a commercial
scale.

14. Malaria treatment and its effects on the histopathology of

the brain in general paralysis of insane.

C. C. Saha, Calcutta.

The pathological findings in general paralysis of insane (not treated by
malaria)—compensatory hydrocephalus, pachymeningitis haemoiThagica,
decortication, frosting of the floor of fourth ventricle, leptomeningitis and
perivascular cuffing showing deposit of lymphocytes and plasma cells,

degeneration and disappearance of cells of cerebral cortex, presence of
spirochaetes and paralyse-iron. focal demyelination, neuroglial prolifera-

tion and conversion of microglia to rod cells have been described.

Treatment of general paralysis of insane is described with special

roference to pyrotherapy specially the malaria inoculation. Modes of
infection, course of the infection and its care, dangers, contraindic^ations.

results of treatment and its mode of action are also described.
The changes found in the brain after malaria treatment have been

described with special reference to the absence of spirocheetes and the
absence of iron particles.

*

The possibility of a correlation between these two factors, namely,
whether the presence of iron particles is due to the slight continuous
haemolytic activity of spirochaiteB—direct as in cases of paroxysmal
haamoglobinuria or indirect as in cases of haemolytic jaundice is discixssed.

15 . Neuro-dermatitis.

G. Panja, Calcutta.

Clinical features of the disease, its diagnosis, prognosis and treat-

ment are discussed, and a new idea as to its pathogenesis is advanced.

16. Allylisothiocyanate in relation to epidemic dropsy.

K, B. Lal and 8. C. Roy, Calcutta.

(Indian Research Fund Association.)

The authors* previous studies on the aetiology of epidemic dropsy
have pointed towards the conclusion that the disease as commonly met
with in epidemic form in Bengal, Bihar, and Assam was caused by the
ingestion of an unknown poisonous substance, conveyed through the
agency of mustard oil.

The problem was approached from three aspects: (1) The loss of
allylisothiocyanate suffered by oil in the process of cooking or otherwise
heating the oil whether present naturally or added artificially. It was
found that ninety per cent, or more of the essential oil was lost. (2) The
effects of large doses of allylisothiocyanate, mixed with oil, on laboratory
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animals. No symptoms resembling epidemic dropsy were produced by
this means. (3) A comparison of the allylisothiocyanate content of the
oil used in human experiments and that used by certain families in which
no ill effects were observed. The results suggested that the oil associated
with epidemic dropsy was not particularly rich in the essential oil. The
authors are unable to support the view that allylisothiocyanate was the
factor responsible for producing symptoms resembling epidemic dropsy.

17. Coronary occlusion.

J. N. Maitra, Calcutta.

18. Allergic diseases and the method of preparing extracts for

their diagnosis and treatment.

C. A. Eothenheim, Bombay.

The paper describes various allergic diseases. Diabetes and allergic

disease combined in the history of a family are communicated. The
manufacturing of allergic extracts for diagnosis and therapy is thoroughly
described.

19.

Observations on scorpion-sting and snake-bite.

U. P. Basu, Calcutta.

The author observ^es that no death is reported from scorpion-sting in

India. He reports 1 9 cases ofscorpion-stings admitted into Calcutta Medical
College Hospitals from 1928 to 1937, of which 13 were children below 10
years of age, the mortality being 38*5%. During the same period 27 cases
of snake-bite were also admitted between 12 to 45 years of age, twenty of
which were viperine and five colubrine. The death-rate was 60%, Com-
paratively lesser number of admissions of scorpion-stings among adults
was due to less severe symptoms in the adults than in children.

Snake-bites manifested classical symptoms of the two types.

Scorpion-bites had excruciating pains immediately and some hours follow-

ing bite and manifested allergic symptoms of headache, giddiness, nausea,
vomiting, profuse perspiration with chill, followed often by unconscious-
ness. The extremities were cold, temperature subnormal, pulse feeble and
fluttering, heart sounds muffled. There was fever in some cases. In
fatal cases respiration was hurried and majority died from oedema of the
lungs. Scorpion was identified to belong to Buthidse family, Species
Tamulus.

In snake-bites local infiltration with gold chloride and Kasauli
antivenene intravenously were given. The poisons of different kinds of

scorpions differ quantitatively and qualitatively. The present-day treat-

ment of poisons of scorpion-sting and snake-bifo is unsatisfactory. The
author suggests preparation in India of anti-scorpion serum like ‘ Todd’s
Egyptian scorpion sorum ’ and a better form of treatment for snake-bite.

20.

Study of electrocardiographic tracings of fifty cases of

epidemic dropsy.

P. Gakgxhi, Calcutta.

Electrocardiographic studies of 50 oases of epidemic dropsy show
oertain interesting variations from normal ciu'ves, the most important
being that of T waves in the third lead.
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21. The absence of effective immunity after cure of protozoal

infections.

H. E. Shobtt, S. R. Pandit, K. P. Mbnon, and C, S. Swaminath,
Guindy.

The opinion of protozoologiste is coming more and more towards
the conception that the mechanisms of immunity against protozoal
infections are essentially the same as those brought into action against
bacterial invasions.

The object of the present investigation was to determine whether
the relative immunity (premunition) present in chronic or low grade
infections with protozoa would disappear completely with parasitic

sterilization of the host.

The protozoa ex^rimented with were Bdbema cania^ the cause of
tick fever of dogs, JPlaamodium knowleai and Phismodiurrr cynomolgi,

parasites of monkey malaria.

The plan followed in the experiments was to infect animals with
these various parasites, allow some to develop chronic or latent infections

and oxae the remainder to the degree of complete parasitic sterilization.

The chronically infected animals and those which had been cured
were then inoculated with homologous strains of the parasites originally

used to infect them and the results compared.
In general it was found that animals carrying latent or chronic

infections with the protozoal parasites being investigated were immune
to super-infection. On the other hand those which had been cured to
complete parasitic sterility had little or no residual immunity and were
as susceptible to reinfection as normal animals.

22. The rdle of antibodies in kala-azar.

K. V. Kbishnan, Calcutta.

An investigation was conducted to find out whether the presence
of specific antibodies to L. donovani was capable of modifying the course
of leiahmania infection in mice and if so what pari these antibodies played
in the mechanism of cure and resistance to the infection. The results

indicate (1) that antibodies are formed both as a result of inoculation of
leishmania vaccine as well as during the course of infection ; (2) that
antibodies are capable of lysing extra-cellular leishmania in vitro and
possibly also in vivo but not intracellular leishmania ; (3) that as leishmania
are present intracellularly in the body of the host, antibodies fail to destroy
them until the host cells are destroyed and the parasites are liberated

;

(4) that the evidence suggests that specific antibodies are of some import-
ance in overcoming infection but they do not explain the whole process
of immunity and cure in kala-azar.

23. Chemical and serological variation in single-oell cultures of
Vibrio cholerm and related organisms.

R. W. Linton and S. C. Seal, Calcutta.

(Indian Research Fund Association.)

In continuation ofprevious work on variation in the vibrios the authors
have now made a study of single cell cultures. Beginning with a strain
having certain cultural, biochemical and serological characteristics and a
certain chemical structure, they have shown that it is possible to produce
from it a strain having entirely different characteristics and a different
chemical structure. l%e new strain falls into a different chemical group
from the old and its characteristics are those of the new group in toto.

In other words, the changes which take place are correlated and not
haphazard
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Wiile variation in chemical structure appears to be fairly frequent in
the vibrios, it is to be emphasized that the organisms in variation always
remain within the framework of two proteins and three polysaccharides,
which are common to the vibrio group as a whole. The conception is

that of a strictly limited power of transfonnation.
Since in the present experiments all the organisms in a given strain

were descendants of a single cell, it is suggested that the variants which
arose were the result of changes in enzymatic activity within the cells

themselves, leading to variations in synthesis of the cellular constituents,
and thus to changes in the structure, and in the biochemical, serological
and cultural characteristics of the strain as a whole.

24. Protein fractions of oedema fluids in epidemic dropsy.

R. N. Chopka and S. N. Mukheejbb, Calcutta,

The protein concentration in oedema fluids in epidemic dropsy is

not high but it is sufficient to confirm the damage of capillary permeability
(as concluded from other experiments) in the light of the findings of
Salvesen and Linder and Gova?rt8. Both albumin and globulin escape
from blood into tissues due to the increased permeability of capillaries,

but albumin comes out in greater amount. The globiflin to albumin
ratio is remarkably constant in the oedema fluid showing thereby that a
proportionate amount of globulin always comes out along with albumin.
The slightly higher value of this ratio compared to that of aqueous humor
in epidemic dropsy glaucoma can be explained. The amount of albumin
in cedema fluid caimot account for the loss of albumin from the plasma.
It therefore seems probable tlxat albumin becomes depleted in epidemic
dropsy by its toxin.

26. Adsorption of antigens by antibodies or vice verm,

B. N. Ghosh and N. N. Ray, Calcutta.

It has been reported by several workers that diphtheria antitoxin
concentrated by precipitation with sodium sulphate, does not give floccula-

tion test when mixed with an equivalent amount of diphtheria toxin.

This problem has been investigated and a method has been evolved by
which such concentrated antitoxin can be made to flocculate, when mixed
with an equivalent quantity of toxin in piesence of electrolytes. The
rate of flocculation of concentrated tetanus and diphtheria antitoxins
by their respective toxins at different pH has also been investigated. It

has been found, that the rate of flocculation is the quickest for the diph-
theria toxin-antitoxin mixture between pH 6*0 and pH 8*0 and for the
tetanus toxin-antitoxin mixture between pH 6*3 and pH 7*2, while above
pH 10*0 none of these toxin-antitoxin mixtures flocculate.

26. The Danysz phenomenon in staphylococcus toxin-antitoxin

reaction.

B. N. Ghosh and N. N. Ray, Calcutta.

The Danysz phenomenon in staphylococcal toxin-antitoxin reaction
has been investigated and it has been found that when the toxin is added
to an equivalent quantity of the antitoxin in two or rmre instalments the

resulting mixture is highly toxic as measured by its dermo-necrotic as well

as, its h«emolytio effects ; on the other hand if the antitoxin is added to

the equivalent quantity of the toxin in several instalments, the mixture
is non^toxio. It has been further observed that when the resulting mixture
is toxic, the toxicity remains unaltered even twenty-four hours after the

addition of the last portion of the toxin.
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27. The chemical nature of tetanus toxin.

D. C. Lahibi, Calcutta.

The possible nature of tetanus-toxin broth was investigated. The
lines of approach were: to study the effect of tryptic digestion on the
toxicity and antigenicity of the toxin broth

; to extract some chemical
fractions from it and to study their toxicity and antigenicity

; to
attempt to grow OlostHdium tetani in protein-free synthetic medium and
to test the toxicity and chemical nature of the filtrate.

The results were ; There was no astounding difference in toxicity and
antitoxin production between the digested and the undigested control.
No antitoxin was formed from the parenteral administration of various
chemical fractions in the rabbits, and they were completely atoxic.
Failure of growth in protein-free (amino acids as well) synthetic media
was noted.

Giving due allowance to the difficulties in investigation dbe to the
presence of ‘ broth ’ molecules in inseparable conjunction with the ‘ toxin *

molecules the plausible conclusions are

—

that the tetanus toxin molecule is not of the natimi of a simple
protein at least not that protein, which is digestible with trypsin ; that
t he tetanus toxin molecule does not bear a split by the processes of extrac-
tion tried in the experiment mentioned, as it loses its properties thereby.

28. The effect of seitz-filtration on hemolysins and the com-
ponents of a hemolytic system

.

A. C. Roy, Calcutta.

Seitz filter is extensively used for effecting the filtration and simul-
taneous sterilization of solutions, culture media and other fluids, where
the more drastic methods of sterilization requiring application of heat
such as autoclaving, etc. cannot be resorted to. This filter while very
effective in producing sterilization in a general way has certain serious
limitations. It has been found that dilute solutions of saponins lose their
hemolytic property when passed through Seitz filU^r. Bacterial hemolysins
(cholera and streptococcus) are similarly affected. Diluted guinea-pig
complement and anti-sheep amboceptor are inactivated by this process of
filtration. Concentrated solutions of the active substances are com-
paratively unaffected. The use of the Seitz filb^r in investigations mlating
to bacterial toxins and when dealing with dilute solution is discouraged.

29. Observations on differentiating Bact, coU and Bact.
aerogenes types of organisms on Levine's simplified
eosin-methylene blue agar as applied to bacteriology of
waters in Bengal.

SuKUMAR Neocb, Khulna.
The author has reviewed the relative significance of the common

types of lactose fermenting bacteria found in tropical waters with special
reference to the intermediate types.

Levine’s modified eosin-methylene blue agar had been employed
with a view to differentiating Bact, coli and Bact, aerogenes simultaneously
for confirming the ‘ presumptive ooli * by inspection of colonies on the
plates. 966 colonies were tested by this way and the results showed that
the differences between these two types of colonies could often be made
out after incubation for 48 hours, but the lesser significant intermediate
types could not always be elimmated. Out of 642 colonies, tentatively
regarded as Bact. coli from their appearances on the agar, 483 colonies
(75 2%) could be confirmed as such by differential tests and 22*6% was
found to be of intermediate types and 3*2% was of Bact, aerogenes types.Out of 324 colonies tentatively regarded as Bact, aerogenes 231 colonies
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(70’0%) could be confirmed as Baet. aerogenea types and 70 colonies
(21*0%) were of intermediate types.

30. Experiments on the spirillum of rat-bite fever.

B. M. Das Gupta, Calcutta.

Experinioatal rat-bite disease has been studied in man and laboratory
animals. Litters bom of infected mice have proved negative for spirilla

nor did they show any evidence of immunity to infection with the disease.
Infection could not be produced in mice by feeding them on urine of
infected animals or food contaminated with it for weeks. Adult mice of
opposite sex were caged together, the male harbouring the specific parasite.
Neither the female nor its offspring was found infected in spite of repeated
and careful examinations.

Experimentally infected himian volunteers gave consistently negative
Wassermann reaction but guinea-pigs infected from these individuals
showed positive reaction.

A comparative study on the prevalence of the spirilla in the blood
and peritoneal fluid of the infected mice showed that the number of the
spirilla in the latter did not diminish to an appreciable extent till the
animal died of the disease or of some intercurrent infection

; wheioas it

was subject to marked fluctuation from day to day in the blood from
which the spirilla might oven temporarily disappear altogether. An
attack of experimentally induced rat-bite fever in man proved absolutely
rofra(itory to further infetdhm,

31. The relation of the parasitic worms of lower animals to
those of man, with si)ecial reference to fluke infestation.

G. D. Bhalkkao, Muktesar.

The paper deals with the trematode infection of man in India and its

occurrence in lower vertebrates. It points out the possibility of detecting
several hitherto imknown infestations of man in India. The possibility
is indicated of dermatitis occurring in man by the schistosome and the
styloi-cercaria. Reference is made to the enormous loss suffered by man
on account of the fluke infestation of the domestic animals.

32. The viability of certain pathogenic micro-organisms in

various fresh fniits of India. The viability of F. cholerm
in water-melon (Citrvllus vulgaris, Schrad., Tarbuz).

F. R. Bharucha and K. H. Bharucha, Bombay.
The coincidence of epidemic diseases with certain fruit seasons in

India and elsewhere led the authors to investigate whether Indian fruits
could act as carriers of infectious diseases. With this aim in view F.
choUroB was experimented with on the water-melon. The investigations
so far carried out and confirmed over two seasons show that V. cholerce

can live in the water-melon under experimental conditions as long as four
days. The results show that the water-melon may act as a carrier of
cholera imder Indian bazar conditions.

33. Investigation on the bacterial flora of dahi (Yagourt)
and the study of inhibitory influence of the different

strains of lactic acid bacilli on Streptococcus, Staphy-
lococcus and Bact, coli,

H. Ghosh, S. M, Mukherji, and S. K. Boss, Calcutta.

Forty-two samples of dahi from different parts of Calcutta were
examined. Variotis t3rpes of lactic acid bacilli were isolated. Pleomor-
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phism of these strains of lactic acid bacillus was a very predominant feature-

Sometimes bacillary form became coccoid. Staphylococoua and Boot, coU

were isolated along with lactic acid bacilli from many samples of Dahi.

Inhibitory influence of these strains upon secondary organisms such as

Bwit. coZi, Staphylococcm and Streptocoocus was observed. Most of the

strains did not inhibit the growth of these secondary pathogenic organisms.

A few of the strains had decidedly ii^bitory influence on Staphylococcus

,

Streptococcua and Bact, coli.

34.

Studies in filariasis in India.

M. O. T. Iybngab, Calcutta.

Present knowledge of the distribution of fllarial disease and of

filarial infection in India is meagre. The relations of the two types of

filarial infection, namely, WuGhereria banorqfti and FUaria mhlayi to the

causation of filarial disease are discussed. The paper also deals with life

histories of the transmitting mosquitoes, the factors which control filarial

endemicity and methods of control.

35.

Distribution of filarial infection in Calcutta.

S. Sundae Rao, Calcutta.

Intensive survey of fllarial infection in the various wards of Calcutta
and suburbs has been carried out. Various factors of infection are dis-

cussed in relation to the actual rate of infection found in the different

wards. The wards lying on the eastern border of Calcutta are the most
heavily infected. The infection is moderate in the wards adjoining the
Hooghly river and Central Calcutta. The disease-rate is much higher and
the relation between the microfllaria-rate and the disease-rate found in

other areas does not hold good. The results of the mosquito survey of
different wards are discussed in relation to the prevention of the infection.

36,

Blood changes in filarial infection.

S. Sundae Rao, Calcutta.

Microfilaria rate in cases of elephantiasis is generally very low. The
reasons for the disappearance of the embryos from the peripheral circula-

tion in such cases are not clearly understood. The block of the lymphatics
in persons with elephantiasis can only partially explain the absence of
microfllarise, as all the lymphatics are not blocked. It is suggested that
antibody develops in oases of lymphangitis as a result of destruction of
embryos and adult parasites ; also as a result of secondary infection. It
is possible that changes in the constituents of blood in the ^eoted persons
are adverse to the life of fllarial worms.

37.

Study of the Eijkman’s test and modification as given by
coUform organisms isolated from human fasces.

R. Banbbjba and A. £. Sen, Calcutta.

A large percentage of citrate-negative organisms isolated from human
fasces fail to give a positive Eijkman’s test as carried out with single
strength Eijkman’s medium.

Double strength McConkey brol^ seeded with the same organisms
and incubated at 44®C. gave a larger number of positive results. Single
strength broth however proved unsatisfactory for the purpose of &e
test.
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38. Response of the ohorio-allantoic membrane of the develop-

ing chick embryo to inoculation with various substances,

with special reference to B, proteus

C. G. Pandit, R. Sanjiva Rao, and H. E. Shobtt, Guindy.

The chorio-allontoic membrane culture technique has been used
extensively for the cultivation of filtrable viruses. With some known
vinises the interpretation of the results obtained presents no great diffi-

culty but, in dealing with material containing a hypothetical virus, much
caution is needed in interpreting the results obtained by this technique.
Thus, it has been shown that physical and mechanical injuries may also

produce appearances not greatly dissimilar to those which are known to
be the product of virus infection. It has even been claimed that such
lesions may sometimes be noted in uninoculated eggs. In this connection
it may be stated that the authors have themselves isolated bacilli both from
the chorio-allantoic membrane and from the heart-blood of chick embryos
in uninoculatod eggs.

Under these circumstances it was considered essential to study the
response of the chorio -allantoic membrane to various substances definitely

known not to contain any virus.

The substances employed in this study belonged to very varying
categories. There were insoluble substances such as keisulguhr, Indian
ink, and aluminium gel ; soluble substances such as copper sulphate,
sodium chloride, glycerine and starch ; species of bacteria and bacterial

filtrates, normal and febrile sera, milk, snake venoms, etc. It was found
that of the inert substances aluminium gel alone produced lesions.

Bacteria, on the other hand, produced lesions not unlike those of virus
infections. An attempt has been made to classify these lesions on a his-

tological basis. In a study of lesions produced by bacteria it was noted
that with some, e.g. B, proteus Xjg and B. typhosus the lesions produced
could be passaged in series by ffitrates of the ground lesions obtained
through gradocol membranes of 0‘7/i average pore diameter. The signi-

ficance of this finding is discussed.

39. Occult hsemolytic streptococcal infection as portrayed by
antistreptolysin titration.

E. H. Kobbnbr and E. P. Podlton, London.

The term ‘ occult infection * may be used where there is evidence
that an organism is associated with a disease ; but cannot bo cultivated
except sometimes in the early stages, e.g. streptococcal tonsillitis.

Antistreptolysin titration devised by E. W. Todd and other immunity
reactions suggest that acute rheumatism is an occult haemolytic disease
and the same applies to rheumatoid arthritis ; we have found that there
is a raised titre in about i of long-standing rhemnatoid cases in a municipal
hospital. By using this method in a number of cases of uncertain astiology

the portrayal of ‘ occult haemolytic infection ’ has been attempted. The
cases may be grouped according to their most striking manifestation

;

(1) continued pyrexia, marked or slight, without rheumatic pains and
not always after streptococcal sore throat

; (2) Erythema nodosmn—about
half the number tested, the others being due to ‘ occult tuberculosis *

;

(«S) Puipura (all the 8 cases tested) thrombocytopenic, rheumatic and
Henoch^—^two associated with acute nephritis; (4) Acute nephritis, 4
or possibly 5 out of 7 cases

; (5) complicating other diseases’—-actino-

mycosis (1); migratory type 4 pneumococcal pneumonia (1); phthisis
and onsemia (1).
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40. A pathogenic strain of Siaphylococcua citraua isolated from
a case of osteomyelitis.

O. Panja, Calcutta.

41. Possibility of identification of extracellular toxin of patho-

genic micro-organisms by alum,

H. Ghosh and S. K. Bose, Calcutta.

In the course of super-immunization by alum-precipitated toxoid of
diphtheria and tetanus the authors observed that the volume of pre-

cipitate obtained after addition of alum varied with different samples
of toxin. It was also noticed that there was a distinct relationship between
the toxicity and the volume of the alum precipitate, i.e. if the toxicity

was lower the volume of precipitate was smaUer. The '^experiment

was repeated with broth culture filtrate of different pathogenic micro-
organisms. It was found that pathogenic micro-o^anisms, which are

supposed to contain only endotoxin, produced very little precipitate with
alum. Changing the hydrogen ion concentration did not affect the volume
of the precipitate by alxrni perceptibly. On the other hand, copious
precipitate was obtained from filtrate of broth culture of micro-organisms
known to produce extra-cellular toxins such as diphtheria and tetanus.

42. Some factors controlling the activity of bacteriophage and
the method and apparatus for ^ling medicinal phials

with bacteriophage suspension as practised in the Bac-

teriophage Laboratory, Government of Bihar,

S. K. Chattbbjbe and L. R. N. S. Deo, Patna.

Gh.0A is the most virulent of all the choleraphages. It is found
in the stool filtrate of the majority of the cholera convalescents and is

mainly responsible in bringing about a cure. The range of action of the
phage should be increased by the process of adaptation. Phage should
be administered to the cholera patients as early as possible. Massive
dose system gives better result than small dose. In cholera epidemics
where Ch.^A does not act on the causative vibrio, phage treatment is

likely to be a failure. After adaptation of Ch.0A the use of the new
phage checks the epidemic at once. Good results of choleraphage treat-

ment in Bihar is mainly due to its rich Ch.^A content and to the massive
dose system.

The method and apparatus for filling ordinary medicinal phials with
bacteriophage suspensions as practised in the Bacteriophage Laboratory,
Government of Bihar cure discussed.

In the authors’ process the liquid is filled into the rubber stoppered
phials by passing directly into the sterilized drum through filter candles
which have been sterilized in the same operation as the drum and its

contents (phials).

43. Prophylactic value of choleraphage.

A. N. Chattbbji, Patna.

In two districts of Muzaffarpur and Pumea in North Bihar cholera-
phage has been exclusively used for seven years in succession from 1931.
During this time which covers the period of a normal cholera epidemic
wave in North Bihar, the wells and other sources of drinking water supply
were not disinfected and hardly a person was inoculated with anti-cholera
vaccine when cholera broke out in the two districts. There has been a
remarkable reduction in the quinquexmial average cholera death-rate per
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1,000 of population during 1931-35 when the districts were treated with
^oleraplmge alone, compared to the previous five-yearly averages from
1900 to 1930.

44. Studies of meningococcus bacteriophage.

B. B. Sen, Calcutta.

Meningococcus phage, when kept for one year in contact with serum,
i,o. when prepared in media containing serum, does not seem to be
deteriorated in action. Action of meningococcus phage is retarded in
vitro at and above the incubation temperature, though the phage does not
die at that temperature. It appears that the meningococcus bacteriophage
dies at and above the temperature of 60®C., and that its action is retarded
or inhibited in intro at and above the incubation temperature, when it

is kept in contact with the living cultures. Thirteen lysable strains were
studied. Clinical results tend to show that in vivo the meningococcus
phage can grow and produce its effects when administered intravenously
although subjected to temperatures equal to or above body temperature.

45. Investigations into the variations undergone by V. cholerce

on passage through flies.

R. B. Lal and S. C. Ghosal, Calcutta.

Much controversy centres round the question of variability of V.
choleroB. Some believe that atypical vibrios so commonly met with in

the environment and other sources may undergo changes in some of their

essential characteristics imder certain conditions and may under another
set of conditions revert to the original condition. Others hold that the
vibrios have fixed characters and that the observed changes are explicable

on other grotmds. Experiments described here refer to certain changes
observed in vibrios by passage through house flies, bred under aseptic

condition with regard to gram-negative organisms and bacteriophage.
Variations were observed in either direction with regard to metabolic
characteristics and chemical constitution of vibrios. These were how-
ever not accompanied by other biochemical or serological changes. Signi-

ficance of these observations from the epidemiological point of view is

^disctissed.

46. Sero-positive reaction for syphilis in leprosy.

R. Banebjea, Calcutta.

Kahn’s test and Meinicke test of sera from 123 cases of lepers with
no history and clinical manifestation of syphilis were simultaneously
performed. 42*2 per cent, of these oases gave positive Kahn and 31*7
per cent, gave positive Meinicke reaction. The need for investigating the
production of sero-positive reaction for syphilis in non-syphilitic lepers is

stressed.

47. Studies on the extent of bacterial contamination of the
atmosphere of big cities like Calcutta.

H. Ghosh and S. M. Mukhbrji, Calcutta.

Air collected from 29 different places of Calcutta was examined.
Generally aerial Staphylooocous, Fungus, Lactic acid bacillus and
Coccus, jB, siibtUis, Chr, prodigioaus, di]^theroid9, etc. were found. The
number of pathogenic micro-organisms was found to be very few.
Attempt to culture Tubercle bacilli of the air was not successful due to
overgrowth of fungi.
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Average number of micro>oiganisms present per litre of air was found
to be about 8,376. An individual living in the city of Calcutta inhales

about 108,540,000 micro-organisms per day (in 24 hours).

Though most of the micro-organisms are non-pathogenic yet it was
found that the autolyzed micro-organisms could produce irritation of the

skin after intracutaneous injection.

The work is being continued to determine the seasonal variation of

the number and flora of the micro-organisms of the atmosphere of the

city of Calcutta and its suburbs.

48. Parasites of Anopheles mosquitoes in India.

M. 0. T. Iybngae, Calcutta.

Parasites of Anopheles in India are (1) mites, (2) culicoides, (3)-

coelomomyces, (4) microsporidia, and (5) mermis. The flrst-mentioned
two parasites are ectoparasitic and do not cause any serious injury to the
host. The others which €ire endoparasites cause fatal results in the
infected host. The life-histories of these parasites and their importance
in the natural control of Anopheles are discussed.

49. On a malarial infection in a paddy-bird.

B. C. BAStj, Calcutta.

A plasmodium of the paddy-bird is described. The infection is easily

treunsmitted from one paddy-bird to another by blood inoculation.

Sparrows, crows, domestic fowls and canaries are not susceptible to this

infection.

The course of the disease is considerably severe, the mortality being
66*6%. After an average incubation period of 7*42 days (varying from
2 to 20 days) the plasmodia appear in the blood, multiply rapidly, are
present for 2 to 16 days (average 7'31 days) in the peripheral blood, and
then disappear. Some (39*7%) birds died at the height of the infection ;

some (26*9%) after the plasmodia have disappeared from the peripheral
blood and some (33*4%) recovered.

There was no relapse in any case. In majority of the birds which
have recovered from the infection there is a solid immunity. Eight old
wild birds were refractory to inoculation. A number of young ones
were foimd infected in nature. During the height of infection the internal
viscera swarm with the parcu^ites and they disappear simultaneously with
their disappearance from the peripheral blood.

Previous records of plasmodia of birds are discussed and it is suggested
that the name Plasmodium heroni nov. sp. be given provisionally to this
orgcmism as the bird is commonly known as ‘ Pond heron ’.

60. On the relation of hydrogen-ion concentration of waters
to anopheline larval breeding.

S. Sbshagiri Rao and C. Anandarama Rao, Mysore.

It has been generally stated that ‘ Carrier ’ anopheline mosquitoes
breed in waters which have a pH range from 6*2 to 8*0 whereas certain
species have been found to thrive even at very low pH readings ; but as a
rule extremes ofpH ore inhibitory to anopheline larval growth. In this
paper the relationship ofpH values on the anopheline larval breeding has
been studied. It has been foimd that breeding of the larvae takes plaoe
freely in waters of pH range of from 7-4 to 8*0. There appears to exist
a rather remote relationship between pH of waters and the larval intensity
as foupd out by these experiments.

rdle of other analytical fiEtctors on anopheline larval growth is
under investigation.
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51 . A contribution to the pathology of cholera.

H. N. Chattbujeb and S. K. Sen Gupta, Calcutta.

There is very little visible change in the intestinal tract to account
for the symptoms of cholera. Changes are outlined in the structure of
the bone-marrow, the adrenal, the thymus and the pituitary which indicate

a kind of allergic or histamine shock. There is also a hyperplasia of the
thyroid gland, the colloid material showing an acid reaction indicating a
possible hypofunction. Enlargement of the thymus is a very noticeable

feature possibly indicating a somewhat close connection or ‘ susceptibility
*

to this acute condition. The dishmction of the kidney seems to be asso-

ciated with some kind of allergic shock and with the changes produced
in the endocrines and in the serum electrolytes rather than to any gross

structural change.

52. Modern views on the causation of tumours and some
observations on the chemotherapy of tumours.

H. N. Mukhbrjbb, Calcutta.

Modem views on the causation of tumours and various chemothera-
peutic attempts on cancer along with the writer’s own work with tissue

oxidisers are summarized in this paper.

53. Studies on Van den Bergh’s test.

Amttlyaratan Ohakravarti, Calcutta.

A critical study of the test was done by the writer and the results

are stated in the different tables. A large number of clinical cases of
jaundice was also studied and the reactions stated.

The writer has shown that bile salts play a very important rdle in

the diazo-colour phenomenon. While Sneider and Reinhold’s conten-
tion is quite correct that higher concentration of bilimbin would give an
immediate direct reaction, it does not hold good for all the reactions.

Addition of a little bile salts would bring about a prompt direct reaction
in a concentration of bilirubin which otherwise would give negative
results.

The presence of some amount of hgomoglobin along with bile salts

and bilirubin is responsible for the biphasic type of reaction. Delayed
direct reaction is very rarely obtained and is due to the presence of bilimbin
only and of fairly low concentration. Addition of a little bile-salts or
bile or even caffein-soda-salicylas would make the delayed direct to
immediate direct reaction.

The writer concludes that (1) there is no ground to assume two
types of bilimbin, (2) bile-salts play a great r61e in the development of
azo-bilirubin, (3) the colour phenomenon depends as much on the concen-
tration of bilimbin as on other factors leading to quick azotisation.
The author considers that the different types of reactions can be explained
by a more rational and practical way.

54. Pathogenesis and investigation on the pathological gall-

bladder.

P. N. Ray, Calcutta.

Cholecystitis is perhaps the commonest cause of surgical dyspepsia
in Bengal. The subject is usually a female, about 26 years of age. Females

‘ comprise 74 per cent, of the total. 62 per cent, were multiparous.
The infection is usually intramural, being probably blood-borne

or carried through the lymphatics from the stomach, duodenum or
-appendix.
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Blood cholesterol was found to vary between 76-175 mg. per
100 c.c. The highest figure was 266 mg. in jaundice. Bile cholesterol

seldom exceeded 500 mg.
Of the associated infections appendicitis formed 39, alimentary

diseases 46, and puerperal sepsis 31 per cent.

Culture of galhbladder bile was negative in over 50 per cent, of
cases. The organisms isolated were Bact. coU, BcuiL typhcaust Bad.
aerogenea lactia and Micrococcua catarrhalia. Culture of the submucous
and subserous coats of the gall-bladder and the cystic gland yielded the
following organisms, Bact. toU. Bact. typhoaua, B. wtlohii, Streptoooccua

viridana. Streptococcus hcemolyttciia, and Bact. aerogenea lactia. Samples of
faeces were also cultured.

55. The bone-marrow studies of kala-azar.

C. C. Basu and H. N. Chatterjee, Calcutta*.

Different stages of the affection of the bone-marrow by the Leishman-
Donovan bodies are outlined.

The various characteristic changes in the blood such as the pro-

gppessive leucoponia and neutropenia as well as the increasing anaemia found
in cases of kala-azar are explained in the light of these findings.

56. Biological tests for the diagnosis of pregnancy.

F. A. E. Crew, Edinburgh.

Of the many biological inventions that are being employed in the
service of mankind, that which is concerned with the recognition of
pregnancy in its earliest stages is amongst the most sensational and
useful. Its value is such as to make it desirable that it should be included
in all programmes for the abolition of maternal morbidity. The routine
tests now universally used are biological tests, but it is not improbable
that these will give place later to chemical tests and it is to this end that
much research is now being directed.

The Friedman, the Aschheim Zondek and the Xenopua Loevia tests

have different qualities which can be used with advantage in the identi-

fication of different physiological and pathological conditions. These
tests are best carried out in specially organized laboratories dealing with
large numbers. Such laboratories provide unique facilities for research
of great promise.

57.

Erythrocytic studies in anaemia of pregnancy, as a guide to

the blood pathology and therapy.

H. N. Chatterjbb, Calcutta.

Cases of anaemia of pregnancy pass through different phases of blood
picture. One and the same case may pass through normocytic, microcytic
or macrocytic stage according to the severiW of the condition. The
prognosis and the therapeutic results of the different stages are discussed
in the light of the observations made.

68. Hydatidifonn mole—a statistical and olinicalt sudy,

P. C. Das, Calcutta.

The study was undertaken with the idea of ascertaining (1) fre-

quency of occurrence, (2) the effects of (a) age, (5) parity upon its -

production, and (3) duration of pregnancy, in Indian subjects particularly
Bengalees. The results are compared with similar results collected;
from European and Amerioan literature.



(17) Section X, Medical Research, 247

The frequency is worked out from a total of 203,180 pregnancies.
In Europe the average frequency is 1 : 2140 whereas in India it is

1 : 361. The greatest number of cases occurred among Europeans in the
3rd decade followed by 4th, 5th and 2nd in order of frequency ; among
Indians greatest number of cases were also in the 3rd decade with nearly
equal number of cases below 20 and above 31 years. The incidence of
average age is 27*3 years (Indian) and 28*9 years (European). It occurs
much more frequently in multiparae, about 88% occurring among Indians.
Regarding duration of pregnancy, the longest duration was 25 weeks and
the shortest was 4 weeks, the largest number of cases occurring between
1 2 to 20 weeks. All the cases were treated with manual removal excepting
3 cases. The immediate mortality is 7%.

59. The study of the leucocyte counts in the anaemia of preg-

nancy in Indian women.

H. N. Chatterjbb, Calcutta.

The haematology of anaemia of pregnancy presents an opportunity
for studying the physiological correlation between the leucocyte-forming

and erythrocyte-forming functions of the haemopoietic organs. The study
reveals that there is a sort of * threshold * between the proportions of the
two varieties of cells. The effects of secondary complications, confine-

ment, liver therapy and the blood group are discussed. The salient features

of the Schilling differential count are put forth and their value in the treat-

ment and prognosis also laid down.

60. The problems of carcinoma cervix-uteri in Bengal.

SuBODH Mitra, Calcutta.

In Seva Sadan Women’s Hospital in Calcutta during last 10 years

(1926-1936), about 8,552 patients were admitted into the gynancological

clinic, of which 921 wore carcinoma cervix cases, i.e. roughly every 10th
patient was a cancer uterus case.

Next, cases have been geographically mapped out showing that prac-

tically every district of Bengal contributes to the number of such cases.

Patients have been treated mostly with radium and deep X-Rays and
since last four years, operable oases have been treated with radical vaginal
operation and post-operative radiation. Cases have been followed up
year by year, up to 9 years. End results show 72*7% of 5-year cure in
the 1st group, 41%—^in 2nd group and 11*1% in the total number of cases.

End results have been compared with those of England and the Continent.
The end results can be gr^tly improved if cases are detected early, and
adequate treatment given immediately,

61. The age order of epiphysial union in Bengalee girls.

S, K. Basu and Sfdhie Basu, Calcutta.

The paper is a study of the age at which epiphysial centres unite
with the bodies of different bones. The determination of the exact age
in the living is of great medico-legal importance. The present work
is based on a roentgenographic investigation of the bones round the
joints in 130 middle class Bengedee Hindu girls whose exact age was obtained
with great accuracy. In selecting the subjects of this series the authors
were careful to exclude all cases showing pathological conditions of growth
and development. The results arrived at differ from those worked out by
researchers in other parte of the world. These differences help to indicate
the many factors, e.g. r^ial, climatic, dietetic, etc. that are responsible
for the anomalies in the growth pattern amongst people of various
countries.
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62.

A note on toxicology oflinseed plant (Linum uaitatissimum).

K. N. Bagchi and H. D. Gangttlt, Calcutta.

There were several fatal cases of accidental poisoning of cattle in a
village in Bihar and hydrocyanic acid was detected in viscera and stomach-
content of some of them. It was ascertained that the animals developed
the symptoms of poisoning after grazing in a linseed field when the linseed

flowers were fairly mature with the seeds just developed.

A cyanogenetio gluooside—Linamarin—is known to be present in

linseed but it is not known if any other part of linseed plant contains this

glucoside. The analysis of leaves, flowers, fruits, seeds and also of the

oil-cake gives the following result :

—

Leaves and stems . . a trace of HCN.
Flowers (before fertilization) .. 0*08%
Immature fruits or capsules . . 0-692% „
Mature fruits (when ready for harvesting) . . 0-08%
Linseed .. 0-06%
Oil-cake . . 0-0320/^ „

It is found that the maximum amount of HCN is obtained by soaking
the plant products for about 12 hours in water before distillation while
the same treatment with an alkali gives the minimum value. With a
dilute acid (0*4% HCl) the yield of HCN is slightly less than that with
pure water. It is therefore evident that the enzyme Linase, producing
the hydrolysis of this cyanogenetio compound acts best in a neutral

medium and its action is retarded by an alkali. The risk of HCN-poison-
ing appears to depend on the reaction of the gastric juice, the reduced
acidity or a neutral reaction helping to bring about a complete hydrolysis
of the cyanogenetio compound and to produce the maximum amount of
HCN. An alkaline reaction tends to prevent the hydrolysis. An alkali

may therefore be regarded as an antidote against linseed-plant poisoning.

The investigation is in progress.

63.

Experiments on the stability of seminal stains from a
medico-legal standpoint.

S. N. Chakbavarti and S. N. Roy, Agra.

During the course of examination of thousands of articles for sper-
matozoa, it has been found that an imusually large proportion of negative
results is obtained in cases of mixed blood and seminal stains and in very
old stain cases. To throw light on the underlying causes of this, a series

of experiments were instituted which show that while Florence test is

given by dry seminal stains even after 100 days, in case of mixed stains
Florence test is not given after 44 days, although complete spermatozoa
can be detected. In case of wet stains, Florence test is not given even
after 48 hours and tails begin to disappear after 10 days and are undetect-
able after 76 days. These results are highly important and show that
too much importance should not be attached to Florence test even as a
negative test. These experiments further show that it would be justifiable

to declare a positive result if a number of good heads are found.

64.

Viscosity of mustard oil and its common adulterants,

A. K. Sen, Calcutta.

There is a number of viscosimeters in use in difierent countries for
the determination of viscosity of oils relative to a standard fluid. The
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oils tested are those used for lubrication and similar purposes. The
Ostwald-Poiseuille apparatus does not appear to be favoured for these
tests.

The difficulty of judging the genuineness ot mustard oil from a con-
sideration of its chemical constants has proved a considerable handicap
for analysts. The values of these constants are subject to wide variations
as different varieties of mustard seeds are used in the manufacture of
the oil.

Viscosity being highly characteristic of mustard oil the study of the
value relative to distilled water was imdertaken and the Ostwald-Poiseuille

apparatus was considered to be suitable for this laboratory investigation.

As the tubes supplied by the continental makers have a very narrow
capillary, good locally made tubes having wider capillaries were tried

and were foimd to give the same results as the imported tubes, provided
the flow of water was not too quick and the time could be accurately
determined.

The relative viscosity of mustard oil as determined in the Ostwald-
Poiseuille apparatus vras foimd to be fairly characteristic and of undoubted
value where there were no special tests for the detection of adulterants.

65. Application of scientific method to epidemiological research.

R. B. Lal, Calcutta.

While many branches of the medical science have more or less fully

developed definite techniques for the elucidation of their unsolved problems,
considerable vagueness still surrounds the method of approach in the case

of epidemiological research. This is partly due to the great variety and
vastness of tho problems concerned in epidemiological phenomena and
partly to insufficient attention paid by the profession to co-ordinated

laboratory and field work. The various mental processes and the general

technical methods involved in epidemiological research are discussed and
illustrated by their application in recent investigations on epidemic
dropsy.

66. An epidemic of cholera in a rural area in South India

caused by the ‘ Ogawa ’ type of V. cholerce.

K. V. Vbnkatraman and C. G. Pandit, Guindy.

(Indian Research Fund Association.)

References to the literature on serological types of F. cholercB are
given. The Southern districts of the Madras Presidency experienced
a severe epidemic of cholera in 1936. The course of the epidemic in one
health range and tho results of examination of the vibrios isolated at
different periods of the epidemic are recorded. In 39 villages with a
population of 181,668 there were 2,839 attacks and 1,257 deaths from
cholera in 1936. The attaok-rato and death-rate have been tho highest
for several years. Out cf 481 deaths investigated, 426 occurred within 2
days after the onset of symptoms, the period in moat cases being less than
24 hours.

Of 131 cases examined bacteriologically, V. choUrm were isolated from
97. 84 of these were submitted to a full exeunination. They wore all

of them typical cholera vibrios, gave positive cholera red reaction, were
non-hfiemolytio and fermented saccharose and mannose with acid only
and did not ferment arabinose. By agglutination and absorption tests,

they were shoMm to be of the ‘ Ogawa ’ type. The conclusion drawn is

that Ogawa type F. choleras can cause a severe epidemic of cholera.
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67. A tuberculin-survey in a hill area in the Darjeeling District.

A. C. Ukil and S. R. Gttha Thakubta, Calcutta.

The present investigation was undertaken with a view to ascertain

the degree of tut)erculization of the people at Kalimpong and its neighbour-
hood.

A total of 1,650 persons were examined clinically and with Mantoux
test, of which 1,162 wore males €«id 498 were females. 91% of these were
children. As regards race, 1,163 or the bulk of them were Nepalie, 185
were Lepchas, 136 were Bhutias, 33 were Chinese and others 134. 964
of them were of ‘ rural * and 694 of ‘ semi-rural ’ domicile. A history of
previous contact with tuberculosis cases was available in only 7% of
eases.

The incidence of total positives, was 44-6%. The incidence among
children below 16 years was 38*6% and 55*3% among adults, n^es giving

40*7% and females 38*9% positives. Rural people showed an incidence
of 34*9% and semi-rural 47*4%. Bustee areas showed less infection than
the town proper and far-off bazar areas. The Chinese showed the highest
incidence, viz., 64*6%. 42*1% of the total reactors gave intense reaction,

those belonging to the adolescent age-group showing a comparatively
higher incidence. The incidence among contacts was 76*6%, non-contacts
showing 37*6% positives. Contacts showed more intense reactions than
non-contacts.

A survey carried out by the author in the plains in Bengal, Behar,
Assam and Madras showed the incidence of total positives to be almost
the same as in a semi-rural area to-day.

68. Tuberculosis among home-contacts#

A. C. Ukil, Calcutta.

444 children below 16 years were examined. 343 were in contact
with ‘ open \ 27 with ‘ clos^ * and 74 with ‘ unknown sputum * cases.

409 had ‘ intimate ’ euid 35 had ‘ distant ’ contact. Sources of contact
were as follows *.

* immediate ’ 313 ;
‘ recent ’ 109 ;

‘ remote ’ 22. Two-
thirds belonged to poorer classes.

The percentage of positive reactors varied directly with age. The
‘ unknown sputum ’—contact group showed the highest incidence of
infection—86% as against 71% of the total.

Radiological examination revealed healed, arrested and active lesions

in 69% of £he cases. Thus in 12% of cases, radiological examination
failed to detect evidences of infection.

The presence of active parenchymal lesions was detected in 16%

—

a very high rate. This incidence vciried indirectly with age and, in relation

to positive reactors, indicated that the younger the age the greater was
the risk of disease. In contradistinction to this, it was foimd that the
presence of quiescent lesions veuried directly with age.

Bjstory elicited over a period of 6 years proved that tuberculosis

mortality rate among children of these homes was double that of the
general mortality, wldle in adults it was three and a half times higher.

69. Malaria problems in diBFerent topographical regions.

M. O. T. Iybngab, Calcutta.

In the province of Bengal the different topographical regions show
considerable variations in the anopheline fauna and in the factors that
dotermine the prevalence of malaria. The conditions prevailing in these
regions are discussed in relation to their bearing on malarial incidence
and the problems connected with the control of malaria.
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70. Increase of malaria in Manbhum, 1936.

K. Mitra, Patna.

A short-period Malaria investigation in Sadar subdivision of Manbhum
district was carried out in March last. The district for long had enjoyed
a reputation of salubrity. Old records show that fever death-rates started

increasing from the beginning of twentieth century. Inward population
movement started with the opening of the Jharia coalfiolds (1894).

Out of a total population of 1,810,890 persons only 347 per mille are

earners or bread-winners. Of the earners 63*1% follow ‘ ordinary cultiva-

tion * and 11*4% in cool industry. 92% of the agriculturists are either

tenant cultivators or agricultural labourers. Spleen survey in eight
villages were made. Anophelino mosquitoes were found to breed in
* Bundhs ’ and river-beds. A. culicifacies, A, annularis. A, pallidua. A,
vagus, A. fluviatilis and A, jeyporiensis were found prevalent. Scrutiny
of Malaria attendance at dispensaries reveal (1) a marked autumn wave
starting about a month after the rains set in and a small spring wave in

April; (2) greatly enhanced incidence of Malaria in 1936; (3) increased

Malaria attendance in dispensaries situated in the neighbourhood of
villages with high spleen rates. Interesting feature of the 1936 outbreak
was that greatly enhanced incidence of Malaria had no effect on death-
rates either due to fever or all causes.

71. Some observations on the epidemiology of plague.

S. S. SoKHBY and G. D. Chitre, Bombay.

Using a standardized constant infective dose of plague the resistanc e
to plague of rats from different parts of India has been studied. From this

study the fact emerges that there exist in nature strains of rats (Rattus
rattus) resistant to plague. During an epizootic and on epidemic of plague
in a particular locality susceptible strains die out leaving behind resistant

strains. This ends on epidemic. Light is thrown on the possible factors

which permit a fresh epidemic to start in that area. The effect of
atmospheric temperature on the incidence of plague in a given locality

is discussed.

72. The action of vitamin C and other reducing substances on
certain toxins.

B. Ghosh and B. C. Guha, Calcutta.

Guinea-pigs have been found to be resistant to one m.l.d. of tetanus
toxin which was mixed in vitro with different amounts of ascorbic acid.

The behaviour of other reducing substances like cysteine, glutathione
and hydroquinone towards the toxin has been investigated. Similar
experiments are in progress with diphtheria toxin.

73. Investigation of available carbohydrates in some Bengal
food-stufifs.

K. P. Bash and Md. Abdul Quader, Dacca.

The glucose, fructose, sucrose and starch in eight varieties of pulses and
one bazar sample of rice have been determined. Sucrose was estimated
by the increase in reducing power after inversion. The glucose/fructose
ratio was calculated by solving the simultaneous equations obtained from
on iodometrio determination and from the estimation of reducing power
by Shaffer-Hartmann*s reagent.
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Glu-
cose.

Fruc-
tose.

Suc-
rose.

Starch.

Total
avail-

able
carbo-

hydrate.

Titra-

table

acidity,

ml N/10
NaOH
lOOg. of
sub-

stance.

Bengal gmi. (cicer

Arietinum) •0735 •1115 •1720 36-890 36-785

c.c.

14-685
Soya bean (Gly-

cine Hispida) .

.

•1156 •1790 2016 18-776 21-040 23-496
Lentil (Lens oscu-

lenta) •0800 •2120 1-761 60000 52-966 * 17-678
Oreen gram
(Phaseolus
Mungo) •3575 •6186 •9216 47-265 49-060 20-629

Field pea (Pisum
sativum) •5200 •8900 3-3660 43016 47-815 46-990

Arhar (Cajanus
Indicus) •1360 •2740 •4096 49-840 50-560 35-244

Black gram
(Phaseolus
Mungo Varr
Linn.) •1276 •1790 •1605 4M50 41-625

1

26-443
Khesari (Lathyrus

Sativa) •0860 •1710 •6195 60* 146 60-915 32-356
Rice (Oryza

Sativa), (Bazar
sample) •1590 •2430 2-235 71-330 74-467 10-279

74. Acid-base balance in some pulses. (Potential acidity.)

K, P. Basit and H. N. Db, Dacca.
The potential acidities of the pulses Green gram (Phaselous mungo),

Field pea (Pisum satiya), lentil (Lens esculenta)^ l^esari (Lathyrus sativa),
Soya bean (Glycine histida) and arhar (Cajanus indicus) have been deter-
mined by analyzing their ash constituents. The acidity per 100 gms.
is found to be least in the case of green gram (1*77) c.c. N, acid and highest
in the case of Bengal gram (4*32) c.c. N, acid. Other pulses possess the
values in between these two extremes.

It is concluded, that green gram is superior to the other pulses as
regards the acid-base balance of its ash constituents.

75. The effect of supplementing the South Indian diet with
calcium and phosphorus.

E. K. Pal and N. Singh, Coonoor.

(Indian Research Fund Association.)

Typical poor South Indian diets, largely based on rice, are deficient
in mineral salts and particularly in calcium. Four batches of 12 young
rats, about 60-60 grammes in weight were given a poor South Indian
diet consisting of raw milled rice, dhal arhar, black gram, brinjal, amaranth
l^ves, raw plantain, gingelly oil, coconut and mutton in proportion to
adult human daily intake as the basal diet. The second group was given
1 ’776 grms. of calcium lactate a third, 0*8875 gramme of alkaline potassium
phosphate and a fourth, both caloitim lactate and alkaline potaaaium
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phosphate, as daily additions to the basal diet. The experiment lasted

for 10 weeks, during which their rate of growth was noted. Batches of

three animals (males) from each ^oup were kept in metabolism cages for

fotu’ weeks and intake and excretion of calcium and phosphorus was deter-

mined and retention calculated. The same was repeated for groups of

three females in each group. At the end of ten weeks the animals were
bled to death under ancBsthesia, blood from the heart being taken for

estimation of serum calcium and phosphorus. A pathological examination
of the thyroids and parathyroids was made.

The conclusion is that addition of calcium lactate enhances the

nutritive value of Indian diets based on rice. Its effect is slight ly increased

if alkaline phosphate is added at the same time. The addition of alkaline

phosphate alone has no supplementary effect on growth.

76. Lesions of peripheral nervous system in vitamin A
deficiency.

M. V. Radhakrishna Rao, Coonoor.

(Indian Research Fund Association.)

The peripheral nervous system was studied in rabbits, rats and hens
fed on diets deficient in vitamin A and carotene. Clinically, evidences
of nervous disorder were rarely observed. Histological examination,
however, revealed varying degree of degeneration of the myelin sheaths of
the spinal nerv^es. The significance of the experimental findings as regards
peripheral neuritis in the human being is discussed.

77. Studies on leprosy and vitamin Bg (G) deficiency.

N. K, Basu, Calcutta.

Diets of patients attacked with leprosy are always poor in protein
and vitamin-B complex. It has been found that factor B2 is more pro-
minently absent than Bj. A number of early cases of leprosy was treated
with vitamin B concentrate from yeast, and the patients with anaesthetic

patches showed marked improvement. Afterwards, following the method
of Row and his colleagues, nodular leprosy was produced in white mice.
In these experimental animals, it was also foimd that addition of vitamin-B2
had a retarding effect, while its absence in the diet had a fav’ourable effect

in the production of the disease. Similarly, animal-protein and fat con-
taining Vitamins A and D were also found to bear some relation to the
disease.

78. Anti-diabetic factor of vitamin B complex.

N. K. Basu, Calcutta.

Following the usual method, vitamin B concentrate was prepared
from yeast. And from this concentrate, a precipitate could be fraction-
ated, which on injection into the rabbits lowered the blood sugar.

Vitamin B concentrate, when administered to diabetic patients,
could maintain the level of blood sugar constantly to normal. In these
patients, proportion of carbohydrate in thoir diet could be increased with
a parallel increase of vitamin B concentrate intake.

Nature of this precipitate obtained from vitamin B concentrate
was compared with all the known factors of vitamin B complex. It
seemed to be an entirely new factor in B complex.

This new factor seems to have a specific action on blood-sugar.
Nature of its action is discussed in the main paper. In all probability,
it not only helps in the metabolism of carbohydrate in the body, but it

stimulates the pancreas to secrete insulin, and this is borne out by experi-
ments on lower animals.
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79. The ‘ availability ’ of iron in Indian food-stuffs.

S. Ranganathan, Coonoor.

(Indian Kesearch Fund Association.)

Recent experiments have shown that all the iron existing in food-

stuffs, as determined by gross chemical analysis, is not * available ’ for

ha?moglobin regeneration. Chemical methods, involving the use of aa'
bipyridine, have been evolved to assess the amount ofsuch ‘ available * iron

in biological material, the results obtained agreeing very closely with those

obtained by the complicated and time-consuming biolo^cal tests. An
attempt was made to determine the ‘ availability * of iron in food-stuffs

in common use in India and over 100 of them have thus been examined.
Wide variations exist in the ‘ availability * of iron in the different groups.

The iron in cereals is * available ’ to the extent of about 40 per cent, while

that in pulses is ‘ available ’ to a much smaller extent, about 1,5 per cent.

Ragi {Eleudne coracana) is an exception in the cereal group in that it

has an ‘ availability * of only 10 per cent. The other food-stuffs do not
display any group characteristics.

80. ‘ Available ’ iron of Indian food-stuffs.

H. Goswami arid U. Basu, Calcutta.

Sherman, Elvehjem and Hart have shown that the haemoglobin forma-
tion by any iron food is directly proportional to the amount of inorganic

iron as determined by Hill’s dipyridyl method. It would be of consider-

able importance for medical as well as public health workers to know not
•only the total quantity of iron present in any food but the food-stuff that
wo^d supply the largest amount of inorganic or rather ‘ available ’ iron.

Following HiU’s method as modified by Elvehjem and others, the

percentages of ‘ available ’ iron in rice, wheat, sago, grams, lentil, bitter

gourd, mustard, bananas, pistachio nut and tamarind have been
determined. Various other vegetables, spices, nuts and fruits are also

being studied.

81. Phytin-phosphorus content of Indian food-stuffs.

A. R. Sundarabajan, Coonoor,

(Indian Research Fund Association.)

Phytin-phosphorus (calcium magnesimn salt of inositol hexa-phos-
phoric acid) has been shown to be poorly assimilated by human beings.
The so-called ‘ anti-calcifying action * of cereals has been explained
on the grounds that the poor assimilability of the phosphorus present makes
the calcium-phosphorus ratio unsuitable for calcification. The methods of
McCance and Widdowson, suitably modified, was employed to determine
the phytin-phosphorus content of fifty common Indian food-stuffs. Total
phosphorus was also estimated with a view to determining the percentage
of phytin-phosphorus. In general, it is found that cereals contain large
amounts of this form of phosphorus while most of the leafy vegetables
contain none.

Further work is in progress to discover the effect of cooking on the
phytin-phosphorus contents.

82. Observations on the basal metabolism of Indian boys of
six to sixteen years of age in Calcutta.

H. Ellis C. Wilson and N. C. Ror, Calcutta.

The data obtained are compared with conesponding figures for
Euroi:^an children and inferences drawn as to the significance of climate
and diet on metabolism.
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83. Studies in human metabolism. Retention of nitrogen,

calcium and phosphorus and elimination of uric and
oxalic acids at different levels of rice intake.

K. P. Basu and M. N. Basak, Dacca.

(Indain Research Fund Association.)

A healthy yomig man of 18 (weight—48*92 kg.) served as the
experimental subject. The following diets at three step levels of rice

intake were taken ;
~

Diet I. Diet II. Diet HI.

Bice 200 g*

»»

400 g. 600 g
Sago 400 200 „ Nil.
Dal (Green gram) .

.

26 26 „ 25 „
Fat 25 25 „ 25 „
Vegetables 200 f* 200 „ 200 „
Sugar 100 »» 100 „ 100 „

6 g. of common salt and the same amount of spices were taken
each day.

These diets furnished about 3,000 calories per day.

The following table summarizes the results obtained :

—

Nitrogen Calcium Phosphorus Volume of Fsecal

Diet. balance balance balance urine in weight
ing. in mg. in mg. cc. in g.

I -0*489 217 443 2,146 37*58

TI .. -1-1*368 139 399 2,080 36*03

III .. +2*099 66 129 1,703 48*48

The nitrogen intake in Diet I, II and III was 3*766 g., 6*275 g. and
8*786 g. respectively.

The calcium intake in Diet I, II and III was 422 mg., 392 mg., and
362 mg. respectively.

The phosphorus intake in Diet I, II and III was 1,376 mg., 993 mg.
and 611 mg. respectively.

84. The Bengalee schoolboy, his physical development, health

and nutrition.

A. Chattbrji, Calcutta.

The findings are based on the records of 33,161 students.
The value of the biometric average for assessing normality is ques-

tioned. The bion^tric averages are compared with averages obtained
from normal students for the same age groups.

The rate of growth of the Bengalee student is considered and the
following conclusions drawn ;

—

(a) Total gain in height during this period is 17*16 inches ; in weight
71*48 lbs.; in chest girth 9*68 inches and in vital-capacity 2 litres.

(6) The maximum rate of growth occurs diuring the period 11-16, and is

particularly marked during the ages 12, 13 and 14. (c) There is a sudden
fall in the rate of growth after the 16th year, (d) Height and chest-
measurements are less variable than weight and vital-capacity as criteria

of growth and development.
Hie value ofthe different methods for assessing normality is discussed.

The value of Ponderal Index,
^ ^

» fts a nutritional
Height in cms.
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index considered, its disadvantages are pointed out and a table for weight-

height, chest-measurements on a time increment scale worked out to serve

as a clinical ready reckoner. A table of annual increments for height,

weight, chest-measurements and vital-capacity is given.

The findings ofmedical inspection are tabulated, the incidence of defec-

tive rision, malnutrition, enlarged tonsils, dental caries, enlarged liver

and spleen, disease of the heart and lungs and pulmonary tuberculosis

are considered.

A survey of the dietetic habits of the Bengalee students is made.

85. Pancreatic hormone and its functions.

Charubrata Ray, Calcutta.

Sugar is of prime necessity to the body. When the supply of carbo-

hydrates is adeqtiately maintained pancreatic hormone helps to store

up the sugar in the form of glycogen, and it not only inhibits the formation

of sugar from other food-stuffs, e.g. proteins and fats but also helps them
to carry on their essential r61e of repair and growth. In absence of sugar

the check being removed the proteins and fats form sugar to meet the

more urgent demand for fuel.

In diabetes—the power of oxidizing sugar is not lost. Deficiency of

insulin allows the amino-acids to form sugar in the cells. The absorbed
sugar after food does not get accommodation in the cells—there is hyper-

glycemia and glycosuria. The body does not suffer from want of sugar

but from protein inanition. Insulin alleviates the symptoms not by
oxidizing sugar. It checks the proteins from breaking down to sugar,

so the cells in absence of the sugar accommodates the sugar from the

blood. The hyperglycemia and glycosuria disappear and the sugar

undergoes normal combustion.

86. Glimpses into the practice and principles of medicine in

India in the 7th century A.T).

1). V. ^S. Reddy, Vizagapatam.

It-Ching (635-713 A.D.) during his ten-year stay at Nalanda made a
successful study of the science of Medicine. Translated a medical work
‘ Bhaishajya Vasthu ’.

The contents of the book aro valuable for medical history. The
philosophical background of the age : Recognition of the value of health

—

theory of Karma—belief in ” repetitions ’, etc. But medicines and
physicians mejuisitioned as the best and quickest means of getting relief.

Preventive outlook on medicine emphasized : Elaborate rules of hygiene—

•

( 1 ) Exercises for health, (2) Baths, ordinary and medicinal, (3) Filtering,
storing and distribution of water, (4) Foodstuffs, their effects in the
body, diets peculiar to different parts of India, cleanliness in the pre-
paration and serving of food, (6) Oral hygiene, tooth sticks and their
therapeutic uses, (6) Nasal hygiene. Under CurcUive Medicine^ the
following topics are discussed

: (1) Symptoms of bodily illness, (2)
Methods of diagnosis, (3) Theories of causation of diseases, (4) Materia
Medica, (5) Therapeutics, general, dietetic and medicinal, (6) Famous
and popular prescriptions, (7) Hurtful treatments to be avoided. Interest-
ing sidelights thrown on the social and religious practices connected with
ill-health and disease. Medical Economics, Training of the Physician i

Courses of study and text-books. Social status of the physician. The
powers and limitations of the physician.



(27) Section X, Medical Research. 267

87. A plea for the promotion of the study of history of medicine
in India.

D. V. S. Reddy, Vizagapatam.

History of medicine*
—

‘ A watch tower from which medicine coi|ld be
studied as a whole in its developments, tendencies and in all its social
implications.* Revival of interest due to ' the efforts of Littre, Daremberff
and Sudhoff.

The problem of historiography ,—The problem in other lands and
Universities. Encouragement given to these studies. National and
regional Medical Societies, Medical History Clubs, etc. Foundation of
Institutes for the History of Medicine, Museums, and organization of
exhibitions of ancient (and medieval) medical instruments, books or
drawings,

Neglect of kindred studies in India ,—The Universities should institute

courses of lectures. Co-operation between the literary men (the Anthro-
pologist, the ArchsBologist and Philosopher) and the medical man is

necessary for editing texts. Documents and inscriptions throwing light

on the epidemics of the ancient and middle ages, or the medical Mstory
of great personages or the medical institutibns of the period, should be
brought to our knowledge. The determination of the dates of the
medical writers or of commentators fixing the age of the books, and
copying of old breaking-down palmleaf manuscripts are urgently needed.
Palaeopathological researches on human remains discovered, examination
and interpretation of medical antiquities, critical studies on the various

classics of different periods should be commenced without delay.

88. Adamantinoma, reporting four jaw cases.

L. S. Ghosh, New Delhi.

These are common tumours of the jaws of long duration associated

with the expansion and destruction of the affected bone and often with a
history of dental crises and infection. Rarely, the growths which are of

dental origin are met with in other situations.

The essential character of an adamantinoma is the presence of
cylindrical and stellate epithelium, such as is seen in the enamel organ
of the foetus at the fifth month, in a highly vascular connective tissue

stroma. Tissue resembling formed dental elements have been reported
in adamantinoma and in one case of those reported here a oementum-like
substance is present.

These tumours may occur at any age and in either sex and more
commonly in the lower than in the upper jaw. Of the cases reported
here, two occurred in male and two in female patients, the ages of the
patients being forty-five, twenty-five, twenty-six and thirty, and the
duration of the growth, one year, two years, about six mont]^ and six

months respectively. Only one was an upper jaw tumour.
Adamantinoma frequently recurs after scraping: entire removal of

the growth is essential, often necessitating resection of the jaw. Malignant
changes of either the carcinomatous or sarcomatous type is a rare and
late development, usually associated with a long history of inadequate
operative interference.

89. Leuooderma—its setiology and treatment.

G. Panja, Calcutta.

A discussion regarding the probable cause of the condition given.
Treatment with various drugs and their effects described.
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Parasitology

1. Schistosomes and Schistosomiasis in India.

G. D. Bhalerao, Muktesar.

A short resume of the work done so far on the Schistosomes and
Sohistosomiasis in India has been given. References have been made to
the work in connexion with domestic ruminants and equines and an
account is given of the important conditions in these animals such as
nasal schistosomiasis, * Gillar * or * Phet * of ovines, nodular portal cirrhosis

in enlarged liver of horses, and * Kumri Mention is also made of the
description ofsuch species as Schistosoma indioum^ S» spmdalis, OrnUhohiU
harzia bomfordi, and the nasal schistosome. Work done on the life-history

and artificial infection with the nasal schistosome and S, spindcdis hfl»

been stated. The work on the infection of pigs with 8* japonicttm and
S» incognitum and of dogs with the latter species has been quoted. AH
the work recorded on the endemic and important human soh^tosomiasis
has been summarized and mention has been made of the s^culations
regarding human schistosomiasis in India. Mention has also oeen made
of the work done on artificial infection of monkeys and guinea-pigs with
8. spindcdis. References have been cited also to the oercarial fatma of this

country, to the use of anthelmintics, and to the metazoan immunity,
particularly in connexion with 8, spindaHs,

2. Observations on Bartmellosis in dogs.

H, N. Ray and J. A, Idnani, Muktesar.

Pyrexia associated with progressive anaemia due to Bartonella cams
Kikuth infection in dogs has b^n noted by the authors, and it is suggested
that one of the different types of obscure canine fevers in India may
be due to this intracorpuscular parasite. Kikuth (1927) and others state
that Bartonella usually appear in the blood of splenectomized dogs,
but in the experience of the present authors this infection was found to
be inoculable into healthy imsplenectomized dogs producing acute nnnp-
toms and ultimate death of the host in several cases. Symptoms product
by this organism in experimental animals were similm* to those observed
in canine piroplasmosis, namely, high temperature (up to 105^), icterus,

mucopurulent discharge from the eyes, and progressive anssmia. On
autopsy certain gross lesions of the spleen associated with a marked
enla^ment have been regularly seen, and these are considered at present
to be cbaracteristio of BartoneUosis,

3. The occurrence of air-sac mite, Cytohichua nvdus (Vizioli

1 870), in fowls in India.

R. L. Kaura and S. Ganapathy Iyer, Muktesar.

The occurrence of mites within the air sacs of fowls is recorded for
the first time in India. Although primarily parasitic in these sites, an
extensive infestarion of the organs had developed.

( 259 )
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This mite is indistingmshable from Oytoleichua nudua (VizioU 1870),
popularly known as the air-sac mite.

On account of the difficulty in treating the affected fowls, it is

considered to be a serious condition.

4. A form of verminous ophthalmia in equines.

P. R. Krishna Iyer, Muktesar.

Under the name of * Periodic Ophthalmia *, a disease affecting the eyes

of horses in the stud farms at Montgomery and Probynabad ih the Punjab
has been known for some years. The disease is of a recurrent nature
and terminates in the aifected animals goii^ blind. The disease occurs
at all times of the year, and no seasonal incidence has been observed.
Mechanical irritation by flies and dust, bacteria and dietetic deflciency

were suspected to be concerned in the causation, but these agentf| have been
eliminated. Hlstopathological examination has revealed the disease

to be of verminous origin, microfllaria being constantly present in sections

of the affected eyes, and lachrymal glands. Intense eosinophilia, neutro*
phile and lymphocytic infiltration and fibroblastic activity are some of
the other featiues seen. The transmitting agent appears to be a biting

fly. From the morphological features and unsheathed character, the
microfilaria appear to belong to some onchocercoid worm, but attempts
at specific determination have so far failed. Experience gained so far

ten(& to show that treatment with antimosan and other antimony prepara-
tions have an inhibitory effect on the progress of the condition.

5. Cutaneous microfiyiariasis in Indian cattle.

H. D. Srivastava, Muktesar.

A peculiar chronic form of skin disease in cattle was encountered
at certain places in the Bombay Presidency. Subsequently, a six-year

old bullock suffering from the disease was received. When the animal
arrived at this Institute it had practically no hair on the greater part of
its body, the skin showed numerous scars of healed lesions generalized

over the body and from several places pieces of skin had peeled. The
skin was very tender and peeled in patches at the slightest injury or
abrasion, leaving bright red, bleeding surfaces. Nevertheless, the animal
was in good bodUy condition and fed well.

Thou^ sections ofpieces of skin from the animal revealed the presence
of numerous microfilarise, repeated examination of blood smears and
the oentrifuged deposits from large quantities of blood proved to be
negative for larvss. However, leJge numbers of larvae were recovered
irom fresh pieces of skin incubated overnight in normal saline at body
temperature. The microfilarise, which are unsheathed, measure 0*262-
0*28 mm. in length and 0*004 mm. in breadth. They have a rounded
smterior end and a sharply pointed, curved posterior extremity. With
the approach of winter the number of microfilarise in the skin rapidly

decreases and finally the larvse practically disappear from the skin,

which appears almost healed, but with the return of the hot season the
larvae cuad associated clinical manifestations reappear.

There is only one reference in literature to a somewhat similar disease

occurring in Japanese cattle described as * Wahi \ ' Kose ’ or an elephan-
tiasis-like disease by Oguni in 1027. The points of similarity between
the Japanese and Indian disease are the seasonal incidence—both fiar^
up in summer—peeling of pieces of skin at the slightest injury, casting
of the coat in patches, and the causative agents of both beii^ unsheathed
microfilarias* The Indian disease differsmm the Japanese in the absence
of any predisposed sites, nodules in the skin, thidmning of the skin at
the neck and throat with subsequent development of elephantiasis, auid
the absence of the miorofilarias in Ihe blood. The disease has been
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distingiiished from the one caused by Parafilaria muUipapUlosa, and the
causative agents have been described.

6. Stomach worms in the Indian domestic ducks.

H. D. Srivastava, Muktesar.

Last year the author reported for the first time the occurrence of
members of two spirurid worms

—

Acuaria and Tetrcmerea—^in the gizzard
and proventrioulus respectively of fowls in India. Materials were received

from about half a dozen ducks for examination. In every case the proven-
triculus and gizzard showed the presence of several nodules of varying
sizes. On opening the nodules they were found to contain surprisingly

large numbers of specimens of a representative of the genus JEchinuria^

besides a little caseous matter. Each nodule has a small opening through
which the eggs are discharged into the lumen of the proventriculiis and
gizzard and are finally passed out with the faeces. The eggs are swallowed
by the intermediate host, which according to Hamann, is a water flea

{Daphnia pvlex). The final host acquires infestation by ingesting water
fleas containing infective larvae. The worms penetrate into the wall

of the proventriculus and gizzard causing marked inflammation and the

formation of nodules which may become large enough to cause mechanical
interferences and even obstruction to the passage of food. The birds

lose condition, become dull, feathers are ruffled and feeding may become
suspended. Sudden death is known to occur. The infestation is serious

as no treatment is at present known and prophylaxis is obviously
impossible. The paper contains a description of the parasite.

The proventriculus of one of the ducks showed the presence of
numerous specimens of Tetramerea.

7. Occurrence of whipworms and bloodfiukes in Indian dogs.

H. D. Srivastava, Muktesar.

The paper records for the first time the occurrence of whipworms

—

Trichuria vulpia—^in dogs in India. The infestation has been observed
in about half a dozen cases. The parasite may be responsible for acute
or chronic inflammation in the cascum, rise in temperatru^ and general
signs of illness. Remarks on the life-history, pathogenicity and treatments
are given.

The occurrence of schistosomiasis due to Schiatosoma auia in dogs
in Northern India is also reported.

8. ' Home unrecorded helminths from Indian ducks and geese.

H. D. Srivastava, Muktesar.

The occurrence of flukes in Indian domestic ducks and geese has
not been recorded up to the present time. The author recovered from
ducks received from Peshawar specimens of a monostome, aa echinostome
and a cestode. The monostome is referable to the genus Catabropia and
resembles closely Catatropia indicua Srivastava, 1934, parcbsitic in the
Indian domestic fowl. The paper contains an account of the three un-
recorded parasites.

The occurrence of EMnoatoma revoVutum in Indian geese is also
recorded.

9. Four new trematodes of the family Monorchidm Odhner,
1911, from Indian marine food-fishes.

H. D. Srivastava, Muktesar.

Up to the present time only one representative

—

Aaymphylodora
indioa—of this family in Indicui hosts has been described by the author
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in 1985. In the present paper the author desciibes a new speoies of the
genus ProcMrema Odhner, 1911, and three speoies referable to two new
genertf. lii one of the two new genera the ew have a polar filament—

a

unique feature for the family Monorohidsa. ^e systematic positions of
the new parasites have been determined.

10. Four new trematodes of the family AcanthocolpidcB

Luhe, 1909, from Indian marine food-fishes*

H. D. Sbivastava, Muktesar.

Luhe in 1906 created the genus AcarUkocolpits for A, Uodortu, parasitic

in the intestine of a fiidx obtained from Ceylon. Hitherto the genus
is represented only by the type species. The paper contains an account
of' four new species of the genus. The relationships of the four new
pcuasites are discussed. The diagnosis of the genus has been revised,

and a key to its ^cies is given.

11. Studies on the trematodes of the family Allocreadiidce,

parasitic in Indian marine food-fishes.

H. D. Sbivastava, Muktesar.

In this paper nine new trematodes referable as follows, one to the
genus Lepooreoidioidea Yamaguti. 1936, three to Lebouria Nicoll, 1909,
three to Opechona Looss, 1907, one to AUocreadium. Looss, 1900, and one
to a new genus are described. In its systematic relationship the new
genus stands between the true Allocreadid trematodes and members of
the Opecaelinse. It resembles the latter sub-family in the character
of the male genital ducts. The relationships of the new parasites have
been dkoussedm detail.

12. Two new genera of digenetic trematodes from Indian

hosts.

H. D. Sbivastava, Muktesar.

Two new trematodes referable to the families Zoogonidm and
Aoa^UhMitomidGt axe described. They were found in the gut of Indian
marine fbod-fishes. The representative of the former family is

characterized by the topography of the gonads, extent of intestinal cssca

and cirrus sac and the peo^a«r shape and position of the vitellaria. The
peculiarities of the form assigned to the family AcarU?ioaiomid€e are the
presence of a peculiar bell-shaped vestibule in front of the oral sucker,
presence of two ani, and the character of the ovary. The relationship
of the two genera with the allied forms has been disouj»ed.

13. Verminous pneumonia in Indian buffaloes.

H. D. Sbivastava, Muktesar.

Verminous pneumonia in domestic animals is one of the most serious
and outstanding of parasitdo diseases for which no satisfactory method of
treatment or prevention is known. Apart iipm the larv» of certain

roundworms which pass through the lungs during their course of migration
in the body, there are several worms which have their final habitat in
the lungs. Amongst the ruminants representatives of four genera of
lungwoims

—

Protoa^ongylm, MueUervus and Vareatrongyltm
are found, D. mviparua oocurs in the bronohii of cattle while D,
P. fu/escens, Af. capiUari$ and F. pnmmonicus occur in the lungs of sheep
and goats. Bepresentatives of the genus Protoatrmgylus are so far known
to occur in the lungs of ^ats and idieep only, A piece of a lung from
a bufialo was received on examiaation revewd the presence of
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several epeoimens of m interesting representative of the genus Proto-
strongyUio, The worms were associated with pneumonia in the piece
of lung* In literature the occurrence of lungworms in buffaloes has not
hitherto been recorded. A description of the species of Protoatrongylua
responsible for causing pneumonia in Indian buffaloes is given.

Protozoology

14. Surra in Hyderabad State.

M. B. MAHAJA2T, Hyderabad.
In this paper are recorded observations made in the State since 1932.

Surra in solipeds is being treated with a single injection of Naganol given
intravenously in a ten per cent, solution. A success of 75 per cent, is

recorded, 25 per cent, having relapsed due probably to Naganol failing

to sterili^ the cerebrospinal fluid in cases that were in the advanced stage
of the disease.

Surra in the bovine is recorded in acute form especially in bullocks
when they are worked hard during the early winter months. Field experi-

mental work undertaken to study the Trypanosoma concerned gave
indications of this being only Trypanosoma evansi, the view being supported
by the Imperial Veterinary Research Institute, Muktesar. In the
treatment of bovine Surra, Naganol in a ten per cent, solution given intra-

venously is advised in early stage, but in the acute and fatal stage Tartar
emetic is recommended.

In regard to the vector problem the author records the findings

ofviable trypanosomes, and Orithidia tabani in the fly Tabanus raibidus.

Trypanosoma theUeri was recovered for the first time in Hyderabad,
its identity being confirmed by the Imperial Veterinary Research Institute,

Muktesar.
Mention is also made of the occurrence of Surra in the camel.

16. Bhinosporidiosis in bovines in the MadrasP residency,

with a discussion on the probable modes of infection.

M. Anantnarayan Eao, Madras.

The author notes that the number of oases of rhinosporidiosis in

animals, reported from various parts of the world, is small and those
reports refer to three equines in South Africa and one in Uruguay. A few
years a^ the disease affecting two buUooks, one cow and one pony was
recorded in the Madras Presidency. Since then the disease has been
diagnosed in eighteen bullocks and one pony in the same province. It

would seem that rhinosporidiosis in bovines has been reported so far
only from the Madras Presidency and from no other part of the world.

It is observed that in animals, just as it is in a large majority ofhuman
beings, the lesions are found in the nose, and the presence of a trauma
in the nose appears to be necessary for the devel^ment of the lesions.

In the Madras Presidency, the disease is fbund ckfi&ctiog both men and
animals in certain districts. Rhinosporidium has not been reported from
animals from North India, though it has been reported to affect the human
beings in certain provinces.

The author has discussed in his paper the resemblance in the histo-

pathology, etc. of the lesions in man and animals and su^^gests that the
causal organisms may be identical in them. While describing the contents
of the asoi of rhinosporidium, the author suggests that the large spores
may be analogous to seeds of plants emd are meant to complete their

biological destiny outside the animal body. He suggests that those
spores may germinate in manure into a saptophytic fungus whose end
products are infective to healthy animals, since direct transmission with
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the large spares from the lesions is not possible. Tt is also suggested that
the small-sized spores* which were hitherto considered as undeveloped
ones* are really not so, but they are meant to continue the parasitic phase
in the tissue of the host.

Some amount of success is claimed in cultivating the fungus in sterile

oowdung and the author suggests that the infection to man and animals
may be through dust raised while plough!^ fields manured with bovine
dung, since a large number of oases of rhinosporidiosis are met witli in

men and animals engaged in agriculture. The probability of the infection

being water-borne is also discussed. The paper is illustrated with some
photomicrographs of lesions, etc. from bovines and equines.

16. Rhinosporidiosis in equines. Record of another case

in India.

Lakshmi Sahai, Patna.

In this paper the author records the discovery of another case of
rhinosporidiosis in equines in India in a country-bred mare at Bargarh
in the Sambalpur district of Orissa, the first case having been recorded
by Krishnamurti A3ryar in Madras in 1932.

The animal, which had a noisy breathing and blood-stained mucous
discharge oozing from one of the nostrils, on examination showed a small
caulidower-like growth about 1 inch long and i inch thick situated in the
anterior part of the nasal chamber slightly obstructing the passage.

On histological exaxnination the growth revealed all the essential

features of rhinosporidiosis recorded by Ejnshnamurti Ayyar in the case
from Madras.

Underlying the covering stratified squamous epithelium in the super-
ficial layers of the highly vascular subjacent connective tissue were present
numerous cysts or sporangia in various stages of development* the fully

mature ones being seen to increase in size* approach the surface and burst
to discharge the spores.

It is suggested that ftuther systematic search may perhaps reveal
the presence of many more cases in other parts of India, a sifibject of some
importance in view of the close connection between and possible identity
of Rhinoaporidium equi and Rhinoaporidium aeebari, the causal parasite
of Rhinosporidiosis in man.

17. Experiments on the transmission of Surra {Trypanosoma
evanai infection) through the agency of Ornithodarus

papilKpes Birula, with remarks upon the bionomics
of this tick.

S. K. Sen, Muktesar.

Cross and his ooUaborators (1921-22), in the Punjab* recorded having
suocessfblly reproduced surra in laboratory animals through the agency
of the tick Omiihodorua papiUipea and also postulated the occurrence of a
cyclical development of the surra parasite within the tissues of this tick.

Ilie present experiments were undertaken to obtcun confirmation of their
findings* a supply of ticks for this work having been received through
the courtesy of the Principal of the Punjab Veterinary College. A total
of 502 ticks were fed on guinea-pigs showing surra trypanosomes at the
rate of 12 to 40 per field in their circulating blood and the infectivity of
these ticks was later tested* in batches of 5 to 35* on healthy rabbits,
at intervals ranging from 2 to 50 days* but none of the rabbits developed
the infection during an observation period extending over about 25 days.
These resulte wotud appear to be in accord with those recorded, at
Liverpool* by Yorke and Macfie (1924)* who* however* regard it as possible
that their figure to reproduce the disease in this manner is attributable
to the fact that, iinme<yately after their infective feed, the ticks were
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subjeoted to relatively low temperatures during their journey from India
to England in the month of December. A proportion of the ticks used
in these experiments were therefore kept in an incubator maintained at
25^0., but they proved to be no more infective than those kept at room
temperature (20®C.).

The paper includes some observations on the bionomics of the young
forms ofO

.
papillipea.

18. On the nuclear structure of Babesia higemina (Smith
and Kilboume).

H. N. Ray, Muktesar.

In 1930 Dennis from America described the structure of the nucleus
of Babesia higemina and since he noted the presence of blepharoplast
in this organism he suggested its ai&nity with the Fla^llata. AccoMing
to him Babesia is of flagellate origin, and even if spirozoan, indicative
of the polyphletic origin of that group.

In tlfls article the author has described the result of his studies on
the distribution of chromatin in the nucleus of the Indian strain of J5.

higemina. The nuclear chromatin, as revealed by Feulgen’s reaction,

was found chiefly to be confined to the apical portion of the parasite,

while a circular row of fino chromatin beads appeared to be connected
with that main mass of chromatin. The nuclear structure presented
varied appearances with different fixatives and stains. No evidence of
a blepharoplast was however forthcoming.

19. Observations on the forms of Babesia gihsoni (Patton)

in dogs.

H. N. Ray and J. A. Idnani, Muktesar.

In view of our scanty knowledge about the morphology and si^-
flcance of various forms of B, gihsoni in the verterbrate host, a detailed
study was made, and the findings are recorded in this article.

Usually two types of the parc^ite, viz. ring forms and thin elongated
forms, are met with in the smears made from the peripheral blood and in

internal organs such as spleen, liver, and bone marrow. The ring
forms were found to multiply by repeated binary fission imtil 12-16
merozoites were formed ; w!Ule the thin elongated forms were observed
to multiply in a manner which suggested a process of schizogony and gave
rise to more than 30 merozoites in a corpuscle. Sometimes corpuscles
infected with both the forms were seen in smears from the peripheral
blood. This morphological differentiation into two forms is highly
suggestive of sexual dimorphism in B, gihsoni.

20. On the occurrence of Babesia bovis Starcovici, 1893,

J. A. Idnani, Muktesar.

Hasmoglobinuric fever in an Indian buffalo ascribable to what
appears to be Babesia bovis Starcovici (1893) infection for the first time
in this country is recorded. Blood smears from this cuiimal were
forwarded to this Institute from one of the Military Dairy farms with the
history of acute piroplasmosis associated with haomoglobinuria. Trypan
blue had been edministered without producing any effect.

On examination of the smears, the parasites were observed to be much
smaller than those of tropioed red-water, viz. Babesia higemina

;

the angle
at which the pointed ends of the double pears met was widely divergent
and in some cases falling in a straight line. The characteristic marginal
position of the parasites in the infected cells was also noticed.

The morphology of this organism as compared with that of Babesia
bovig described by Wenyon (1926) presented no difference.
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21

.

Bovine Theileriasis—^preliminary report.

S. C. A. Datta, Muktesar.

Since the beginning of this century, Theileria parewites have been
seen in the blood of Indian cattle and Liown as the * smaU piroplaams *

of Robert Koch, but researches upon this group of organisms may be
said to date from 1925 and some advances have already been recorded.
The morbid anatomy and histopathology of Theileriasis have not yet been
studied in any great detail. The msiilt of the studies so far carried out
is described in tliis paper. The author has found that the predilection

seat for the multiplication of the parasite is provided by the lymphoid
tissue generally, including that in glands, spleen and other organs. Hsemor-
rhages resulting from parasitizod endothelium of vessels have been seen
in most organs. Large amount of cellular infiltrations in the Glisson*s

capsule of the liver and engorgement of capillaries with l3rmphocytes in

particular have been constantly seen. Schizonts are more ^undant in

this organ than elsewhere. In addition to extravasated blood and blood
pigments, the spleen shows enlargement of the malpighian bodies and the
presence of parasites. In the kidneys, perivascular cellular infiltration,

increase of the interstitium, and the very characteristic picture of minute
superficial elevations with haemorrhagic centres have been noteworthy.
Parasites have been detected in almost all internal organs, including the
brain. The morbid material under study has consisted of tissues collected

from natural and experimental cases of acute Theileriasis.

Of the many therapeutic agents tried so far in the treatment of acute
experimental cases, antisera from recovered cases have been found to

give promising results. The second part of the article deals with the
results obtained.

Nutrition

22. Carotinoid feeding and goafn milk.

B. N. Bakbrjee and N. C. Datta, Bangalore.

The possibilities offeeding goats with tender leaves, carrots, and grasses

have been studied. The physiology of the goat is different from the cow
or buffalo, in that it either converts carotin into Vitamin A or rejects it.

No carotin or xantliophyll can be detected in blood or milk fat even with
excessive feeding. The nature of the carotin can be judged from the
carotin content of the feed and fscces, and Vitamin A of the milk fat.

Grasses are rich in beta carotin and leaves contain a high percentage
of alpha and gamma carotin. The Vitamin A content of the milk fat can
be increased with proper carotinoid feedi^. The fiow of milk as also

the quality improves with carotinoid feeding.

23. The problem of Vitamin-A deficiency in the diet of farm
animals.

K. C. Sen and P. A. Sbshan, Izatnagar.

This paper attempts to summarize the present position of avitami-
nosis-A so far as it relates to the prc^tical feeding offarm animals.

Cereals, grainfeeds, vegetable oils and oil-cakes are found to be poor
sources of carotene (the precursor of Vitamin-A) which is generally
associated with the pigments of all plant material.

Green young forage plants are, however, found to be satisfactory
sources of carotene for animals.

The Vitamin-A requirements of rats, dogs, poultry, swine and oattle
are discussod. The excretion, storage and depletion of the Vitamin-A
reserve of animals through reproduction and milk are described.
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The point is strossed that the provision of suitable green feeds or
pasture land is the only praotioal method ofsupplying the carotene require-

ment of farm animals. In this connection, the importance of preserving

the Vitamin-A potency of green plants when converted into hay or silage

has also been emphasized.
The probability of the existence of avitaminosis-A, a mild form under

the ordinary conditions of stock feeding in India, and the need of rectifying

this condition are also considered.

24,

Preliminary note on the behaviour of rice hura (bran)

as a cattle food.

M. Carbery and Tnditbhusak Chatterjee, Tejgaon (Deccan).

The bran and rice polish form a largo supply (probably about 32
million maunds) of cheap and easily available cattle food. The bran
is very rich in oil, P2O5, and also MgO but very poor in lime. Preliminary
experiments conducted with rice straw at Dacca Animal Nutrition Section

show that the results were poor. The cause of it is suggested to be asso-

ciated with maladjustment of minerals, existence of phosphorous as

phytin and possible presence of decalcifying factors.

25. The value ofAm paddy straw as a fodder.

Indijbhusan Chatterjee and Md. Abdtjl Hye,
Tejgaon (Deccan).

The experiments conducted at the Animal Nutrition Section in Bengal
show that Au8 or Autumn rice straw is a much better roughage than
Aman or Winter rice straw with respect to protein, lime and phosphorus.
Data have been presented showing the behaviour in live weight, consump-
tion, total digestible nutrients, etc. all pointing in favour of Aua straw.

26. Can Water Hyacinth be used as a cattle food ?

Indubhxtsan Chatterjee and Md. Abdul Hye,
Tejgaon (Deccan).

As on account of fodder sccucity hyacinth is used as cattle feed in

some parts of Bengal, its investigation was started to test its effect when
given (1) with rice straw and (2) with rice straw and cake. It is noticed
that in the former case the results were poor but better results were
obtained with cake. The hyacinth is very rich in potassium and chlorine
and also lime. The palatability appears to vary with locality, season
and more or less with individual likes and dislikes. Under the fodder
scarcity of the province its partial use is unavoidable but it is better to
feed it in controlled amoimt and always supplemented with cake.

27. The lime and phosphorus rcquiremsnjs of Bengal cattle.

Indubhusan Chatterjee and 8. K. Talapatra,
(Tejgaon Djccan).

Data from 24 individual tests have been presented suggesting the
requirement of lime and phosphorus to be 48 grams CaO and 20 grams
P2O6 per 1,000 lbs. live weight under the condition of rice straw feeding.
The lime assimilation from rice straw is low and the requirement appears
to be higher them under many other feeds. The phosphate deficiency
is very large.
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Pathology and Bacteriology

28. An outbreak of Equine Encephalomyelitis in a mounted
military police troop in Bihar. A preliminary report.

Lakshmi Sahai, Patna.

A description is given, of an outbreak of Equine Encephalomyelitis
in a mounted military police troop at Jamshedpur in Bihar, during which
eleven horses were attacked, of which two recovered, two died and the rest

were either destroyed or their destruction is contemplated.
The clinical features of the outbreak, the post-mortem findings and

the histopathology of the lesions are described.
Chemical examination of the grass failed to reveal the presence of

any poison.

Brain mateiial from a case on sub-dural inoculation proved non-
infective to rabbits but infective to guinea-pigs of which one died after

showing paraplegic symptoms and another recovered after a febrile

reaction.

A similar attempt in a horse using the intrathecal route failed.

The positive transmission results in guinea-pigs are interpreted to

mean that the disease is probably of virus origin identical with the outbreak
which occurred at Multan in 1933.

Finally, the relationship between Kiimri and Equine Encephalomye-
litis is discussed and stress laid on the epizootological and histopathological
similarity existing between the two and the view is advanced that further
research may perhaps show the two diseases to be due to a common
etiological factor, such cliniccd differences as there may bo between the
two depending upon the differing elements in the central nervous system
involved.

29. The incidence of Salmonella enteritidia var. dublin in

pyosepticeemia of calves in India.

V. R. RaJAGOPALAN, Muktcsar.

An organism isolated from cases of pyoseptiosemia in calves, by
Mr. Shirlaw at Lahore, has been typed as Salmonella enteritidia var, dublin,

after a detailed study of its morphological, cultural emd biochemical
properties, as also of its antigenic constituents. Its antigenic structure
has been found to be IX : gp : by a series of serological analysis.

This is the first time that the incidence ofthis organism is recorded in India.

30. The incidence of Corynehacterium equi in a buffalo-cow.

V. R. Rajagopalan and V. R. Gopalakrishnan, Mukfcesar.

C. equi has been recognized by several workers as a cause ofpneumonia
in equines. It has not so far been recognized as occurring in any other
species of animals. Its incidence in a buffalo-cow is therefore recorded
in this article. Its identity with (7. equi has been proved by morphological,
cultural, biochemical, serological and biological tests. The significance
of its incidence is discussed and it is held to be, at least, an etiological
factor of post-abortion metritis, if not of abortion.

31. Neurolymphomatosis iii poultry.

P. M. N. Naidu, Hebbal (Bangalore),

The paper embodies the result of a preliminary study of this very
interesting disease of poultry in Mysore.

The different manifestations of the disease in the fowl and its histo-
pathological picture are described in detail.
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Arguments are advanced on the strength of experimental evidence,
incriminating some deficiency, most probably that of Vitamine C, as the
possible etiological factor in this disease. It is possible that xmder certain
conditions the tissues are xmable to synthesize their requirement of this

vitamine from its precursors, setting up metabolic disturbances of and
inflammatopr changes in the tissues involved resulting in a lympliocytic
infiltration in them which is characteristic of the disease.

32. Diseases of the egg-laying apparatus of the hen.

P, M. N. Naidu, Hebbal (Bangalore).

The most important organs of the domesticated hon, viz. the ovaries
and oviduct, which are intended for the formation of the egg and its

normal passage to the exterior, are subject to a variety of disease processes
described in this paper.

The practical importance of a correct and early diagnosis of those
conditions to commercial poultry farming is stressed upon

.

33. Leg weakness in poultry.

P. M. N. Naidu, Hebbal (Bangalore).

Leg weakness in poultry as a result of some constitutional disturbance
in the fowl set up during the course of certain diseases is discussed under
tho following agencies causing them :

—

1. Internal parasites.

2. Nutritional disturbances.
3. Infectious diseases.

4. Diseases of doubtful etiology, chief of which are

—

{a) Neurolymphomatosis,
(h) Osteitis deformans,
(c) Rheumatism,
(d) Gout, etc.

34. Some common poultry ailments en (countered in the Mysore
State.

M. N. Naxdit, Hebbal (Bangalore).

Experience gathered during a period of about two years’ study
of the most coxmnon diseases fatal to poultry in the State, with special
reference to their occurrence, etiology, symptoms and differential diagnosis
is describod in this paper.

35. A controlled epidemic in Guinea-pig colony.

K. D. Manohar, Bombay.

Wliilo supervising the animal house the writer had an opportunity
of studying the ecology of an epidemic in guinea-pigs, Tho epidemic,
though natural as far as importation of the virulent organism was
concerned, occurred in a controlled colony, in which, as a control measure,
isolation of the healthy and susceptibles was immediately carried out,
and also the destruction of the obviously sick animals.

The epidemic therefore resembles a human epidemic more or less

modified by the active interference ofhealth authorities.

Weather considerations were important. After a very hot spell

rains sot in violently. The animal house leaked badly and the animals
were soaked through. Feeding was naturally unsatisfactory, the food
getting sodden and dust-laden within a few hours of distribution The
rapid decomposition of food must also have diminished the available food
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considerably. Flies had come in swarms. Such was the condition of
animals when the epidemic broke out. The first impression was that the

food was the source of infection. But food was ruled out as a possible

factor by the observation that isolated animals in cages completely esca^d
the epidemic, although fed on the same food stock. In addition to being

isolated in cages, these animals were housed in well-protected roomsk
Secondly, on post-mortem examination of animals, the intestines did
not show inflammatory change while the lungs were definitely hsemor-
rhagic and showed broncho-pneumonia patches.

Discussing the subject with Dr. Gharpure, of Grant Medical College,

he pointed out that Broncho-Pneumonia was often the cause of death
in groups of guinea-pigs.

The attending hamal also informed that every rainy season, an
epidemic did occur and killed off almost half the animals.

36. A prelirainary report on the viability of Mycobacterium
paratubercidosis enteritis under conditions simulating

those in the field.

P. C. Banekji and K. Raghavachari, Muktesar.

A perusal of the available literature on Johne's disease shows that
there is no authentic information on record concerning the viability in

nature of the specific bacilli of the disease. As the elucidation of this

point is obviously essential for the purpose of applying measures of control

on a rational basis, a series of viability tests were carried out upon Myco-
bacterium paratuberculoma enteritie which were found in the faE^ces of a cow
affected with Johne^s disease four years after the faeces had been main-
tained imder conditions simulating those obtaining in the field. Most
of the organisms have undergone considerable morphological changes,

but multiplied readily and regained their normal form when cultured

in suitable media.

37. Cysteine hydrochloride as a suitable reducing agent in

glucose broth for obtaining cultures of Clostridium

chauvoei for the routine production of blackquarter

vaccine.

V, R. Rajagopalan, Muktesar.

The prophylaxis of blackquarter with the aid of spore cultures in

the form of dried and heated muscle pulp, and with the natural and cuti-

ficial aggression has given place, in recent years, to vaccination with for-

malized cultures.

For obtaining massive growths for the purpose, glucose broth
containing pieces of autoclaved meat, pieces of sterile tissue or the heart
of inoculated guinea-pig was first being used. This had the disadvimtage
that debris from tissue used for creating anserobiasis became mixed
with the bacterial emulsion. Mo. Even ( 1926) introduced a device by which
bacterial emulsion could be obtained free of all tissue debris. He used
a diffusion shell to contain the minced pieces of liver. Sheather (1928)
replaced the diffusion sheU with a porcelain cell.

This article records the results of a preliminmy investigation into
the possibility of substituting cysteine hydrochloride for tissues for the
creation of ansBrobiasis. A fi^hly made solution of<^teine hydrochloride
was added to glucose broth to give the required concentration. As small
a concentration as 0*01% was sufficient to produce anssrobiasis, provided
a layer of paraffin was superposed. If a higher concentration was used
(0*05 to 0*1%), the paraffin layer could be diiq)einsed with.
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A test was made of the prophylcMstio value of the formalized vaccine
made from cysteine hydrochloride broth cultures that had been grown
for two days and fourteen days, as well as of filtrates made from them.
All the eight bulls and six guinea-pigs vaccinated with the vaccine with-
stood a retest with a lethal dose of OL chauvoei cultiue. Seven of the eight

bulls and five of the six guinea-pigs treated with the filtrates withstood
a retest inoculation. All the control bulls and guinea-pigs (two of each)
died of typical blackquarter. In a second test, the cysteine hydrochloride
broth vaccine wae found not to be inferior to vaccines made from media
containing tissues.

It was found incidentally that a strain of CL chauvoei^ which had been
in subculture for a long time, was capable of growing in simple glucose
broth, without further anserobiasis. It was non-vinfient for bulls, but
a preliminary test showed that it retained its immunizing properties.

38.

Studies on a natural outbreak of pigeon pox.

11, L. Kaura and S. Ganapathy Iyer, Muktesar.

A natural outbreak of pigeon pox occurred in a stock of healthy
pigeons at this Institute and the source of infection was not traceable.

The causative agent was demonstrated to be a filtrable virus and has
been maintained by passage through pigeons. This appears to be the

first recorded outbreak in India.
Immunological tests of the virus isolated indicate certain degree

of antigenic variations from the English strain of pigeon pox virus obtained
for comparison, although both are similar on groimds of pathogenicity
and their capability to protect fowls against fowl pox.

Preliminary complement fixation tests showed that complement
fixing bodies were rarely demonstrable in the sera of healthy as well as

pigeon pox immune birds.

39.

Actinomycosis and actinobacillosis in animals in India.

M. Y. MANGRXJiiKAR, Muktcsar.

Examination of recent specimens received at the Imperial Veterinary
Kesearch Institute indicated the prevalence, although apparently rare,

in India of conditions which show lesions histopathologically indistin-

guishable from, or closely simulating, those of Actinomycosis and Actino-
bacillosis. This led to a thorough microscopical re-examination of all

specimens from March 1922 to August 1937 and to the preparation of the
present paper with the object of recording lesions wherein ' actino * bodies
have been produced due either to a Gram positive mycelium or to Gram
negative micro-organisms. Although no facilities for cultural examination
were forthcoming nor was a complete clinical history available in every
case, it seems certain that in India both types of infection occur. A case

of canine actinomycosis is included. It is hoped that the attention of
veterinarians in India will be drawn towards these conditions and that
the desired scientific data will be made available in future.

40.

Melanomata in domesticated animals.

M. Y, Mangbttlkar, Muktesar.

The pa;Mr is a histopatholo^oal study of the melanomata in the
collection of the Imperial Veterinary Besearoh Institute and includes
a detailed oliniocd record of an equine case. Comparison is made between
animal and human melanotic tumours, and the nomenclature is discussed.
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Serology

41. Preparation of dried anti-rinderpest serum by alcoholic

precipitation and desiccation in vacuo,

R. L. Kauba, Muktesar.

The aetivc frat’tiona of anti-rinderpest serum, special and ordinary*
consisting of antibodios and the serum proteins, precipitated by 30 per cent,

alc'ohol at 0°C. and desiccated after filtration, over phosphoric anhydride
in vacuo, have boon fomid to he practically equal in weight per volume
of serum. When subsequently rodissolved in normal saline solution
to the original volume, the precipitate suspension, entirely soluble, was
found U) produce a protective effect on hill bulls equal to that of the original

serum, thus indicating that the entiie active principles of the serum had
been precipitated. Moreover, it was determined that the Jramunizing
value of the dissolved precipitate depended directly upon the rate of
<lilution.

42. Changes in phosphorus and calcium content of blood

during rinderpest syndrome in hill bulls.

R. L. Kauba, Muktesar.

Daily variations in the phosphorus and calcium fractions of the blood
during rinderpest syndrome in hill bulls, from the day of inoculation to

death, or in the case of recovery for fourteen days after the inoculation,

have been made. The normals for each animal under experiment were
previously obtained.

It has been found that, during the rinderpest syndrome in hill bulls,

there is a fall in the blood phosphorus which corresponds with the degree
of reaction and a subsequent rise on the subsidence of reaction. There
appeared a tendency for the blood phosphorus to rise sharply prior to
death. The calcium level remained practically unaffected throughout.

Intravenous injection of sodium phosphate into hill bulls 48 and 72
hours after inoculation with rinderpest virus, resulted, within 16 minutes,
in the increase of blood phosphorus lasting for about an hour followed,

in about 6 hours, by a marked decrease and again coming up to the normal
level by the 48th hour, without upsetting tho blood calcium to any marked
extent. It had no curative effect on the infected animals.

Helminthology

43. Helminthology in relation to Veterinary Science.

H. D. Sbivastava, Muktesar.

The importance of helminthology in the conservation of public
and animal health is often not fully realized, as the common symptoms
of helminthiasis—a prolonged and progiessive afebrile unthriftiness
gradually resulting in death—^are not always sufficiently spectacular
to attract immediate attention. In this paper tho author points out that
in a tropical country like India, and one in which animal hygiene is little

developed, helminthiasis is a most serious menace to the health of stock
animals. The losses due to some of the important helminths are discussed
and the urgent need of intensive research on the subject is indicated.

44. Helminth parasites of dogs—^their treatment and control.

H. D. Sbivastava, Muktesar.

The paper includes an account of the life-histories of the common
helminth parasites of dogs. The pathogenicity, treatment and control
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of parasites are discussed. The importance 8f parasites of the dog in

relation to public and animal health is pointed out.
45.

V(jrminoiis pneumonia in domestic animals—its control

and treatment.

H. 1). Srivastava. Muktcsar.

Verminous pneumonia is responsible for very high mortality amongst
the domestic animals, specially sheep and goats, in several j^arts of the
country. In spite of the high incidence of the diseases jio sure mothoil
of its troatmont or prevention is known. In this paper the aut hor discusses
the life-histories, treatment and control of the important lungwonns
of domestic animals. The importance of proper feeding in fighting the
infestation with lungworrns is also discussed.

46.

On a new species of Psilorchis Thapar and Lai, 1935,

from the intestine of the common teal, Netfion c'tecca.

M. B. Lal, Lucknow.

Thapar and Lal (1935) described the genus Pailorchia from the intostino

of a king-fisher. During the course of our investigations on the trematodos
of birds, a few specimens were obtained from the intestine of a common
teal at Ajgaiu. The present form differs from the existing species in the
following features :

—

1. Higlily developed funicular testes.

2. Coalescence of the vesicula seminalis with the ventral sucker.

3. Extremely small pre-pharynx.
4. Shape of Ovary.
6. Nature of Vitellaria.

Full details of the anatomy of tho trematodc are given in the paper.

47.

On a new trematode of the family Echinostomidee from the
spotted red-shank.

M. B. Lal, Lucknow.

Two mature specimens of trematodos were collected during tho
post-mortem exarninaticn of a number of spotted red-shanks at Lucknow.
The trematodos which belong to the family F.chinostomidse present tho
following interesting features : cirrus sac dextral and not contigiious with
ventral sucker, testes are not contiguous, uterus is much convoluted,
and receptaculum semiiiis uterinum absent.

Full details of the anatomy and the systematic position of the form
are discussed in tho paper.

Pharmacology and Therapeutics

48.

Effect of trypan-blue on goat blood virus.

P. G Malkani, Patna.

Experiments carried out to determine how addition of trypan-blue
to rinderpest goat blood virus affects its viability have shown that

—

1. After addition of 1% solution of trypan-blue in 5% concentration,
the virus, preserved (i) at cold storage temperature (30~4O'’F), is viable
on the 14th but dead on the 21st day ; (ii) at summer temperature (75-
86°F), is viable on 2nd but dead on the 7th day

;
(iii) at winter tempera-

ture (60-76®F), is potent up to 11 days.
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2. After addition of 1% solution oftrypan blue in 50% concentration,
tho virus, preserved (i) at cold storage temperature, is potent on the
7tb but dead on the 14th day; (ii) at summer temperature (75-86®),

is potent on 2ud but dead on the 7th day
;

(iii) at winter temperature
(60-75®), may be potent oven on the 11th day.

In viow of those and author’s previous findings that pure blood virus
at cold storage tciinporatin’o remains potent for as long as 22 days, it is

concluded that tho addition of trypan-blue shortens the period and that
this ‘ shortening ’ appears to bo directly proportional to the concentration
of trypan-bluo. 1’ho 5% concentration, however, leaves tho viability

unaffected for a suflitiiontly long time. If it gives similar results with
bull virus it can ho used for purifying it of Protozoan parasites in vitro

and masking tho colour of blood, so repugnant to the religious sentiments
of the Tyots.

Entomology

49. ObservatioiiH on the bionomics of tiio (^x warble-fly

(Hypoderrna liwm iurn )

.

B. N. SoNi, Muktesar

Observations carried out by tho author since January. 1937, at the
Imperial Veterinary Research Institute, Muktesar, have shown that

over 50% of the hill bulls purchased for experimental purposes are infest/od

with warble grubs {Hypoderrna linmtnm)^ and that it takes nearly 62 days
for tho lai*\’a5 to mature after thoir first appearance in the subcutanoous
tissues of the animal’s back. In two instances, the adull flies were
successfully marod from larvic that had been entrapped while in tho act

of escuiping from the warble tumours. Kvidence has also been t>btainod

that tho presence of these tumours results in a loss of condition of the

affected animal.
In tho writer’s experience at Mukt;C-Har the occurrence of the

oesophageal forms of H, lineatum was noticed first towards the end
of March, 1937, and thenceforward they wore encountered continuously
during the observation period of about 6 months. The significance of
the occurrence over such a long period is not understood and it would
appear ilifficult to ixjconcik) this finding with the generally accepted view
that there is only one annual brood of//, hneutum in India.

The presenco of warbk? tumours in dairy cows and of oesophageal
larva* in bulls born and bred at Muktesar shows that the pest is indigeiie-

ous to this locality.

The results of a short survey carried out in tho Punjab have revealed tho
fact that in certain localities in that province the larva? reac;h their final

stage in tlio back by the end of Septomlior and no tumours in the back
are noticed after the middle of January, while at Muktesar the larvsB in

tho back have been encountered as late as the beginning of March.

Immunology

50. Heredity and disease resistance.

F. A, E. Ckbw, Edinburgh.

The problem of resistance to disease is of great scientific interest

and also of vital practical and economic importance. It is a complex
problem demanding for its attempted solution the aid of tho bacteriologist,

th(^ protozoologist, the physiologist and the geneticist together with others.
The degree of resistance, ranging from immunity to extreme suscepti-

bility, depends upon a multiplicity of factors which may be grouped under
the headings : environment, function and inheritance.
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The evidence in favour of inherited predieposition to or relative

immunity from disease is overwhelming, but the relative importance of
heredity, fimction and environment still remains an unsolved problem.
51.

Ih lifelong immunity against rinderpest (;onferal)le on
bovint's '{

P. (-. ilANEKJi, JVluktosar.

Two cows and a bull born of iminime dams and roamd at the Dairy
of the Imperial Veterinary Heisearch Institute, Mukti^sar, were immiiuised
against rinderpest by the sorum-simultanoous method using bull virus,

at ages botwoeu 3^ months and 15 mouths. They were administered
a second dose of the virus 7 to 9 <lnys later and a third dose of 5*0 c.c.

at periods ranging from 7^ months to 33 months after the initial inocula-
tion. When tested for immunity by the subcutaneous inoculation of
5*0 c.c bull virus 6^ to 14jr years after their primary immunisations, all

the three animals proved to bo solidly resistant to the infection as w'as

ovidoncod by the ‘ blocked out ’ reaction obtained in each case.

From the above experiment it may Ixi ^.•oncludod that animals im-
munised by the serum-simultanoous method followed by a dose of bull

virus in roinfonioment ai*e liable to develop a lifelong immunity against
rinderpest.

Biochemistry

52.

Blood protein fni(*tio!is in the normal, and vitamin A,
oabdum and phostdiorns deficient, boviiies and ecpiines

N. J). Kehak, Muklesar.

A detailed study ot the various changes in tho protein fractions,
consisting of total protein, non-protein nitrogen, albumin, total globulin,
psoudoglobuliri J, pseiuloglobulin Tl, anil euglobiiliii lias been madi^ in the
blood of iioimal as well as of vitamin A, calcium and phosphorus doticieuit

equinos and bovines. Observations roeordoil so far, show’^ that the anti-

body forming fractions of globulin are considerably less m the deficiency
animals compai’od to the normal.

53. Vitamin A losses in hay and fodder eons(u*vation.

N. \). Kbhar, Mukiesar.

One of the most important problems in animal husbandry is Die
application of tlio best possible practice m conserving hay arul tedder
plants. Attempts have been made to find out the effect of different

methods of conservation practised in Tiidiu on the vitamin A content
of grasses and other fodder i^lants. It has beim observed that sun drying
exerts a considerable influence on their vitamin A content.

54. Biochemical and physico-chemicaJ factors in the etiology

of bovine hsematuria.

N. I). Kehar, Mukiesar.

The diffeTOnt views about the etiology of haunaturia arc, as yet,

not universally accepted. An investigation has thus IwHiri initiated into
the biochemical and physico-chemical characters of blood and urine
of hsematuria cows as a possible aid to help elucidating the evidence
already available. «
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65. The role of mineral deficiency in equine abortions.

V. B. Rajagopalan, Muktesar.

It is known that mineral deficiency may lead to abortion in certain

farm animals. These abortions occur through starvation of the foetus

of essential minerals, through metabolic changes induced by disturbances
of the endocrine system or through predisposition to infections.

The writer had an opportunity to investigate the cause of an outbreak
of equine abortion. The possibility of infection with micro-organisms
and intoxication with foodstuff was eliminated after a thorough examina-
tion. The analysis of blood serum revealed hypocalcfemia. The blood
calcium ranged from 7*7 to 9*0 m.gm. per 100 c.c., as compared with on
average of 12*3 m.gm. per 100 c.c m nomial mares. This suggests that
calcium deficiency was the cause of these abortions. This is corroborated
by the following observations : This stud consisting of about forty

brood mares used to suffer fivo to seven abortions per year befbro 1929. A
mineral supplement came into use from 1929. Abortions disappeared
from the farm simultaneously. The mineral supplement was discontinued
in 1934. Two abortions occurred in 1935 and thirteen in 1936 up to the
month of May. Hypocalcaemia was now detected, and a mineral supple-

ment was reintroduced. The incidence of abortion has since practically

ceased.

56, Investigations into the effect of mineral deficieiudes on

the resistance of ruminants to helminthic infestatiojis,

and the most practical method of combating tl»e

parasites.

U. W. F. Walker, Lahore.

In this paper are incorporated the results of experiments carried

out on the treatment of gostro-int/estinal romid-wonns in ruminants.
A number of drugs was tried, out ofwhich a combinafion of copper sulphate
and Kamala was found to be the most ofticacious and cheap.

As a result of a series of controlled exporimerds it has been concluded
that fodders deficionf. in minerals tend to lower considerably the resistance

of rurainants to helminthic infestations.

Certain abnormal changes have been observed in the animals kept
on unbalanced rations.
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General Physiology

1. Normal gastric acidity in Indiatis.

L. Fverabd Napier, Calcutta.

Until recently it has been statecl from time to time that the acid
s(^cretion in Indians living in India is lower than in Europeans, both in

those living in hot cliTuates and in temperate zones. In this paper, an
attempt has boon made to test the validity of this statement.

Daring the last year, a series of gastric analyses with alcohol test

meal were done in the Tropical Di.seases Hospital.

The general conclusion is that there is no lowering in the acidity level

ill Indians in India, and that, though a hot clirnati) and a vegetarian
diet are both said to be factors that tend to diminish gastric acidity, in

actual fact this does not occur. On the other hand, there is some evidence
that gastric acidity is actually increased.

2. On the composition of sweat of the JmHans.

K. N. (Chopra and A. C. Roy, Oalcutta.

Analyses of a number of samples of sweat (free perspiration) oolloctod
from several normal individuals living in and around Calcutta were
made with respect to some of the more important constituents. Widely
varying results are roporteil by different workers. If the data presented
by MoSwinoy bo accepted as more or less representative of that obtained
in temperate climates, our results show somewhat different values. The
reaction of the sweat was invariably found to be acid, the pH varying
from 4*6-6- 7 (average 4*94); MeSwiney reported a variation of pH 6*1

to pH 7*35 (average pH 61*14). The chloride content varied from 0*073
to 0*844% (average 0*44%) as against 0*37% (MeSwiney). Ammonia-N
varied from 7*6 to 34*2 mg. per 100 c.c. (average 19*3 mg.%) against 4*7

mg.% (MeSwiney). The variation in urea N was between 10*4 to 61*5

mg.% (average 30*6 mg.%) against 20*44 mg.% (MeSwiney). Only traces

of pliosphate could be detected. The majority of the specimens did not
reduce ‘ iiidophenol ’ to any appreciable extent.

3. Effect of temperature variation on brain impulses.

R. N. Chopra N. N. Das, Calcutta.

The effect of changes in the temperature on the nature and character
of impulses coming from the cerebral cortex was studied in ansBsthetised

animals with the he^) of an oscillograph and silver silver chloride elec-

trodes. The changes were most marked in the action potential and

( 277 *
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in the frequency. Lowering of temperature lowers the potential of the
impulses but makes them steady and uniform. Frequency is also lowered
but is maintained uniform throughout. At higher temperatures, however,
the action potentials of impulses are as a rule higher but they are never
steady

; on the contrary they show fluctuations in amplitude and therefore

in potential. Tlio frequency also increases in such cases but they tend to
lose their uniformity as the temperature is raised higher and higher.

4. Pigment studies in Indian and European skin.

L. M. Ghosh mid D. Panja, Calcutta.

lidiabitants of the tropics usually possess a darker skin than those
resident in the sub-tropical and temperate zones. This is due to the
presence of a pigment, melanin in the skin. As the presence of pigment
in the skin is thought to play a part in tropical adaptation, an investigation

was undertaken to see whether there is any quantitative or qualitative
difference in the pigment present in the European and the Indian skin.

A comparison of stained skin sections of the two races shows that the
Indian skin has a greater concentration of melanin m the basal cell layer.

The difforenoos in the chemical composition of the pigment and the influence

of other external conditions on the mechanism of pigment concentration
are discussed.

5. Observations on tlie l)asal metabolism of healthy sub-

jects uiidtT varying (onditions of t.(unporaturo and
humidity,

Bashir Ahmad, P. B. IjAl, and N. 0 . Pay, Galcutta.

The Ajnorican standards of basal metabolism though applicable in

Europe and America require modification when applied to other regions.
The reports of basal metabolism from Asiatic countries suggest a lower
standard. The influence of i-Iimatic conditions on basal metabolism has
also been studied and found to be lower in the tropics. However the
exact role of racial and other factors, apart from the climatic influence,

on the variation in metabolism still remains unsettled.
The present report is based on studios in basal metabedism (;f 9 young

healthy Indians under two different sets of atmospheric conditions with
regard to temperature and humidity, viz. tlie outside atmosphon* during
monsoon in Calcutta and the air-conditioned rooms in the Hygiene
Institute, existing side by side so that the effect of sudden changes could
be observed on the same subjects.

Our n^sults show (i) the basal metabolism of each subject in outside
atmosphere is lower than that of the American standards, (ii) The basal
metabolism of all the subjects on going to the air-conditioned rooms from
outside is still lower.

The data though meagre seem to suggest that individuals vary in
their response to the atmospheric conditions.

(). The seasonal variation in basal metabolism.

S. A. Pahmah, Hyderabad (Deccan).

Basal metabolism tests were meuie on 31 days on a single subject
from September, 1936 to July, 1937. The results wore strikingly uniform,
most of the results being withm 2 per cent, of the average. The average
for the 31 days worked out as 12*1 per cent, below Harris-Benedict and
18-3 per cent, below Aub-DuBois standards.

There was no marked difference in the results obtained during the
winter and the summer months. In fact, contrary to expectation, the
results obtained during the summer mouths (May and June) were slightly
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(2*6 per oent.) higher than those obtained during the winter months
(November and December).

There was a slight but definite lowering of basal metabolism in the

months of July as compared with the results obtained in May and June.
The cause for this is discussed.

7. A note on the basal metabolic rate in Indians.

S. L. Bhatia, Bombay.

The Basal Metabolic Rato of a large number of Indians of different

communities have been determined. The results obtained have been
discussed.

8. Urinary composition of normal Bengali subjeci-s.

S. N. Koy, Calcutta.

The average composition of the urine of middle -class Bengalees of
normal health is given. The averages are based on the analyses of a large
number of normal urines each collected over a period of twenty-four hours.
It is found that total nitrogen, urea, inorganic sulphate, and calcium
excretions are greatly lower, chloride excretion is definitely higher, and
creatinine, uric acid, ethereal and neutral sulphate and inorganic phosphate
outputs are more or less the same as compared with the comisponding
figures for normal European or American subjects on ordinary mixed diets.

The significance of those findings are discussed.

9. The electri(!al charge of carbon particles imd their pliago-

cytosis by polymorphonuclear leucocytcH.

S. N. Mtjkherjee, Oalcutta.

Attempts have been made to correlate tlie electrical charges on
carbon particles susijondod in different concentration of sodium chloride

with their percentage phagocytosis under corresponding conditions,

keeping the osmotic pressure of the suspending media constant and equal
to that of normal saline by the introduction of calculated amounts of
glucose and M/16 phosphate buffer of pH 7 -3.

Surface charge of negative particles has been observed to diminish
with increasing concentration of sodium chloride in medium and a slight

reversal of charge at higher concentrations were also observed. The
percentage of phagocytosis increased with the dirnmulion of negative
charge and reached a maximum value near about the neutral point of the
carbon particles which was observ»^ed at a eonoeutration slightly lower
than ()*85% sodium chloride solution.

10.

The elasticity of the lung.

B. B. Sabkar, C-ahnitta.

In a previous work, the author while attempting to tlemonstrate the
pressure variations in the alveoli found that the elastic recoil of the lung,

as determined by the differences of pressure between the inside and
outside of the lung, does not increase, as is supposed, with the distension

of lung. The present work was imdertaken to determine the elastic

recoil of the lung under diffei-ont conditions of distt'iisiori.

The negative pressure, (in the air-tight chamber encasing the animal),

which is keeping the hmg inflated when the iiitrapiilmonary pressure

is kept normal, being the elastic recoil, was mcordod. When the pressure

outside the lung wall (in the chamber) in an inflated lung is made equal to

the atmospheric pressure, the distended lung wall raises the intrapulmonar^^

pressure by an amount equal to its elastic recoil, which was also recorded.
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In every case the results of the experiments on the lung were compared
with the results obtained by using a thin-walled rubber balloon and a
thick-walled football bladder in the same way.

From the results of these experiments it has been fmmd in every

case that, like other substances having elastic properties, these elastic

membranes show an increasing elastic recoil when just getting distended,

but soon reach a limit beyond which further recoil is not possible. In
the rabbit the elastic retjoil in the inflated lung was found to be about
50 to 66 mm. of water.

1 1 . The part played by the elasticity of the lung in respiration.

B. B. Sarkar, Calcutta.

In the previous paper it has been demonstrated that the elastic

recoil in the distended lung remains unaltered. In the present paper
an attempt has been made to find out the part played by this property of
the lung-wall in normal respiration.

In normal respiration the lung-wall is kept in close contact with the

thorax wall, by a negative pressure in the intrapleural space which is

equal to elastic recoil of the lung. The natural tendency of the hmg to

collapse is thus just prevented by this amoimt of negative pressure,

resulting in the lung-wall behaving as an inert membrane, being, as it

were, balanced by two etjual and opposite pressures. Consequently
any pressure differences which are created inside the lung (alveoli) as

the result of inspiratory and expiratory movoraonts are readily transmitted
to the intrapleural space. It has been found that when the intrapleural

pressure is reduced beyond the elastic recoil value of the lung, causing
an active pull on the lung-wall, the respiratory variations of the intra-

pleural pressiuxj cease altogether. They start again when the elastic

recoil of tlio lung is again balanced, as by increasing the intrapleural

pressiue to its former (elastic recoil) value or by jiroportionate reduction
of the intrapulmonary pressure.

Experimental lowering or raising of the intrapulmonary pressure
corrtjspoudingly lowers or raises tho intrapleural prossuro.

12. On tho osrnotio relationship between egg-white and egg-

yolk and the effects of injection of potassium cyanide
and sodium fluoride on it.

N. M. Bash and M. C. Mitha, Calcutta.

These experiments were undertaken to find out if the difforonco
in osmotic pressure between egg-whito and yolk as observed pi’eviously
by Straub and by Hill is due to Donnan membrane eqiiilibrii^n or tlie

vitality of the vitellin membrane separating yolk from white. If the
difference be due to Donnan membrane equilibrium, injection of substances
like KCN or NaF will not disturb this equilibrium ; if due to vital activity
of the membrane, the reverse result will take place. It was found that
after the injection of both KCN and NaF in suitable concentrations,
the difference in osmotic-pressure gradually diminished, although there
was no change in osmotic-pressure in the control eggs in the same period.
The marked diminution in the difference of osmotic-pressure cannot
be wholly explained by the addition of osmotically active substances
caused by the injection of KCN and NaF.

13. Experiments with choline.

W. Burridge and D. N. Seth, Lucknow.
The action of choline in dilutions varying from one part in10 2 to one

part in lO-i* has been studied on the perfused frog’s heart. The drug
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is added to a perfusing solution containing too little calcium to maintain
cardiac activity for more than half an hour and the effect of the drug
is observed by noting its power to depress or stimulate the activity

of such a preparation. Choline acts as a cardiac depressant between
dilutions 10 2 to 10-8. No action is elicited when a dilution of 10 is

used. The cholinised heart not only recovers completely from the
depressant effects after washing but also shows an indefinite prolongation
of activity. This maintenance-capacity of choline has been assumed
to be due to its entering into some firm chemical combination with some
constituent of heart muscle. Certain theoretical implications of the
depressant action of choline on nerve-cells are also discussed.

14.

Variation in the absorption of drugs from the gastro-

intestinal tract.

B. Sen, Calcutta.

Drugs possessing reputed therapeutic properties have not infretiuently

been found to show variations in their offoctivoness. The efficacy of a
dnig is mainly dependent on the normal physiological process of absorption
but this is very likely to be disturbed to a considerable extent by any
abnormality in the secretions of the gastro-intestinal tra(it, the intestinal

flora, the poristalic movements, the conditions of the gall-bladder and the

apiiondix.

Haematology

15. The normal blood picture in Indians.

L. Everard Napier, Calcutta.

The normal blood picture of Indians in Calcutta has boon studu^d
and compared with the normal blood picture of the people of Uanperate
and cold climates. It has been shown that there is no gross differoiKiO in

the haimoglobin or cellular content of the blood in Europe and India

;

if anything, contrary to previous teaching, the hiemoglobin is higher
ij' India. With the possible exception of the higher eosinophilic count,
the differences that have been observed have no pathological explanation.

The blood picture of the so-called normal coolies m tea-garden labour
forces Is also investigated. It has been shown that the moan hiernoglobin
is much lower than that of the city-dwelling Indians though thc^ number
of red cells is about the same. It is pointed out that tliis low level of
hiemoglobiti cannot bo tsonsidered to be due to climatic or raidal factors
but is probably associated with diet and subclinical infection, e.g., hook-
worm infection.

16. Hamioglobin in relation to food requirements.

G. Sankaran, Coonoor.

It is usual in nutrition to relate food requirfimonts and body-weight.
From a physiological point of view, this may be irrational. Two
individuals, one thin and the other fat, may have similar amounts of
metabolising tissue, and their total energy roquiromonts may be similar

though requirements per kilo, are different. There is stiU another factor

to be considered—^the capacity of tissue to utilize nutritive elements.

Leaving pathological conditions out of consideration, the capacity of
tissues in this respect must be dependent on the oxygen present, and
hence will be influenced by the amount of oxygen carried—i.e., hEemoglobin
—^in the body.

The amount of oxygen required for ‘ burning * different foods and
the amount of haemoglobin in circulation needed to carry this amount of
oxygen, are considered. Data are presented showing that, in a series of
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individuals, there was no relation between weight and the hsemoglobin

content of the blood.

Tt is concluded that the latter should be taken into account in con-

sidering food requirernonts. Tll-noin"ished individuals are usually anaemic.

It may be necessary to correct their anaemia before they can fvdly utilize

a richer diet.

17. Mean refl-ocll diameter of South Indiana.

(1. Sankakan and M. V. Kadhakrishna Rao, Coonoor.

A study of the mean rod-coU diameter of South Indians was imder-
taken by a modified area method with a view to establishing normal
standards. The method is simple and less time-consuming than the

original Price-Jones’ method. Data are presented of 25 oases, including

both males and females. A statistical analysis of the data^^howed for

South Indians a mean red -cell diameter of 6*86 microns, with a standard
deviation of 0 28 microns, and coefficient of variation of 4*1 per cent.

These figures show that the mean red-cell diameter of South Indians is

somewhat smaller than that given by Price-Jones (7*202 microns) for

Europeans.

18. The Arneih count in tropica.

Dharmendka, Calcutta

The rf)sults of the Arneth counts of fifty apparently healthy Indians
are reported. The counts show a left-handed shift as compared to the
standard in Britain. The counts are shifted to the left nearly f^o the

same extent as in the case of Iraquis and Chinese. They do not show as

much left-handed shift as do the counts of Alonites in North Syria.

The shift does not appear to be due to any active or latent infections

of a minor degree in apparently healthy individuals or to any racial or
dicTetjc factor. It appears to bo dependent on some environmental factor

or factors which are c<3mmon to the tropical and subtropical countries.

Not much is known about the natui*e of these factors or about the way
in which they bring oul this left-handed shift.

19. A hiTmogiobiu couHtant.

S. S. SoKHEY and Malandkab, Bombay,
For a hamiatologic study of 1^1 normal men and 101 norrnal women

of the Bombay Province, between the ages of 18 and 30 years, all the
lacrnoglobin estimations were made with the Van Slyke’s Oxygen capacity
nxeihod. An average of 15*37g. of hfcmoglobin per 100 c.c. of blood
for men and an average of 12-99g. for women were obtained. These
avoiages tallied exactly with hsomoglobin averages for men and women
worked out in United States of America by the same method, (Men—^Haden,
15*37g. ; Dill, 15-36g. ; Women—Baden ]2*93g.), in spite of the fact that
dietetic habits and the climatic conditions under which the Indian and
American subjects lived were so dissimilar. This observation raised
the cpiestion of a possible hssmoglobin constant. A study has been made
and results-are presented.

20. ‘ Spring ’ of hfemoglobin.

S. N. Mathur, Lucknow.

As a result of experiments done on healthy medical students, it

has been found out that the percentage of haemoglobin shoots up in the
spring months. Man in this respect appears to be in sympathy with the
rest of the nature.
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21. Haemoglobin level of Intliatis at an altitude of 0,000 feet

above mean sea -level.

G. San KARAN imd K. llAJGorAL, Coonoor.

A study oil the haemoglobin content of the> blood of 20 male Indians
in Coonoor (at a height of 6,000 feet above soa-level) has boon carried out,

using the Van Slyke apparattis for determining the oxygen capacity of
blood. The average figure of ha3moglohin was 16*45 grins, per 100 c.c.

Don and Jenkins give tho average of 118 English males as 15*85 grins,

per 100 c.c. Price-Jones, Vaughan and Goddard give 14*71 grms. ha?mo-
globin as the average for 1 00 English adults. Napier found an averages of
14*77 grms. hacimoglobiii in 50 Bengalees. The altitude fad or is probably
responsible for the relatively high ha'rnoglnbin content in Indian at

Coonoor.

22. The normal fiolynucloar (Arneth) count at Hyderabad
(Decjcan).

S. A. Rauman emd M. A. Zaidy, Hyderabad (Deccan).

Eighty-eight healthy men at Hyderabad (Di‘c(;an), from 15 to 45
years of age, werc^ oxaminod for tho total white coll (ioimt and the poly-

nuclear (Arneth) count The total count varied from 4,000 to 13,100,

the average being 7,128. The average weighted mean of thi> polyniKjlear

count was foiuid to bo 2,442. This figure is slightly lower than that

obtained by Kennedy in Scotland, and still lower t han the figures obtained
by Cooke and Ponder. The probablo causes for the low results at

Hyderabad have been discussed.

23. Diurnal variation in the white cell count in tlie tropics.

C. R. Das Gupta, (Calcutta.

It has been shown by workers in Europe and America that there

is a great diurnal variation in the whiter cell count in the normal healthy
individuals at rest and that this variation is independent of the digestive

processes. These observations have bean confirmed by tho writer in

a series of healthy volunteers whose blood coimts were recorded every
hour during tho day. The count usually reached a maximum in tlie

afternoon.

In eight habitual foot-ball players whose blood was examined before

and after a game of strenuous foot-ball in tho summer, no marked louco-

cytosis was seen in any case after the game. Tho diurnal variation in tho
leucocytes ns also the leucocytosis observed under various physical and
psychical conditions, e.g. exorcise, fear, etc., is duo to re-distribution of
ctJlls from stagnated viscera to the periphery and as such, is not
accompauiod by any departure from the normal leucocytic formula in

the Arneth count.

Pharmacology

24.

Hfcmolytic action of sonu* hydrociipreidine derivatives.

R. N. Chopra, B. Mitker,ji, and M. (^hakravarty, Calcutta.

The alkyl ethers of hydrocupreidino have all been synthosizod by
Ghosh and Chatterjee {Jour. In^l, Chem, Soc., 8, 257 ; 9, 83). A
comparative study of tlio hemolytic potency of these compounds with
their corresponding lovo-rotatory isomers and quinine has been made in

this paper.
Red blood corpascles of rabbits and human beings were made plasma-

free by repeated washings and centrifugal!zation and suspended in physio-
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logical saline. To this, equal volumes of different concentrations of

Hyclrocuproidine an<l Hydroonpreiue salts were added, taking special

care to see that the p>l of the solutions were maintained within the constant

range of 5'6 to 6*3. Two series of observations were made : (1) The
minimum time for starting of hemolysis, keeping the concentration of the

different salts constant, and (2) tho minimum concentration just necessary
to produce hemolysis, by keeping tho time of exposure of the corpuscles

to the different dilutions constant. The quantitative hemolytic potency
of tho different compounds in terms of quinine has been calculated from
this latter observation. It was found that the dextro-rotatory hydro

-

cupreidino derivatives wore stronger hemolytic agents than quinine,

the hemolyf^ic potency increasing steadily as the higher homologues were
reached (n-Ocstyl Hydrooupreidine about 100 times stronger than Quinine
Hydrochloride). The addition of serum diminishes tho hemolytic potency
to a very largo extent. Tho levo-rotatory hydroouproines are almost
identical in action to the dextro-rotatory isomers, as far as the^hemolytic
activity is concerned.

25. Comparative action of hydrocupreines and hydrocupreidines

on digestive enzymes. Part I. Carbohydrate digestion.

B. Mukbbjt and N. K. Iyengar, Calcutta.

The comparative inhibitory action of a series of dextro-rotatory
hydrocnpreidinc derivatives and their corresponding levo-rotatory isomers
on salivary and pancreatic amylase and on yeast invortase was studied.

Quinine has been taken as tho standard for comparison.
Tho method of Willstatter, Waldschrnidt-I^c'itz an<i Hesse (Z. ph\j8ioJ.

chetn., 126, 143, 1923), based on the determination by iodomotric titration,

of tho amount of reducing sugars formed after the n^action, was employed.
The particular compound to be tested was added in a concentration

(0*1%) which is approxirna,tely equivalent to the concentration in the
digestive secretions, of a therapeutic dose (10 grains) of quinine. Tho
reaction mixtures were raaintainod under tho optimum conditions with
regard to temperature, pH, etc. for enzyme action. Contrary to previous
reports, the levo-rotatory hydrocupreinos were found to be fai* more
powerful inhibitors to the amylases than the dextro-rotatory hydro-
cupT*eidines. Quinine comes in between the two groups, being generally
weaker tliari the higher members of levo-rotatory hydrocupreinos but
stronger than the dextro-rotatory hydrocupreidim^s. Tho lower members
of the hydrocupr(*idine series do not appear to possess any inliibitory

action at all on invertase activity while the higher homologues are
definitely more potent in this regard. The possible mechanism of this
inactivation has beem discussed.

2(). Studies on the effects of some cardiac drugs on heart
cxplants.

R. N. Chopra, N. N. Das, and B. Mukerji, Calcutta.

It has been noticed (Murray, 1934) that fragments of heart tissue
from Chick embryos (6 to 8 days old) if kept in a nutrient medium contain-
ing homologous plasma and embiy'onic extract, exhibit certain character-
istics in the nature of their throbbing and their growth. In the present
investigation, the effects of a few well-laiown cardiac drugs, e.g. lanadigin
(crystalline glucoside of D. lanata% thevetin (crystalline glucoside of
7’. neriifoUa), ouabain (crystalline glucx>side of G. strophanthtia), caffeine
and cardiazol, on these heart explants were studied in the hope that the
observations on such simple, nerve-free embryonic preparations woidd
throw light on the true mechanism of their action on heart tissue.

The effects on both the (1) fibroblastic growth of cells and the (2) rate
of throbbing of the heart tissue were recorded. It was .found that both
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lanadigin (1 ; 600»000) and thevetin (1 : 50,000) stimulate the fibroblastic

growth of tissue cells but inhibits the rate of boat of the heart explants.

Strophanthin (1 : 4,000,000) does not seem to possess any stimulant effect

on the tissue growth but brings about a definite inhibition in the rate of
throbbing. Caffeine (1 : 60,000) and cardiazol (1 in 60,000) are both
stimulants to the growth of tissue cells as well as to the rate of boat of
the cardiac explants. Caffeine further seems to prevent the normal
occurrence of fatty degeneration in these explants and maintains the
beats for a longer period than the controls kept under identical conditions.

The theoretical implications of these interesting results are discussed.

27.

Pharmacological action of ‘ skimmianine '—an alkaloid

obtained from Skimmia laureola.

K. N. Chopra, G. S. Chopra, and J. C. Gupta, Calcutta.

An alkaloid skimmianine has been isolated from the loaves of Skimmia
laureola, a glabrous shrub belonging to natural order Rutaceae. Tlie

alkaloid is insoluble in petroleum other, sparingly soluble in ether and cold

absolute alcohol, soluble in hot alcohol and readily in chloroform. The
purified alkaloid is obtained is yellow rhombic octahedral crystals meltmg
at 176°-176*’C.

The important pliarmocological effects of this alkaloid arc the rise

of blood pressure, inhibition of the tone and movements of the plain
muscles of the intestine and constriction of bronchioles. Those effects

appear to be due to stimulation of sympathetic. It is observed that the
action of this alkaloid on the sympathetic is predominant in the case

of heart and intestine.

28. Antagonism of ergotamine on adrenalin.

B. Narayana, Patna.

The action of ergotamine on the vessels of the hind limbs of the frog
was investigated. The results show an uncertain action of the drug
on the preparation. J^erfusion with adrenaline following ergotamine
causes vaso-constriction. There is no evidence that the action of adrenalin
is suppressed or reversed by ergotamine.

29. On the influence of adrenalin and acetyl-cholino on the
effects of calcium and potassium ions on the onset of
fatigue in skeletal muscles of frog.

N. M. Basu and G, C. Mukhbrjee, Calcutta.

Skeletal muscles of frog were kept bathed in a muscle trough filled

with Ringer’s solution and stimulated repeatedly by means of a neon-lamp
stimulation unit. The effects of adrenalin and acetyl cholme and of calcium
and potassium ions in different concentrations on such preparations were
noted. The results are as follows :

—

(a) With Ca and adrenalin lack, fatigue is delayed but the contrac-
tions are weak and the contraction remainder is slight.

(h) Addition of adrenalin or sub-normal amounts of CaCl2 makes
the contractions more powerful and causes an early onset
of fatigue, whereas, the addition of both causes still more
powerful contractions emd an earlier onset of fatigue.

(c) With further increase in CaCl2 concentration the contractions
become more marked but fatigue is delayed. Addition
of adrenalin augments these effects.
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{d) If the coriooiitration of CaCl2 be five times the normal amount,
then alsu the augmented contractions and delayed fatigue

are noticed but the addition of adrenalin quickens the onset

of fatigue.

(r) VVitli K lack, contractions are strong and fatigue is delayed.

Addition of KCl ({uickens the onset of fatigue in proportion

to the amount added, but the addition of acetylcholine

helps relaxation and delays the onset of fatigue.

(/) If the concentration of KtU bo mm? limes the normal amount
both contractions and relaxations are rcMluced, the former
more than the latt^er and the onset of fatigue is 'much
quickened. Tht' addition of acetylcholine to the solution

delays the onset of fatigue.

30. On tho intltieiu(' ol Ca and K ions on the alteets of

adrenaJino anti tu^etylclioline on frog’s heart.

N. M. Basu, 8. K. Maitalajs’obls, M. C. Mitha, and G. G.

Baneejke, Calcutta.

The effects of adroualuie and acotylehohne. and the uiannoi* in which
these effects are modified by the proserwo or absence of different concen-

trations of calcium and iiotassium ions w^ere observed in perfused frog’s

heart. The results obtained are stated below :

—

() In Ringer deficient in Ca, tho hemrt-bcat stops after some time,

but tho addition of adrenaline prevents this stoppagcj of

heart' beat. This action of adreualiuo is not sccin when an
excess of calcium is added to tho perfusion fluid.

() In tho absence of Ca acetylcholine is quite effectives but with
tho addition of incroasing (piaiitities of Ca tho effect of
acetyJeholino becomes less and less evident. In the absence
of potassium however the acetylcholine action does not take
place readily.

(r) If tho vagus nerve is stimulated by a weak and ra])idly inter-

mittent current while the heart is being perfused witli

calcium-free Kirigor solution flu* heart boat is slowetl and
reduced. "J’ho effect of vagus stimulation is not noticeable
if a small amount (subnormal) of calcium is added to tho
perfusion fluid.

(d) In potassium free Ringer solution adroiialino augments the
heart beat but makes tho heart stiff', but with the addition
of K, the augmentation effect of adroiialino is less marked
and the stiffness of heart does not result.

31. On the effects of adrenaline, histamine, pliJoridzin and
cobra venom on blood vessels.

N. M. Basu and G. C. Mukherjee, Calcutta.

These experiments were performed on frogs by the vessel perfusion
method which has been slightly modified in accordance with the needs.
Tho rate of outflow was measured by a thermionic drop recorder and
tracings were taken. The known effects of adrenalin wore compared
with those of phloridzin, histamine and cobra venom. It was found
that whereas adrenalin brings about immediate constriction of blood
vessels, phloridzin causes constriction after some time. The effect of
adrenialine is temporary but phloridzin effect is more lasting. Histamine
brings about vaso -dilatation immediately and this effect is temporary.
Cobra venom has no effect on the tone of blood vessels.



(11) Section XII
,
Physiology, 287

Biochemistry

32. Tota] ascorbic actid content of bunian blood.

S. K. Gokhalk, Bombay.

The blood of eighty normal yoimg Indian maloB has boen oxainiiKul

for the total ascorbic acid content. Tho method of Mirsky, SwiKi<)sh,

and Soskin (Proc. Soc. Exp. Biol. Mod; 1935, 32 , 1130) was used. 3’lie

procedure (3onverts any oxidised material into tiio mdmjed form and this

enables the determination of tho total content of ascorbic acid jirosont

in the reduced form. Fasting blood samples were used. Tho values
obtained gave a mean average of 1*80 mg. por 100. c.c of blood, with a
range of l*20-2*54 mg. per 100 c.c. Tho subjects were young modical
students mostly from the Bombay Presidency of ages between is and 32
years. The results obtained showed that the moan total ascorbic- acid

content of those on vegetarian diet did not differ significantly from that

of those on mixed diet.

33. Actinomyces—their biochemical reactions as aids iji their

classification, Part I. Reduction of nitrates.

L. M. Ghosh, B. Cohosh, N. R. Chatteujek, and A. T. Di tt,

Calcutta.

The classification of the group of micro-organisms, gesnorally designaU'd
as actinomyces, is still very unsatisfactory, and \uirious authors have
put forward various schemes of classification based on tho morphology,
clinical characters, physiological properties, etc. A study of flu* bio-

chemical property of the reduction of nitrates of abimt 31 species of

actinomyces in Czapeck’s S3mthetic liquid media, without the use of iron

salts, has been made. These have boon found to fall into tlm‘o iiuiin

groups. A rnodifiod scheme of classification is suggested and it is bidioved
that further studkis on this and otlu5r bioclieniical reactions will give
more significant data for a better and more satisfactory classification.

34.

Some biochemical findings in luises of anamiia of pregnancy
and in normal pregnancies in Bengal.

H. N. Chatterjee and S. M. Ghosh, (klciitta.

Ih'ognancy aniemia in Indian women is not primarily a hicinolytic

anaemia as shown by the Van den Bergh test and estimations of bilirubin

although in the later stage of tho disease the Van den Bergh tost might,

indicate some amount of haemolysis. The condition has a soasonal
variation in Bengal. It st.arts with tho rains and has the maximum
intensity during the height of the rainy season.

It is possible that an excessively moist atmosphere intorforos with
the excretory function of the skin and thereby puts an additional burden
on the kidney which has already to perform an extra amount of v'ork

in pregnancy. There is also a decrease of the serum albumin and the
absolute increase of the serum globulin with a disturbed albumin : globulin
ratio. This changes tho osmotic pressure of the plasma and might b(5

instrumental in the production of the associated oedema. The distui bod
albumin : globulin ratio is also present in some of the normal pregnancy
cases examined.

A very remarkable feature is the marked decrease in blood cholesterol

(instead of tho nonnal increase) which might inhibit the formation of

the red cells of whoso stroma it is an important constituent. There is

a possible vicious circle and correlation between the low blood cholesterol

and the retention of nitrogenous products and chlorides, in other w ords.
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between the bone-maiTow and the kidney functions aggravating each
other and resulting in progressive aniemia and oBdoma.

36. Some obHervations on the inciden(;e of malocclusion of

teeth in Indian children of all communities.

H. EiiLis C. Wilson and D. I). Mitra, Calcutta.

The incidence of malocclusion including displaced and rotated teeth

has been studied in some 3,000 children of both sexes. As regards the

different communities the highest percentage was found among the Anglo-
Indians followed by the Marwaris, Hindus and the Moslems. Taking
any one community the highest incidence was observed among the poomr
class. Tt would appear that probably diet alone is not the only factor.

There does not seem to bo any correlation between caries and malocclusion.

In general those with malocclusion showed no signs of caries. In any
one community of the same economic, class there did not appear to be

any ilifferenco between the sexes.

36. Glutamic acid dehydrogenase from germinating seeds.

Manayath Damodaran and K. Bamakrishnan Nair, Madras.

In view of the hypothesis recently advanced by Krebs on the part

played by glutamic acid deaminase in the synthesis of glutamine in

animal tissues, the existence of deaminases in seedlings was investigated,

as in the latter, amide-synthesis is a well-established fact. A specific

glutamic acid dehydrogenase has been detected m some seedlings of the

leguminous family ; but only in throo out of a dozen species examined
could its presence be demonstrated.

The enzyme belongs to the group of ‘ oxytropic dehydrogenases
’

reacting with substrate either in the presence of oxygen or of methylene
blue. It can be obtained in cell free extracts and can be concentrated
by precipitation with ammonium sulphate (full saturation). It has an
optimum pH of 7*8 and is wholly inactive below pH 6*9.

In manometric experiments the rate of oxygen uptake is not influenced

by hydrogen carriers like methylene blue, ascorbic acid, glutathione,

or l-3‘4 dihydroxy-phenylalonine. Potassiiun cyanide or areonito up
to a concentration of *002M has no inhibitory action, but with higher
concentrations the oxygen uptake falls slowly though inhibition is not
complete even at a cyanide concentration of 0-2M.

The oxygon utilised corresponds to one atom of oxygen per molecule
of glutamic acid. The product of the oxidation has been shown to be
a-keto-glutaric acid which was isolated as its 2*4-dinitro-phenylhydrazone.

37. The role of carotene in metabolism of fats. Part I.

—

Seasonal variation of Beichert value, iodine number,
carotene and vitamin A contents of butter fats.

S. M. Das Gupta, Calcutta.

About 4 to 15 samples of butter fats prepared in each month were
analysed for their Beichert value, iodine number, carotene and vitamin A
contents. It was observed that the Beichert values and carotene contents
on the one hand and iodine number and vitamin A contents on the
other tend to be higher in the winter (November to February) than
in the autumn (July to October). Prima facie, the results obtained are
contradictory to the data obtained in western countries where the lowest
Beichert values and carotene contents of butter fats have been obtained
in the winter. The explanation of this is probably to be found in the
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grazing habits of the cattle in this country and the availability of grasses
and leafy vegetables of high carotene content during winter.

38. The role of carotene in the metabolism of fats, Part IT.

S. N. Das Gupta, Calcutta.

It is generally held that the first stage in the metabolism of fats

is the desaturation of the fatty acids and then oxidation takes place by
the well-known process of beta-oxidation. The constitutional formula
of carotene at once suggests that it can act as a hydrogen at^coptor in tlio

process oF desaturation or as an oxygenated compound in the process of
oxidation. Moreover, Euler and his school consider that vitamin A
is a reduced fragment of carotene. If such bo the case, then the processes
of desaturation and oxidation of fatty acids are closely connected
with the carotene and vitamin A contents of butter fats. To tost this dual
function of carotene, feeding experiments have been carried on two
healthy cows with rations of high and low carotene contents resembling
those of the autumn and the winter feeding-stuffs. It has been found that
by ingesting fmsh grass of high carotene contents (3-(> mg. per 100 gm.)
the Reichert value gradually rises (from 2f>*2 to 28d)) but again falls when
the cows are again fed on hay The results obtained are in close agree-
ment with the hypothesis suggesteil above.

39. Investigation of vitamin and content of Soya bean
(Olycine hispide) tiy biological method.

K, P. Bash and Md. Abdul Quader, Dacca.

Black tyjie of soya bean was investigated in throe percentages

—

15% ; 25% ; 40^0 the diet for vitamin Bi and B2 determination by
biological method. The value for Bi has been found to be 165*59 inter-

national unit per JOO gms. of soya bean. Soya bean contains a fairly

good amount of B2 . 'fhe behaviours of the individual rats on different

percentages of soya bean content are sliowii in gra]>hs.

40. Biologii‘al value of protiuns of ‘ Arhar ’ (Cajanus indicus)

and black gram {PJmseolus murigo^ var. Linn) by balance

Ksheot method and by growth of young rats.

K. P. Basu and Md. Abdul Quader, Dacca.

The biological values of ‘ Arhar ’ {Cajanus indicas) jiroteiris by
balance sheet method at 10 and 15% levels of protein coriconcentration
are 54 and 48 respectively, while those of Fhaseolus mumjo at the same
levels are 75*8 and 65*9. The biological values thus decrease with increase

of concentration of protein.
The protein values of Cajanus indicus at 10 and 15 per cent, levels of

protein are 12*8 and 10*34 respectively while those of Fhaseolus mumjo
are 21*44 and 17*08 respectively.

Growth per gm. of protein ingested at 15% protein concentration
in the case of Cajanus indicus is 0*89 and of Phaseolus mimgo 1*09, while
that at 10 per cent, eoncontration in the case of Cajanus indtcus is 0*69

and in the case of Fhaseolus mungo 0*85.

41.

Deficiency of calcium and phosphorus in average

Bengalees.

8. K. Sen, Calcutta.

The amount of calcium in the serum does not throw any light

•regarding its amount in the bone reservoirs. In an average Bengalee
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adult its concentration in serum is nearly normal, but the bone shows a
marked deficienc'y in both calcium and phosphorus. T’ho estimation
of calcium in human as well as cow’s milk also gives figures lower than
the accepted normal. The possible causes for such low figures have been
discussed

.

42. A cjoniparative study of glycolysis in normal and diabetic

blood

.

Pbemankitr De and Sukumar Bhattacharyya, Calcutta.

The rate of glycolysis in oxalatod blood in noimal and diabetic cases

was studied. (llyc‘olysis takes place in drawn normal oxalatod blood
at a rate of 3*83“()-50 ingm. per hour por 100 c.c. of blood (average 0*05

mgm. por hour i)er 100 c.c.) during the first 4-5 hours of observation.

In oxalatod diabetic blood, glycolysis proceeds at a rate of 4*0- 16*0

mgm. per hour per 100 c.c. of blood (average 4*fil mgm. por hour per 100

c.c.) which indicates a depression of about 23*8 per cent, from the normal
blood. This high rate however falls after 4 to 5 hours when glycolysis

proceeds at a continuously decreasing rate.

43. Glycolysis in drawn blood in 24 hours.

Premanktjr De and Hxjkttmar Bhattacharyya, Calcutta.

Complete glycolysis does not take place in 24 hours in oxalated blood

.

The iiereentago of sugar glycolysed is foimd to bear a more or loss inverse

ratio to the initial sugar concentration. Ai'cumulation of lactu; acid has
been suggested as the probable cause of diminution of glycolysis in later

periods.

Tho amount of nori-glucoso copper-reducing substances m blood
has been found to bo about 6-8 mgm. per 100 <*.c. of blood.

44. The influence of ingestion of ascorbic a(dd on the vitamin C
content of milk.

M. N. Rxtdra, Patna

It has boon found that by allowing a goat to ingest large amounts
of ascorbic acid (5 to 22-5 mgs. per kg. body weight), th(» vitamin C content
of its milk could bo raised by about 50 per cent.. When t/he goat was
put on a vitamin C free diet for 7 days, tho milk was about normal in

vitamin C content as during grazing. A dose of 50 grams, of glucose for

15 days now raised the vitamin C content of milk.

45. A study of the exchange of dissolved substances between
a voluntary muscle and saline solutions.

A. Gaefar, Nagpur.

When a muscle is immersed in a saline solution, an exchange of
substances dissolved in salme and the muscle water takes place, till an
equilibrium is established between the two. The composition of the
saline, while keeping it osmotic with the muscle, may be varied by adding
various substances to it, and thus the diffusion of various substances
into and out of musclo can be studied. By suitable calculations, the
ratio between the portion ofmuscle-water into (or out of) which a substance
can diffuse, and the portion which does not ^low such an exchange can
be delennined.

This method has been employed in studying the rate of diffusion
of urea, bicarbonate, histidine, lactate, iodide, etc. through the living
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voluntary muscle of frog. The results iudioate that these substauoos
may be divided into two groups : (A) substances that can diffuse through
tho whole of muscle water, e,g. ui*oa, histiduio and carbon dioxide. (B)
substances that can diffuse through a portion of muscle water (* nitorspaco

’

water) only but is unable to diffuse into the rest of it (< coll’ water).
To this group belong lactate, iodide, chloride, bicarbonate, etc^. Further,
in every cast) it is foimd that ‘ interspace water ’ forms about 1/3 and tho
cell water about 2/3 of the total muscle water.

46.

Tho action of choline in the provi^ntion of fatty livers

produccid by aiitcjrior pituitary extracts.

B. Mukerjt and K. C. Guiia, Calcutta.

Best and his co-workera (1932-1936) made tho interesting observation
that the feeding of choline chloride prevents the marked increase in tho
concentration of liver fat which occurs in rats on fasting, on cholesterol
feeding and by diets rich in fats. They further obsoived that tho injection

of anterior pituitary extracts causes a considerable deposition of fat in
tho livers, in this communication, an attempt has boon made to see
whether the feeding of choline prevents the incniase of liver fat produced
by the injection of anterior pituitary extracts.

Throe groups of rabbits were kept on a staiiilard diet and troatod as

follows (a) Normal controls without any injection, (/>) injoction of
anterior pituitary extract

;
(c) choline feeding (500 mg /kg.) for 8 days

and anterior pituitary injections. The rabbits wore killed 20 hours after

anterior pituitary injections and the content of liver fatty acids and their

iodine numbers wore determined. The average fatty acid content follow-

ing injections of anterior pituitary extract was 6-50 per cent. The animals
fed with choline chloride did not show any significant diminution in tho
concentration ef livor fatty acids (5*82 per cent.) and there was no noticealile

difference m the iodine numbers. It seems probable that the mechanism
by which fatty livers are produced by injections of anterior pituitary
ext racts may not be tho same as that responsible for causing fat deposition
after ('holestorol and fat feeding. The theoretical implications of these
possibilities have been discussed.

47. The relative (iomposition of blood and lymph in filarial

infection.

Bi. N. Chopra, S. Hundar Rao, and S. N. Mukherji, Calcutta.

Estimations have been made of various componontssuch as cholesterol,

fatty acids, inorganic and organic phosphoras, albumen, pseuilo-

globulin and euglobulm of blood and l3rmph obtained from patients in

different stages of filarial infection and the results are discussed. An
appreciable incre^aso in the cholesterol content of the blood of the affected

persons is noticed. The lymph in filarial diseases appears to lie excep-
tionally rich in proteins in mlation to blood serum and is strikingly

different in this respect from Ijrniph obtained from cases of oedema due
to other causes.

48. lonisable iron in Indian food-stuffs.

J. C. Pal, K. L. Roy, and B. 0. Goha, Calcutta.

Although iron has been estimated in some Indian food -stuffs and
dietaries, there is no record yet of tho percentage of ioiiisable iron present,

which is more important from the nutritional standpoint. The estimation

of ionisable iron has, therefore, been carried out in a number of Indian

food-stuffs and dietaries and it has been found that its content is consider-
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ably low compared with the total iron content. In the estimation of

the value of a food -stuff, the ionisable iron content should rc^eoive major
consideration, as on this will depend the absorption and uf iiization of

iron in the body tissues.

49. A study of the dietary habits of some communities living

at Cahaitta.

D. T). Mttra, Calcutta.

In this paper an attempt has been made to find ouf. statistically

the number of times of consumption of some common articles of food
per boy per day, amongst the four chief communities residing in Calcutta,

viz : Bengali Hindus. Marwaris, Mahommedans and Anglo-Indians. The
boys in general belong to the better off classes of their respective commu-
nities. The eornparison has been made in terms of the ‘ daily index ’

which has been taken as the ratio of the number of times of daily consiimj)-

tion of a particular item of food to the number of children consuming it.

Data have been collected regarding nine common dietary constituents,

viz. (i) rice, (u) broad, (iii) pulses, (iv) vegetables, (v) fruits and nuts, (vi)

milk and milk preparations, (vii) fish, (viii) eggs, and (ix) meat. A few
typical examples of the maximum indices obtained aro given below :

—

Rice— 1*6 (Bengali Hindus) ; bread—2*8 (Anglo-Indians)
;
pulses—V5

(Bengali Hindus)
;
vegetable—2*4 (Bengali Hindus) ;

fish— 1*4 (Bengali

Hindus) ; meat—1*3 (Mahaininedaus and Anglo-Indians).
It appears, among other points, that the Mohammedans and the

Anglo-Indian boys take less often the pulses and vegetables and more
often meat, fish and eggs than the Hindu boys.

60. Vitamins Bj and Bg-conient of a few (‘onimon prepara-

tions of rice.

H. G. Biswas, Calcutta.

C/iira (flattened rice), Khai (fried paddy) and Muri (fried rice) are
important preparations of rice, widely used as supplementary diets by
the masses of Bengal.

The biological assay of vitamins Bi and B2 of these food stuffs was con-
ducted on young albino rats. Five rats of each group dofieient in vitamins
B| and B2 respectively were jiut on 2 grams, of each sample daily for

3 weeks and tlio average weekly growth was determined. The amount
which fed daily to the deficient rats jiroducos a weekly gain in weight of
10 g. for the above period, is r<5garded as tho unit- of these vitamins.

It was found that (1) {a) 100 g. country-made (-hira from a coarse
variety of Aman paddy gave 34* .'5 units Vitamin B^ and 18*5 units Vitamin
B2 . {b) 100 g. local fine C/iira gave 22*5 units Bi and 1 2*.'> units B2 . (2) 100 g.
local A/w?' gave 14*5 units Bj and 11 units B2 . (3) 100 g. local Khai gave
13 imits Hi and 14 units B2 . Experimental details are given in the paper.

51. Nutritive value of the proteins of Ruliee (Loheo Rohiia)

and Hilsa (Glupm lliaa) by nitrogen alance bmethod.

K. P. Bash and H. N. Dis, Dacca.

An attempt has been made to estimate tho ‘ biological value ’ and
digestibilityofthe proteins derived from two common edible fishes available
in Bengal imder different conditions of treatment, e.g. steam-drying and
sun-drying. It is foinid that the biological value of steam -dried Euhee
meal at ii, 10, and 15% levels of intake are 84, 78*8 and 73*3. The corres-
ponding %alue8 for the steam-dried Hilsa are 78*6, 69*6 and 60*5. The
biological value decreases with increase in tho concentration of the protein.
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There is no change in the digestibility of the protein. Ihological value as

well as digestibility increases when the meal is prepared by drying in

the sun. Low er biologuail value and digestibility in the case of stcjam-dried

product is due to the effect of temperature on the quality of proteins.

Ruhee fish is superior to the Hilsa fish as regards biological value as well

as digestibility of its protein uruler both processes of preparation of the

meal.
The supploinimtary effect of the Ruhce fish protein on tiie proteins

of the pulses—Lathyrvs mttva and Lentil is also observed. The protein

values of Ruhee and Hiha fish proteins under both processes of drying
the fish at 10% level of intake are as follows :

—

Steam-dried Ruhee 16*72 Steam-dried Hllsa 10*9

S

Sumh'ied 19*46 Sundried 13*13

52. Nutritive value of the proteins of Euhee (Loheo RoJiita)

and Hilsa (Clupea Ilisa) by the growth of young rats.

K, P. Bash and H. N. I)e, Dacca.

Proteins of steam-dried Ruhee and Hdsa were fed at .5, 10, and 15

per cent, levels of intake. The growth per gram of protein at 10 and
15 p.e. levels are 1*55 and 1*S6 m the case of steam-dried RuheCy and 1*32

and 1*51 m the case of steam-dried Hilsa. When the protein of the diet

is at 5 y).c. lc‘vel, the value for Ruhee is 1*46 wdvereas in the c.ase of Hilsa
no growth is <ibserved.

Hats on sundried Ruhee and Hilsa meal at 1 0 i>.c. pr otinn concentration

show greater growth than those on steam-dned meals at the samt^ level

of intake. For the growth of young rats, however, Ruhee fish protein

is immensely superior to that of Hilsa fish at all proeosses of drying. There
appears to be a disliiict differetiee in the rate of utilization of tiie proteins

by male and female. This may be explained by the more rapid growth
of male rats as compared with the female rats.

Marked suyiplemental effect of tlu' Ruhet fish proi/eiii on the proteins

of pulses as Lathyrus satrra, Fiold-iJea, (ireeii gram and Lentil is observed

and this is of groat' practical importance in human dietetics. 1'he rnam-
tonanee requirement for rats varying from 50 grin, to 60 grm. of body
weight appears to be 4 grm. of protein from these two pulses for a period

of 8 w’oeks.

53. Determination of the Vitamin A content of the liver and
body oils from Ruhee (Loheo Roliita) and Hilsa (Clupea>

Ilisa) by the biologitjal metliod.

K. P. Bastj and H, N. De, Dacca.

The Vitamin A potency of the liver oil is higher in Ruhee fish than in

Hilsa. The international units of Vitamin A contained in one grm. of the
liver oils of Ruhee and Hilsa are 461 and 119 respectively. The potency
of one grm, of the body oil of Ruhee is J 27 international units w’hile that of

the Hilsa body oil is nil. The figures for unit values are computed by
comparison wuth the International standard of Vitamin A (carotene)

obtained from the nutritional research laboratory at Cooiioor, South India,

64. The chemistry of bone extract.

C. A Rothbnheim and S, S. Cowlagi, Bombay.

The paper deals with the preliminary lesults of the (‘heraistry of an
extract prepared from bone, blood and blood serum. The extract has
the property of haBt>ening the healing of broken bones where the natural
process is slow. It also stiffens pseudarthrosis. Preliminary n^sults show
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the pre«t*nro of Na, K, P, and C, but the absence of histamin^ or thyramin
and of the already known bone ferments.55.

Biochemical studies in monkey haomoglobinuria.

K. V. Krishnan and N. G. Pai, Calcutta.

Rainplt's of blood from monkeys (spleneetoinised and non-splenec-

tomisofl) infected with P. knowloHi were examined during the following

stages of infection:—(1) normal state, (2) after splenectomy. (3) after

infeetioTj and during incubation period, (4) during parasitological period,

(5) final reading prior to the onset of either (a) haemoglobinuria and
death, or (?>) non-ha‘moglobinuria and death, or (e) cum. The constituents

examined were
: (1) cholesterol—total, free and ester, (2) total fatty

ardds, (3) phosphorus derivatives soluble in alcohol-ether mixture, o.g.

lecithin and allied compounds classified as organic phosphorus, (4)

inorganic phosphorus, (5) glucose. The results obtained showed that
beforfs the onset of haemolysis and haemoglobinuria, there is—(1) generally

a fall in total cholesterol, (2) a rise in ester cholesterol indicating the

production of fatty acid in the system, (3) a marked Jail in free cholesterol,

(4) a rise in inorganic and organic phosphorus, and (6) a marked fall

in blood sugar. These results, specially No. 3, were characteristically

different from those obtained for monkeys not developing haanoglobinuria.
Although haemoglobinuria in monkeys is not completely similar to black-

w'ater fever m man, the results suggest that the hacmolysin involved
in human blackwater fever may be of the type of an unsat urated fatty

acid which acts when free cholesterol is low.

Anatomy

56. The fate of the Duct of Cuvier in man and certain other
mammals.

M. A. H. SiDDiQT and R. V. Singh, Lucknow.

The large \TnouR trunks in man and in eleven difTorent typos of
mammals have been mvesttgated. Thc< arrangement of veins in the region
of Superior Vena Cava and the coronary sinus has also been studieeJ.

As a result of this investigation it is observed that three definite
types of arrangement exist. These have been discussed from embryo-
logical standpoint.

57. The knee-joint in the climbing Marsupials.

B, M. Lal, Hyderabad (Deccan).

Three specimens were dxmected—Dasyurus viverrinus, Didelphys
A vrila, and Dendrolayiis Jnnatus.

In all cases, the proximal surface of the head of the fibxda takes
part m the formation of the knee-joint, and articulates with the lateral
condyle of the femur. There is considerable movement between tibia
and fibula at the proximal tibio-fibular joint. The joint is capable of
forward and backward movement and a certain amount of rotation.
As the fibula is in contact with the lateral condyle of the femur during
the flexion of the knee-joint, when the tibia and fibula are forcibly pressed
together by the action of the popliteus and the tibio-fibular interosseous
muscle, the forward and inward movement of the fibula causes the knee-
joint to extend with considerable force. This action is necessary in these
animals on account of a feeble cartilaginous patella, which is imable to
give sufficient leverage to quadriceps femoris. The extension thus started
is carried on by the external or fibular collateral ligament dragging the
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femur above the axis of rotation after the advancing head of tho fibula.
Tlie movement at the proximal tibio-fibular joint and tho articulation
of the head of tho fibula with the lateral condyle of tho femur is a vestige
of the roptilean joint. Popliteus muscle do<’S not gain origin from tiio

lateral condyle of tho femur, but only from the proximal part of the
fibula and the aijtion of the muscle is not of flexion, but rather pronatif>n.
The muscle is continuous with tho lateral meniscus of tho knee-joint
indicating the derivation of the ligament from that muscle.

The kneo-joint is primitive in those marsupials in tho following
respects :

—

1. The head of the fibula articulates with the lateral condyle of the
femur anrl takes part in the formation of the kn(*o-joint.

2. Ihere is movement between the fibula and the tibia in tho proximal
tibio fibular joint.

3. The patella is cartilaginous.

4. Some of the ligaments are doubled.
5. Tho rotular surface of tho femur is shallow or flat.

58. Some features of interest in the posterior limb of
‘ Paradoxuriis T^iger ’ commonly known as ‘ Bijju

B. M. Lal, Hyderabad (Deccan).

The mosoglutcMis and (^otogluteus rnuseles have a caudal origin and
are associated v ith tho muside Ischiofemons which possesses caudal
and ischial heads of origin. Hamstring mass possosses the caudal head,
Flexor Ca]iut dorsale which arises from the verh'bra* and joins tho Semi-
tendmosus muscle, Tho Ectogluteus imisck' and Adductor Magnus
and Tensor P’ascia lata are laminated. Tho Tibialis posterior, the tibia

and fibular flexors form one muscular mass.
The chief primitive characters in the animal are : lamination of some

of the muscles ; absence of the origin of ectogluteiis muscle from tho iliimi
;

survival of the c,audal head of origin of flexor cruris muscle
;
presentse

of Ischioh^moris and Tenmssiriius muscles, and undifferentiated solous

muscle and a very largo Plants ris muscle.

59. Development and abnormalities of the heart.

H. Hydbb Alt Khak, Hyderabad (Deccan).

The pericardial area is a mass of Mesoderm situated in tho extreme
cephalic end of the embryo (PTg. J). Two primitive Aortae appear
111 this regu)n and are joined by vitelline veins fi-om the yolk-sac and the
umbilical veins. As tlio embryo is bent the pericardial area is brought
down and the primiti\() aorta is also bent giving rise to the ventral aorta,

the lirst arch and the dorsal aorta. The caudal portions of the two
ventral aortie fuse together to form a heart tube which i*e(!eives tho

vitelliiH* veins, the umhili(‘al veins, and the precardinal and postcardirial

vtiins from the cejihalic and caudal portion of the body unite into a single

trunk called the Duct of Cuvier (P'ig. 2). Tho heart tube contracts

rhythmically and maintains the circulation. Constrictions divide the

heart tube into the trunciis arteriosus, bulbus c.ordis, ventricle, atrium
and sinus veiiosus (Fig. 3). "Jlie truncus arteriosus splits into tho

puhnonary artery and the ascending aorta ; the bulbus cordis and ven-

tricle from tho mature ventricle, and the atrium and the sinus venosus
become the mature atrium. Two elevations the endocardial cushions

grow in the atrial canal from the septum mtennediuni and divide the

canal into right and left (P"ig. 4). Septum priinum grows into the

atrium and joins the septum uitennodiuin ; the opening between the two
is called the ostium priinum of Bom. Before the opening is closed

another opening ostium secundum of Born is formed in the septum pri-
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mum. The flov()lf)pment of BCptum secundum acts as a flap valve till

birth and allows blood to flow fn>m right to the left atrium only. This

opening is foramen ovale. Aft-er birtli the two septause and the foramen
ovale IS closed. The ventricle is divided into right and left by the cre-

scentic septum inferius which develop.s upwards (Fig. o). Four endo-

cardial cushions appear m the biilbus cordis, the two lateral again divide

into two each. Th(' ventral pair together with the ventral cushifin form
the pulmonary valves and the dorsal pair togethi'r with dorsal endocardial

cushion fonn the aortic vah^es (Fig. 6). 'J’he atrioventricular valves

are derived from th(^ septum mtennodium medially and the invagination

of the atrial canal laterally,

Ahnormnlities. (/» poffUion.) The heart may fail to descend
(cervical heart), may pass in the abdomen through a diaphragmatic hernia,

may he situated on the right side, dcxtroeordis (accompanied by transposi-

tion of the viscera), thoracic wall being deficient—ectopia cordis.

(Tn structure >)
Abnonnality may effect the septum, the openings, the

valves or the great vessels, such abnormal if ies being multiple, incomplete
developmeiif' of the interatrial septa (patent foramen ovale) is iisually

accompanit‘d by a patent ductus arteriosus and sf enosis of the puhnonary
artery. Deficiency in the septum infi'rius (with only one vinitnclo). Defi-

ciency of valve due to iuc^ornplete development of endocardial cushions.

Over-development of the endocardial cushions causes stenosis. The main
vessels may be absent or transposed and lastly the ductus arteriosus may
remain patent.

'^I’hose conditions, though usually serious, sometimt\s do not cause

any symptoms during the early age. The case of 8.B. aged 10 with clinical

signs of pulmonary stenosis caused no untowards symptoms nor was
there any marked hyp(u*trophy of the right ventricle (Fig. 7). Kli*ctro-

cardiograrn.

Miscellaneous

60. A simple method of staining rotieulocytes.

C. R. Das Gupta, Gahmtta.

The enunwation of roticuloeytes is of gnmt value chiiically as it

is a helpful adjim<*t in tho diagnosis of diffoi'cnt typeis ol aiuemia. Frognos-
tically also this is of groat help as the count offers a most v ahiable means
of estimating the therapeutii* activity of anv hscmatiiiic medication.

To demonstrate th(^ reticulation m tho immature erythrocytes, brilliant

cresyl blue is the dye of choice. The following iochniquo has given
satisfactory results m the hands of tho writer. An oqual amount of
oxalated blood and 1% brilliant ciesyl blue in 0*sr)% NaCl is mixed together
ill a test tube. A small drop of the mixture is jiut on a greaso-freo scrupu-
lousty clean slide on tlio top of which an equally clean coverslip is put

—

tlie pressure of the coverslip will give an ovordy spread smoar. It is

now sealed with melted wax and examined in the usual way. With this

metliod there is no clumping, crenation of breaking down of the cells and
the reticulocytes stain very well giving a much Inghor count than the
counts obtained by ordinary methods.

61. Adsorption of hydrogen ions by serum globulin and its

antibody.

M. M. Biswas, Calcutta.

Titration curves have been drawn with pure pseudoglobulin of
normal horse serum and its antibody using N/10 solutions of hydrochloric
and oxalic acids, baryta and caustic soda, lioth the globulins adsorb
H* ions from the acids in a parallel way. Above ])H— titration with
baryta shows no abnormality ; whereas tho behaviour with sodium hydrox-



(21 ) Section XII, Physiology. 29T

i(lo Huggestfl that normal globulin poBaessos a stronger affinity for H* ions

than tho antibody globulin at a higher level of pH than the isoelectric

point. This abnonnality has been attributed to a differential behaviour
of the globulins probably duo to certain characteristic end-groupings
developofl in tho antibody during the process of nnrnunization.

62. Rolo of formalin in the estimation of nitrogcm in body
fluids.

Premaiskur I)e and C. C. Chatterjets, Calcutta.

In estimating urea, non-protem nitrogen, albumin, etc., tho nitrogen

is first converted into ammonium salts, and from this ammonium salt the

amount of the original substance can bo calculated. When a neutral

solution of formalin is added to a neutral solution of ammonium salt, an
equivalent amount of acid is liberated. This acid is titrated by a standard
alkali and from the rf‘sult of this titration the nitrogen present in the

material is calculated. This process has boon used as a substitute for

Nesslerizatioii and also for controlling the result of back-titration. The
method is quick, economic and easily controlled and gives equally accurate

results.
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Sensation, Perception and Memory

1. D.L. for lifted weights iiuTcased continuously.

Gopeswae Pal, (Calcutta.

The problem has be<ni approached m two different ways: (1)

Standard weight winch was lifted by obsorvorH was increased continuously
at definite rates till just noticeable cliffereneo was reported, D.L. values
were calculated from the rat(^ of increase and the t ime that elajised before
difference couUl be just apprehended. (2) Standard weight was increased
continuously at rlefinite rates till it reached definite amounts. Judgments
of ‘ yes ’ or ‘ no ’ regarding incroaso in heaviness were rocordi'd after the
end of each experiment. D.L. values were calculated from ‘yes’
judgments using the constant proci^ss.

The chief findings are as follows: (J) VN'ith the increase of the rate
of change, D.L. value rises gradually. It reaches its maximum when the
rate becomes meflium, aft^^r this the value falls gradually and it attains

its minimum when the* rate attains its maximum limit. (2) D.l... values
obtained by the ordinary method are Iowit than the values obtained by
the present method. (J) Katios of D.L. values to standard weights have
not been found to bo constant.

An attempt has been made m fho paper to explaml ho reasons of tho
ditforent findings chiefly m terms of attention and nuisimlar arljustment.

2. Psychology of illusion.

S. N. Roy, Patna.

In this paper an attempt has been made to disprove the theory that
illusion is false pereeption. Strictly speaking, ‘ right ’ and ‘ wrong ’ are
terms which are not applicable to perception, and if wo do apply them
wo go beyond the scope of psychology proper. It has been also pointed
out that no sharp line can bo drawn botwet'in right and wrong perception,
because every perception involves at. least a minimum of illusory experience.
Tlie object of perception is dofnrinined by tho act of moaning which per-

ception im'olves and this act of meaning is dotormined by a mental set

and as such tho object meant caimot bo said to be identical with tho
' thing ’.

Perception may bo treated as fho function of a total situation and tho
object of perception as determined by this function. The mathematical
notion of function can be conveniently applied to perception and thereby
the variable factors can be adequately explained.

3,

The effect of attitude on the pressure or contact sensiation.

K. C. Mukherji, Dacca.

An attempt has been made in this experiment to determine tho
influence of active and passive attitudes of mind on the continuation of

( 299 )
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Contact sensation and of its aftt^r-oflecis. The results obtained in this

experiment are (categorically the same as found by Hayes, Dimmick and
Swindle. J3ut their (experiments w(»re of a. different nature in which the

causes of the results werij not at all r(ivealed.

4. Peculiarititis in tactual adaptation.

S. K. Bose, Calcutta.

Duration of tactual sensation and conditions for its persistence

and disappearance hav(c been studwd in co-operation with untrained and
highly trained subjects by placing weight,s of various dimensions on
different parts of the hand. Introspective account reveals interesting

jx^culiarities in adaptation.

5. Different levels of errors in memory reproduction.

J. K. Sarkar, Muzaffarpore.

Exporiinontal results clearly indicate two levels of errors in reproduc-
tion. A high correlation is found to exist between the nature of the
lower type of (UTors in r(‘produciion and persistence. The higher level

d(‘finitely shows non-persistence. A close association between non-
pi'rsistcnce of errors and intelligence has been established. Besides
the above two typ(*s of errors, the study indkates f ile existence of other
types which inv’^olve the features (d* persistence and non -persistence m
difforont proportions. The paper concludes with a suggestion about the
probable caus(' of different types of errors.

Emotion

G. A further note on tho judgment of facial expression of
emotions.

N. S. N. 8astry, Mysore.

'J'ho paper is a modification (in regard to experimental procedure only)
and continuation of a similar one submitted last year.

The previous irivestigalions on judgment of emotional expn^ssions
sliow that the situation element m the ease of an emotional expression
has not been suiliciently emphasized.

Twont\ -four photographs of emotional expressions (P'oleky) were
presented to 124 subjects. Correct number of responses, when unaided by
titles and aided by such titles, were noted down. Tho average percentage
of success is only 34.

Fifty patients were asked to indicate 10 objects or situations which
could servo as stimuli for the 24 emotional expressions. The frequency
of such situations or objects was worked out. This served as the basis
of a test that was built. The subjects were asked to match the photos
with the situations printed. Correct responses came to 85%. So tho
superiority of the second test over the first one is

85 -34

1 5.

34

The fact that situation should thus help correct judgment makes
one believe that the judgment is a result of deduction from situation.
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Further study on the induction of emotional states in

laborator}^ experiments.

M. N. Samanta, Calcutta.

In a preliminary report on the study of emotion by the pnouinographio
method, the tentative conclusion was drawn that oinol ion is best induced
in the laboratory by musical notes. The records obtained imder musical
stimulation, however, showed variations m two opposite directions even
in the same emotional state. In some the respiration became rapid
while in others it slowed down. An attempt has been made in this paper
to explain these phonomona.

Fatigue

8. Affective influences in mental fatigue.

C. 8. Myers, Lontlon.

In the isolated striated muscle fatigue is ascribed : {a) to the exhaus-
tion of intra-eelhilar material essential for its contractility, (6) to the
accumulation of the toxic products of its activity. But m the intact
living organism such miLscle is largiily safeguarded initially from (a) and
{b) by inhibitory, afferent impulses, mainly retiex and proprioeoptivo.

is it not therefore likely that tlie observed effects of prolonged mental
activity are due initially not so much to fatigue in th(' corresponding senses

of (a) or (b) as to the protective actions of aftbetive mental processes ?

It is recognized that instiuctivi' activities are maintained by various
emotional affbe.ts : auger, for examyile, prevents any other conative pi*ocoss

from interfering with eombat. So too, voluntary attention, essential

for conscious intellectual activity, is maintaiiUHl by the affective factor

of interest, spontaneous or enforced. With prolong(*d at;tentioii, tlie

feelings first of boredom, later of weariness, ri'place the f<‘elmg of interest

It is suggested that each of the two former exercises an inhibitory function
on attention, protecting it against true fatigue. The'se afferent inhibitions

may conceivably spread so as to terminate the previously successful

repression from consciousness of conflicting ‘ comjilexes ’ and to arouse,

consequently, feelings of irritation, worry and anxiety, all preventive of
the normal exercise of attention and leading to disorderly and unco-
ordinated mental and outward behaviour.

9. Psychological significance of crgograpliic curves.

H. P. Haiti, Calcuttti.

Psychological study of ergographic curves has considei'ably suffered
from a physiological bias in the past.. The jiresent study is a continua-
tion of a paper contributed to a previous session of the Indian ScieiK’e

Congress (1935) and entitled ‘ Brgograph as a diagnostic aid in Psychiatry ’.

It shows that an ergogram lias individual characteristics which remain
more or loss constant and which can bo interpreted psychologically.
A comparative study of orgograiiis of nonnal and mentally diseased persons
is attempted,

10.

A study of ‘ big muscle ’ ergographic curves.

Anathnath Datta, Calcutta.

(Communicated through G. Bose.)

An attempt has been made in this paper to study some of the pecu-
liarities of the ergogram as recorded in Big Muscle Ergograph devised
by Dr. G, Bose. A comparative study has also been made to show tlie

difference in the nature of the work of the big muscles and small muscles.
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Education and Mental Tests

1 1 . Tlie nature of ‘ M ’ factor.

K. G. R. Rao, Madras.

A factor analysis of Oox*r testa of meehariical ability, as beat ropre-

8(Miting mechanical ability tests in general, may be expected to throw
light on the natuio of * M * factor.

Cox and others have isolated a group factor, ‘ M *, running through
tests of mechanical ability, 'j'his factor has been differently explained
by other workers as * metjhanical intelligence * spatial ability ’ and a
differential influence of ‘ experience

The present study involving factorization of Cox’s tests has shown
evidorico of the presimce of tliree factors of varying magnitude They
are •

‘ g ’ inoosiired by the non-verbal primarily perceptual tesl-s, a verbal
factor, and a factor ‘ M ’ which is observed for boys only. It is suggested
hero that this factor ‘ M ’ is attributable to a special experience reserved
for boys only—a special interest in toys and models of mechanical kind.

A reference is made to the possible bearing of the result upon school

work.

12. A comparative study of scores in selected items of

Terman’s ^ logical selection ’ and Burt’s ‘ reasoning
’

(modified) tests.

S. Jalota, Lahore.

Tho answers of 1,856 students have been consideied in this paper.

The comiiarison is based upon tho values of (i) inter-corrcJation

and (ii) the deviation from normality (Peai*son’R ^2)'
The correlations between tho scores in logit'al selection and reasoning

are low, ranging from -f* 178 to 4-*495. But the (correlations of the above
tests with the total-score for tlio test-battery are fairly high

( + *6 to -f *8).

The correlation value of reasoning with tho ‘ loials ’ is uniformly higher.

The reasoning-scores also show better normal distribution. It is argued
th('r(‘fore that the two items are tests of very diffej'C'nt> mental abilities

If Hurt’s items be taken to agree with normal reasoning situation, then it

follows that Tonnan’s ‘ logiiuil selection ’ is a misnomer.

13. A sliort report of group intelligence tests on certain school

students.

S. SiNHA, Calcutta.

Tii(j writ(^r of tho paper carried out the work on some high school
students imdei* tho Calcutta University. Attempt has been made to
construct questions for tests in the Bengali language and to standardize
tlie same under different age groups of both the sexes. In general, it

has be(ui found that the girls are a bit inferior to the boys in intelligence.

This finding is a tentative one as the tests hav«? not been carried out m a
siifiiciont number of cases. A peculiarity is marked at the age group of
15 years, where it was found that the girls are not inferior to the boys
m intelhgi'iico. The writer advocates the necessity of stressing the reading
of books outsid<} the curriculum.

14. A study of writing ability of school boys in Bengal.

H. C. Bakbbji, Dacca.

Boys’ handwriting shows groat individual differences both in quality
and speed. So training in schools should be adjusted to individual dif-
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ferences and needs. The use of handwriting scales has shown that the
high degrees of quality at the expense of speed are not to be insisted on
in schools, but regular short practices in speed wriUng should be given
when boys have rc‘ached the minimum standard for quality.

An experinic'ut was made at Dacca for the measuri'inent of the speed
of writing of boys of different classes in a high scliool and the resuJts

show that the rate in letters per minuter decreases but variability increases

with the increase in tune given for writing from one minute to tw’o minutes
^nd from two minutes to four minutes.

15. A stu(Jy of the handwriting of children in school.

(Mrss) R. Ghosh, Calcutta.

Importance of handwriting as a school subject is pointed out. The
present study begins with application of tests of haudwTitiiig to
diff<*rent groups of children, tho groupmg being done according to forms
and ages.

Tho actual experiment was performed with girls of tho Gokhale
Memorial School in CJalentta. TTandwritings can be classified as good,
averago and bad, according to moilels adopt-i'd as nonns for different

groups. A eornpaiison is made between the handwriting ability of
different groups and of individual piupils. The various eiluealioual uses
of liandwriting tests are pointed out. The paper coiudinles with roferenee

to certain factors that affect handwriting ability.

16. An experimental study of errors in reasoning.

D. Ramakrishniaii, Myson^.

In this investigation errors in reasoning due to yiredispositious and
sentiments were studied experimentally by means of t-t*sts m reasoning.

Tho b‘sf-s consisted of syllogisms involving emotional bias and rotentivo

bias, the bias being either in favour of acceptance or of rejeetion of a
suggested c*onclusion.

Kxample of an emotional bias for the acceptance of the suggi'sted

corielusion :
--

Many students are pretty.

Some girlft are studeniH,

Some fjirU are pretty.

The tests were ailministorod to two groups of Univei’sity students :

(i) students of Logic ; (ii) students who had not studied Logic.

It has boon found that both Logic and non-Logie students yield
to the suggestion, whether the suggested conclusion is logically v^alid or
not. 81% of the responses of tho rion-Logic students are affected by their

sentimeui/S and prejudices in drawing syllogistic inferences, while only
aViout 38% of tho responses of Logic students are similarly affected.

Further, it has been noteil that for non-Logic students errors creatoil by
predisposition are greater than errors caiisotl by emotional projudices

(85% versus 77%) ; whereas for Logic students thero is not much (hfferenco

as betweon emotional and nun-emotional prejudices.

17. Experiment s in the teaching of oral expression in English

K. J). (3hosh, Calcutta.

The pajier deals with certain oxiierimenIs in develojhng oral expr(‘ssion

in English that were eonducted by tho writer in idasses VI, VII, VJII and
IX of the liallygmij Demonstration Sc'hool for about, a period of two
years. They are carefully graded in difficulty and calculated to develop
simplicity, clarity, accuracy an<l facility in oral expression. They are

to a certain extent modelled on experiments successfully carried out in
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a few progressive institutions in "Rngland, Australia, and France. The
results obtained at Ballygunj were very satisfactoiy. The paper describes
at lengtli the procedun^ in connection with each of the experiments.
18.

Child psychology ami behaviour.

U. S. Gheba, New Delhi.

Behaviour is the product of heredity and environment, both objective
and subjective. Unhealthy environment is responsible for infant morta-
lity, diseases of children aiid misbehaviour. The causal connections in
mental life become clear from the relation of Mind and Body as expounded
in Dr. G. liose’s now theory of mental life. It is necessary to study
behavioim <levelopmont from birth to maturity.

The child’s behaviour may bo prtjfitably studied from the standpoint
of gestalt psychology in tonns of (i) behaviour-patterns, or frofn the stand-
point of analytic psychology in terms of (ii) extroversion and introversion,
or again from the standpoint of psychoanalysis in terms of (iii) oral and
genital fixations.

Psychiatry and Psychoanalysis

19. A case of ‘ strephosymbolia ’ (word-blindness).

Owen Berkeley-Hill, lianchi.

History of case. Views of S. T. Orton, who coino«i the term ‘ stro-
phos5rmbolia *, to the effect that this disability is duo to a failure in the
establisliment of complete dominance in one or other cerebral hemisphere.
Criticism of ‘ dominance ’ theory. Views of James Hinshelwood who
looked for an analogy between acquirnd and congenital dyslexia. Observa-
tions of Lucy 0. Fildos and her criticisms of Hinsholwood’s view. Study
of dyslexia by Marion Monroe who has formulated a ‘ reading index
Practical value of her opinion that approximately twelve per cent, of the
general population have reading disabilities of some sort.

20. Some astiological factors in the jiathology of stammering.

I. Latip, Lahore.

The object of this paper is to attempt an analysis of a few setiologicaJ
factors in the onset and cure of stammering by presenting two samplo
<jases from our clinical investigations. These coses by no means exhaust
all the possible cau^s of stammering. Nevertheless, each one of them is
sufficiently unique in character to illustrate that the causes of stammering
vary enormously from one case to another. A mass treatment of the
pathology of stammering is, therefore, inadequate.

21. Dream character of religious sexual abstinence.

S. L. Sabkar, Calcutta.

Connotation of the term ‘ religious sexual abstinence ’. It is not
merely an acceptance of Hindu convention. The element of religious
experience brings about profound psychological changes. There are two
clas^ of dreams. One class is meant for giving relief to the damned up
libido. Another class of dreams appears to give a training to the
unconscious to avoid sexual imageries and thoughts and thus to maintain
semal abstinence. Some peculiarities in the structure of the latter class
of dreams are pointed out.
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22. Psy(‘hic disorder as a phase in the life of certain mystics.

N. N. Seistgupta, Lucknow.

The doctrjruil litoratiircs of Vnuitimivifim, Shaiuii^ni aud of TarUrtk

cults sometimes rolor to a couditiou of psychic dismiior whic<h is said to
appear in the course of mystic hlc. The (iisortloi's seem to belong to four
types ; (1) Mainly psychic disorders chaia< tenzod by illusory porceptioiis

and delusions, (ii) Physical changes usually associated with emotional
states, (ill) Certain asthenic changes, (iv) Cmlain exaggerated mot-or

phenomena. All these symptoms arc usually of a teinyiorary nature.

The symptoms of disordi^r seem to serve cerl.am delinite purposes lu

the economy of mystic hie ; (i) they break u]> old habit-jiatterns, (u) they
serve to break the contact, between the mind ot the individual and the
objects of tlie onviromnent. In both o( these ways, the jirocess of
mibalauce maki^s introversion, whicli he<*ins to be an <*ss<MLtial stey) to

mystic life, easy.

It IS possible to understand the general scheme ot psycho-yihysical

yiroijessos that bring about thi'so states of disorder, (i) On the one siilo,

the break with iho external world loads in a new arrungoment e( mental
functions. The yisycha; diserdoi ayipears in the period of transition

betwoon tlie break im<l th<^ reorganization, (li) On the other side, the

release Irorn the strain of a<laptatuni nnyjlies emotion. It; also implies a
change in the organic condition. Those mtlueuco the llnUatma^ wln<ii m
its turn mtluences the general course ot consciousness, (iii) Again, it is

field by^ Biunchi tliat most of the organic changes have tlicir rcprtweiitatioii

in the cerebral nainile^ esyiccially the mymotd uyrufi. ''Jiie cliange in the con-

dition ot this region by the altered working nl thi' <‘ircnlat()ry, respiratory

and the sexual systems may explain the occur rcia c* ot \ anoiis ph,\Hi<*al

symptoms noted abovt'. it ina.y also account, lor a general cliaiige in

tlie cliaracter of mental stat^js with resyioct to tlieir order and intensity.

23. C<ui(*oy)t ot time.

S. (.‘. Lau V, Calcutta.

((Aanmunicatod through (1. Rose.)

Time sense is variable. It exymnds and cout.racts, lu animals,
yiriinitive yieoplc and chihiren, it is uiideveloyjod. The causes of time-
sense have betin inrorreidly ascribed to yiorception ot events and memory -

yiictures ; but as a mat ter of fact it is yirimaiy and is ijuite indejiendent

of tlicm. It IS stretched in pathological anxiety and contracted in

»Schizo])hrenia and ileyiressiou. It doyiends on the capacity of the libido

to attacli itselt to external objects. It ayipoars m a crude form whenever
there is an actual danger to narcissistic libido ; but in civilized man it is

mainly the result of conllict aud apyjoars whenever t here is a resistance t.o

the free ffow of tlie um^onscious libido . A highly develo]>ed time-sonse

IS an artificial jinalui't of civilization ami is not iulieront in our yisycbe.

24. Psycliology of fet.isliisrn.

M. Z. Abdtn, Bhagiilporo.

Psychologists are not agreed as to the origin of fetish. Fetish plays
an important part in sex-relationships of human beings both normal and
abnormal

.

Freud regards fetish as a jienis subs! itute ; his coniontion, that all

fetish objects most frequently met with, such as shoes, stockings and
imderwoars, are penis symbols, is not conviiiciug, because shoes and stock-

ings are more appropriately symbols of vagina, being receptacles. It

earmot be said that breast and buttocks are ponis substitutes. The views
of Stekel and others are equally unsatisfactory. But all are agreed tliat

the origin of fetish lies in childhood experiences.
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Tlio v'nm advanced in tliie papor is that tho origin of fetish lies in the
baby's I'xporieiicos at the breast of tho mother. All fetish objects are

substitutes for mother’s breasts. It is for this reason that round and
smooth objects form the commonest objects of fetish. This view is quite

in lino with the psycho -analytical standpoint that the breast of tho mother
IS th(^ first objecl of love and its substitutes, therefore, are subjective

excitants of love, by siglit or contact.

25. UnodtiMfious factor in skin-colour preference.

I). Datta, Ca-lcutta.

(Communicated through H. P. Haiti.)

In this short paper certain tendencies in skin -colour prefemnce have
been noted and an attempt has been made to interpret them by the

moclianisin of repression.

2(». The Oedipus wish in Hindu ieons.

Rancun Haldeb, Patna.

Hindu icons offer important corroborative materials m support of
L)i*. (1. IJosi^’s theory of th(5 genesis and ailjustmeut of the Oedipus wish.

Thus thi' S(uUfdjdta {Umd S^i>oajananl) the Mahisdsuramardimy tho head-
aiid-hair-offoritig images and the Arfldhandrl.wara images are considered
to r(‘pri‘S(nit respoctividy the passive rOle of the child, the ego-idcuitity

stage, th(' castration wish and the activ'e homosexual attitude fowards
the father. A tunv tlu'ory about tlio origin of Liriga worship as a jieriect

symbol for the Oc'difius wisfi is formulated. Tho soldary l/mrjd stands
for the cas<;rated wembrwH nrde of tho father image. Tlio worship of tho
Ltnt/a help.s the son <0 identify himself with d and the Yoni motif which
comes later siu’ves to satisfy the Oiuljpus incest wish the culmination
oi which IS to bo found in the Mithdmdyd image.

Social Psychology

27. Psycluilogical basis of earthquake rumours.

dAMUNA Pkosad, Patna.

The gmaf/ Indian earthquake of January 15th, 1934, was closefy
followed by a period of panic in which a largo number of rumours arose
quickly au<f spread widely. Two classes ofthese rumour’s, viz., explanatory
and astrological, are discussed in the light of psycho-analysis. The
explanatory rmnonrs ascribe the earthquake to sin as its cause ; and the
astrological rumours jirophesy further disasters as punishment for sins.

The main themes of rumours are therefore the sin and punishment phan-
tasies. Sinco empirical an<l rational considerations did not justify tho
wild rumours, they must be held to bo creations of neurotic insecurity and
anxiety set uj) by the catastrophic experience of the earthquake. The
anxiety may be traced to the conflict between the regressive desire for life

in accordance with the vegetative and animal tendencies, and life in
accordance with tho developmental impulse towards the attainment
of the ideal of self-dependent individuality.

The facts of transmission of rumours and participation in them
are social phenomena, not reducible to the effects of common complexes
in all cases. They imply the quest for a social solidarity through which
an intra-mental security is established in order to counterbalance the
internal and ever-present insecurity and anxiety caused by the constant
and usually unconscious internal clash between instinct and ideal.
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28. Juvenile delinqueney—

a

study.

J. M. Sen, Krishiuigar.

The writer of the paper had studied t))e ])ro>)loin of juvenile
delinqueney in Calcutta in some of its aspeets No less than' 10,222
cases wore oxamined. Contrihutory (jauses werc^ (ixaminod and althougli
several faetoi's were simultaneously pmseiit in many eases the following
groupings were inaile ; —(a) defective <liseiplin(% speeifiij instincts, general
emotional instability and morbid emotional eonditiens

; (6) a family
history of intellectual weakness. defcel,ivo family relationships, a family
history of temperamental disorder or of msanitv or the like, a family his-
tory of pliysieal weakness, )>ovcrty uikI its eoneomitants

; (c) intellectual
disabilities, detrimental intertjsts together with a lack of ijp-lifliiig pursuits
and developmental conditions such as adolescence or precocity in growth ;

.(</) physical infirmity or weakness in the offender himscir.
Detailed information regarding the boys sent to tht? lliyformatory

and Tndustrial schools at, Alipoiv lor the years lll.'h) and 1936 has been
given m the paper ; history of typical cases whiU» at, the Keformatory
and Industrial schools has also been furnished,

29. i)i‘o;iTUH of tin; Garos.

T. SiNiT\, Sluisuug.

I'lie jiapor records the different types of droums of the Garos and the
interpretations put forward by them. An attempt has been made to
find out the laws which govern the mtorpretation.

30. (,br(,aiu factors in sex ])rcfcreii<*o.

D. Aoauwalla, H. Roy, and A. Bisi.

(Communicated through M. N. lianerji.)

The paper is based on a quostionnairo study of the attraction of
males for females of diffoi’eiit agos ami for different parts of the
female body. Certain definite tondoncies have been indicated.

Hindu Psycholog^y

31. A study of the psycliopliysical aspect of pranayama.

Raj Narain, Lucknow.

(Communicated through N. N. Sen Gupta.)

Prauayaraa or voluntary control and regulation of breath has boon a
constant feature of Indian mystic life and discipline. In the Vedas
pranayama ajipoars as an olemoiit of ritual. Some of the later Upanisads
treat it as an adjunct to spiritual culture. Patanjali regarded it as one
of the eight aids to yoga, lii Ha4ha and Kundalini yoga it assumos a far

great/Or significanco in tho disciplinary scheme. In the Svarodaya-maira

it flowers into an exclusive method of spiritual aiIvancement. Buddhist
mysticism also incorporates regulation of breath as an ingrotliont of

mysti(5 culturo. Jama yoga alono ivcognizes tlio spiritual value of prana-

yama in a half-hearted fashion.

Prunayama has been claimod to produce varied results. 8ome of

these results are obviously of a magical nature ; those fall outside the

scope of our enquiry. Others, however, possess a psychophysical value.

Tho paper attempts to understand and explain tho process by which the

psychophysical results of praiiiiyama are produced, and the bearing of

these results on the developmant of mystic life and consciousness.
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32. The science of psychic equilibrium.

S. P. Aranya, Faridpur.

ThiH paper deals with the ‘ Yoga-Njrvana * cult depicting the

luetliod of psychical eniancipatioa Irom all miseries. It eruis by
exiilaiumg how ‘ Moksha ’ of absolute psychic equilibrium is attained by
psychological discipline in stages.

33. IVinciples of Hindu physiological jisychology.

M. N. Bankiwi, Calcutta.

In tins paper have hoen discussed the Hindu con(‘ej)t ol mind, the
pcH-uliarities of the sense-organ, and the centres of mental activities. An
attempt has been made to interpret the Hindu classiticatiou of matter
Irom the psychological standpoint. The Hindu idea that matter and
mind am both iriaterial has been discussed and the principle of resonance

between sense-organs »md stimuli has been elaborated. The Samkhya.
system of (hmas has also been exj)lamod and the theory of Faya,
and Kaj)ha has been ilealt WMth.

General Problems

34. Psychological study of language (preliminary communica-
tion).

G. Bosr, Sailendra Krishisa Latia, avd D. GAmn lt, ('alcutla

Not much systematii* effort has hithorlo been mado to ^tudy language
as a whole from th(» psycbologKMil standpoint. 'Pbo jirest'ot papor gives

ail ac'counf. of the main findings of t ho writers. It has been Ibund f bat die

liuman min<l, although it acijinres ahstraef concepts from concrete ex-

fierioncos and apparently regards the former as something (piito diff'orent

from tho latter, in actual practice converts tho abstractions into concrol-o

ideas. The syntax of a languago is an index of coi'tain racial cliarar;-

teristics. There is linguistic evidence to show that tho Kuropoati nal ions

are more interested in action than in objects whereas the Indian nations

}ia\(» a jiroierence of objects to actions. Languago sbow.s that tho human
ego oxtiibits a curious behaviour inasmuch as it tric's to deny all cliaiigos

within if self aiul makes an effort ( o firoj’ect its own experiences into tfio

outer world, itself remaining immaculate. The iiuportanc?o of tlie different

typos of libulo in shaping linguistic expressions has also been pointed out.

35. The fiaturc of ( *oriscion si ics.s as immediattdy obs(Tvab](\

H. M. Loomha, Lucknow.

Tho descriptions of the nature of consciousness as immediately
obst'rvabk' as given by James, Wun,dt, Stout and Ward, as well as
McDougalFs cJiaractenzation of mental structure as a conceptual con-
struction arc found unsatisfactory. The paper suggests a comprehensive
reformulation (i) on the basis of tho distinction between immediate
consciousness and discriminate cognition recognized in some manner by
all these psychologists ; the former is (ii) a successive but contiiiuoiis

flow of (jhange of iisychoses ;
(iii) iii which fluid constituents including

(a) substantive parts, (6) transitive segments, (c) tendencies, (d) over-
tones and fringes, and (e) moments of heighf/oned activity or dullness,

acceleration or retardation and the like must be recognized with their

inherent affinities and spontaneous groupings; (iv) which possesses a
feeling of individuality as a whole, (v) without a subject-object antithesis

arising ; and (vi) to which selective emphasis cannot be attributed. Its
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nature determines the character of psychic entities in determinate cogni-
tion, which arise by spontaneous use of the mind for adaptation and
adjustmout. Yet they are conceptual constructions to the extent that
abstraction, definition and correlation play a role in discriminative
attention.

36. (Mteria of normality.

H. P. Matti, Calcutta.

The ideas of the Normal and the Abnormal belong primarily to the
domain of sociology, for these ideas originate in the <H>urse of social interac-
tion of individuals. An examination of the conditions of their arousal
indicates the influence of psychological factors. Psychology, on the other
hand, begins its work by accepting certain concepts of tho normal and the
abnormal. After referring to the relation between the two sciences, the
paper <liscusses how tar sociology and psychology can agree about the
criteria of normality from their respective standpoints. Three concepts
of the normal— Social, Naturalistic, and Statist ii*al—are critically

examined in this connecd.ion. The paper concludes with a few suggestions
about ‘ dynamic ’ criteria of the normal.

37. Examillation of ‘ Intelligence

C. E. Spearman, London.

The original and still current- theory of ability is bas(*d on the concojit

of ‘ faculties ’. The only other widespread alternat ive is the comparatively

TTiodern theory of ‘ types ’. Both suffer from two fatal defects
;
one is

their extraordinary lack of definite meaning ; the other is their failure

to fulfil the primary scientific requirement, that of generality. For tho

most part, tho examinations have to contend with many further grave

deficiencies ; amongst other things, success is apt to depend unduly on tho

hap of previous experience, on the language employed, and on an obscure

mixture of other influences. All these faults can bo more or less eliminated

by means of the new theory of ‘ factors *.

Of these by far the most important is the one called by the letter

‘ Cl which enters into all abilities whatever. Jt is tho principal consti-

tuent, and only stable one, in all conceptions or measun^rnents of ‘ intelli-

gence
The other chiefcognitive factors are those designated as V, M, F, P, O.

To all these constituents of cognitive ability t here must be added W,
which governs their employment. These ae^'en factors certainly do not
exhaust the whole * personality or even the whole of what may conceiv-

ably he entitled ‘ intelligence ’. But they do go a long way towards
doing so. In particular, several of them (including G) admit of valid

comparisons between nationalities and races, that speak different languages.





Proceedings of the Twenty-fifth Indian Science Congress

PART IV—LATE ABSTRACTS, ERRATA AND ADDENDA,
DISCUSSIONS, LIST OF MEMBERS AND INDEX

CONTENTS
Page

J . Late abstracts . . 1

2. Errata and Addenda . 6

3. Discussions . . . . 7

4. List of Members . . 209

5 Index . . 275





1. LATE ABSTRACTS

Section I, Mathematics and Physics.

44. The dieleotrio constants of solid bodies.^

G. G. Dabwin, Cambridge.

The question of the eleotrio and magnetic fields inside solid bodiee
is one which seemed to have been settled long ago, but Lorentz’s term in

4ir
P introduces difficulty in the case where the dieleotrio constant is due

to polar molecules, and not merely to the fields induced in atoms. The
consequence ought to be that below a certain critical temperature the
Bubstemce would acquire a permanent electric moment, like a permanent
magnet. This effect does exist for a few peculiar substances, but is rare,

whereas the old theory suggests that it shoidd be common, and be parti-

oifiarly strong for water. Similar rules should apply for magnetism but
the effect would only appear at temperatures of about 0.01®K. Such
temperatures have recently been reached, and the substance does not
become a permanent magnet at it, but appears to do so at a considerably
lower temperature. Thus both for electricity and magnetism the theory
needs modification.

The necessary change has been made independently by Onsager and
Van Vleck, The idea they introduce is that each molecule is not under
the average field, €U9 in Lorentz^s theory, but under this field modified
by the fact that it is itself disturbing its neighbours. When this is allowed
for, it appears that there is certainly no permanent electricity at the
critical temperature, and no evidence that it must occur at all. The
method is approximative, and is not capable of saying what will happen
at these lower temperatures, but it does free us from what seemed a blank
disagreement between theory and experiment.

99. The values of the atomio constants.

H. R. BosmsoN, London.

For some years there has been a puzzling discrepancy between the
oil-drop’ and *X-ray’ values of the electronic charge, the two being
very nearly in the ratio 136 : 137. ' This discrepancy now appears to have
been satisfactorily explained, and it seems likely that the X-ray vsdue
(4*802x 10-1® e.8.u) is correct.

The adoption of this value of e leads, however, to difficulty in inter-

preting the measurements of certain related constants, and particularly

the measurements of the ratio In spite of the attention recently
oonoentrated on the accurate measurement of e, e/mo &nd A/s, and the
mparently very considerable improvement in methods, it is evident that
the exactness of our knowledge of these constants still leaves a great deal
to be desired.

100. On units and dimensions.

SiB J. B. Hekdbbson, London.

1 Fublished by title only in Fart HI, Abstracts, page 16«
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101. Hard cosmic ray showers.

W. Bothb, Heidelberg, Germany.

In the usual shower produced by cosnuc rays, the averse angle

subtended by the tracks of positrons and electrons at the point where
the ^ower is originated is about 20®. The secondary particles forming
the shower are completely absorbed by a lead sheet about 2 cm. thick

and for this reason these showers may be called soft showers. The pro-

perties of the shower of a second kind observed by the present author
have been described in the present paper. These showers are much
harder than the usual showers and the angle of divergence is below 10®.

It is pointed out that the second maximum in the Rossi curve is more
pronounced at angles smaller than 10® than at larger angles, and that this

can be attributed to the production of tertiary showers by the hard shower.
The intensity of the second maximum in the Rossi curve produced by the

hard shower is proportional to Z per atom while that in the first maximum
due to soft showers is proportional to Z® per atom. As regards the origin

of the hard showers, it has been observed that they are produced by the
hard component of the primary cosmic rays.

Section F, Botany,

In coimection with Abstract No. 22 of Section V, Botany,
page 143 of Part III ofthe Proceedings of the 25th Indian Science

Congress, dealing with ‘The structure of the chromosome’
Prof. R. Ruggles Gates has sent the following summary of what
he actually said at the meeting.

22. The structure of the chromosome.

R. Ruggles Gates, London.

This paper discusses particularly (1) the time of splitting of the
chromosome and the number of threads it contains, (2) the chromomere
V8, the chromonema hypothesis, (8) the satellited chromosomes, their
relation to the nucleolus and to chromosome phylogeny.

It is pointed out that various appearances have been interpreted as
chromomeres when in reality uniform chromonemata were involved.
Various errors of observation, technique and interpretation have led to
a false appearance of granules on a tliread. The hypothesis of chromo-
meres therefore requires further investigation, especially as regards tho
supposed relation of chromomeres to ‘genes’. Much recent work has
shown that the chromosome consists of spiral threads of relatively uniform
thickness, the spirals becoming loosest in interphase and tightest in meta-
phase of mitosis.

The extensive recent work from many laboratories is reviewed, which*
shows that chromosomes are double structures consisting of two chromo-
nemata variously intertwined in all stages of mitosis, the new split occur-
ring at or about prometaphase. A very large amount of direct observa-
tional evidence thus nullifies the idea that chromosomes are single and
that the meiotio prophase therefore differs from mitosis in the postpone-
ment of the split in the leptotene thread. The leptonema hM in fact
been clearly observed to be double in a number of cases. Chromo-
somes have also been shown to be composed of four strands in somatio
metaphase and of two intertwined starands in anaphase and telophase.
Recent work with Trillium, in which iAi» ohromosomes are so large that
the details of their structure are far above the limits of resolution, shows
that the anaphase chromosomes contain two intertwined chromonemata,
while the metaphase ohromosomes are composed of four ohromcmemata
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intertwined in pairs. The X-ray experiments bearing on ohromosome
gtnioture are onticaUy reviewed. It is shown that the evidence is both
indirect and conflicting. Each investigator has moreover interpreted hie
results as supporting the views he already held. This is true of those
who hold that the ohromosome is (a) single, (6) double, (e) quadruple'*
It is therefore concluded that the X-ray evidence is too indireot and un»
certain to be ofvalue in comparison with the direct observation ofstructure
in the lar^r chromosomes.

The importance of the satellites in relation to the nucleoli is pointed
out, and it is shown how several lines of evidence can be used in a comple-
mentary way in tracing the phylogeny of nuclear structure in primary
or secondary polyploids: (1) the maximum number of nucleoli in early
telophase nuclei, (2) the number of satellited chromosomes and the size
of the satellites in somatic and meiotic mitoses, (3) the maximum secon-
dary pairing of bivalents in flrst and second metaph^. Loss of a satellite

in a polyploid has apparently occurred through mutation in various genera.
Strains lacking a pair of satellites can arise in this way.

[Paper No. 27 on page 146. Abstract not suppKed before

is given herewith. The title of the paper is slightly amended.]

27. The sexual process in the Bust Fungi.

A. H. R. Bxtllbb, Kew.
There are three ways now known in which the sexual process in the

Bust Fungi may be initiated: (1) by the fusion of a (-f ) mycelium with
a (— ) mycelium, as flrst observed by Graigie in Pucdn/ia heUanthi and
P. gramivm and as subsequently conflmied by Brown by means of critical

experiments made on P. helianthii (2) by the fusion of a dicaryotic or
diploid mycelium (derived &om a uredospore) with a haploid mycelium
(derived from a basidiospore), as observed by Brown in the autoeoious
rust, Pticcinia helkmtM; cuid (3) by the imion of a pycnidiospore with a
flexuous hypha of opposite sex, as observed by Graigiem Puccinia heUanthi
and recently by the writer in P* graminis.

The writer has observed between eighty and one hundred unions
between pyonidiospores and flexuous hyphae in Puccinia graminia, A
union takes place (1) at the end of a flexuous h^^ha or (2) at the end of
a short lateral branch or peg emitted from the side of a flexuous hypha.
Not a single fusion between a pycnidiospore and a periphysis (paraphysis)
was seen.

The paper was illustrated with lantern slides and models.

Section IX, Agriculture.

67. The present state and future development of potato

breeding.

Redoliffe N. Salaman, Cambridge.

Potato breeding in England and in Western Europe has reached a
stage at which no farther improvement is to be expected by the use as

parents of any of the existing commercial stocks. ^Hiis is due to the fact

that whilst aU objectionable qualities, and with them perhaps much
that gave vigour and constitution, have been bred out of the original

stocks, and desirable characters such as high cropping, colourless skin,

smooth eyes, good shape, good quality, maturing habits and the like,

combined with resistance to wart disease, have been retainc^, there is

no fhrtiher reserve of genic character to draw on. The qualities most to
be deiBdred, resistanoe to blight and virus disease, are missing from all
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our stookf. These qualities oan now only be obtained by the introduotion

of new blood from wild speoies or unrelated cultivate stooks subh as

may be found in Mexico and South America.
In 1908 the author showed that resistance to blight was controlled

by genetic factors and that such I'esistance occurred in S. edinense and
8. demissum. Crosses with 8. demissum were begun in 1914 and have
been carried on till the present time, using frequent back^crossing

testing each generation for resistance to bhght, and economic qualitieB.

Hxe result is that potatoes have been bred which are resistant to the
common fotm of blight, but new strains of Phytophihora mfeskmc have
appeared, to which they are not resistant. The introduotion of still

fh^er wild blood has given us potatoes izmnune to both this and the
common blight. There is no reason to hope that before long the task of
producing a good economic bli^t-resisting potato will have been solved.

As regards resistance to virus, there is some hope that; resistance to

some of the diseases may be obtained from such wild speoies as 8. Bibini.

Even, if this resistance is genetic in character there stiU remains, the task
of carrying it over to our economic varieties, which may be difficult

without bringing with it the many undesirable qualities peculiar to 8.

Bibini.

The author is of opinion that valuable progress may be made by
protective inoculation methods by which non-vi^ent virus scrains are
used as vaccines to protect susceptible plants against infection with
virulent strains. This method has shown considerable promise in the
laboratoxy. Inasmuch as such vaccines are naturally carried to the forth-

coming tubers, the method allows of a really practical application.

68. Hundred ton Bugaroane crop.

Seth Lalohakd Hibaohahd, Bombay.
The author showed a cinema film depicting the growing of a hundred

ton (per acre) crop of sugaroanes in parts of Bombay. Such crops were
raised in response to the announcement ofa prize of Bs. 1,000 for a himdred
ton (x^r acre) crop of sugarcane under certain conditions in the matter
of maintenance of records, etc. 8ubBequently a second prize of Bs. 500
was offered for the highest yield of sugar per acre as well. The prize
was mven, at the instance of Mr. Wallchand Hirachand, by Messrs. Mare-
land Prize & Co., Ltd., Bombay. 8uch a heavy crop was rendered possible
mainly through four factors, viz., (1) thorough cultivation, (2) heavy
manuring, (3) heavy irrigation, and (4) close and carefhl supervision.
8uch a crop was obtained fromwhat is known as *Adsali ' crop in the Deccan
which stands in the field for eighteen months or a little over.

All needed precautions were tidcen in the harvesting of the prize
plots and estimating available sugar, technical men being told off for the
work. Harvests of over 100 tons of canes were recorded from three of the
prize plots, the variety being P.O.J. 2878. These results are very striking
m view of the general belief at the time of the annoimcement of the prize
that it was almost impossible to raise a hundred ton crop in the areas
where the competition took place. The estimated available sugar was,
in three cases, over 11 tons (being a little over 11} tons in two of
plots).

69. The role of sugarcane crop in the domestic economy of the
Punjab cultivator vrith special reference to the years
of economic depression,

Ehak Bahadub PATBE-iTD-DiNy Simla,

Cost of cultivation of sugarcane in the Punjab has been worked out.
It is the highest among the provinces. The yields per acre here are far
bdow the rest of India and yet the Pixi^ab has the second largest area



Part IV—-Late Abstraete. 6

among the provinoee. These points led tbe authors to make a compre-
hensive study of the statistics of the crop and this has revealed some vary
interesting facts. A detailed study has been made of the fluctuations in
acreage imder this crop during the last three decades. The quinquennial
averages have been worked out, which for the quinquenniums enm^ with
1925-26, 1930-31 and 1936-36 have been 427, 737, 415, 083 and ^7,088
acres respectively. The quinquennium ending with 1936-36 represents
the yecoa of general agricultural depression. A marked increase in area
during this ]^riod has been of special signiflcance, tbe reasons for which
have been disoussed at length. The index numbers of prices have been
calculated for wheat, cotton and oilseeds and have been distinctly higher
for the latter commodity during the years of agricultural depression.
Hence the tendency to put larger area under this crop. The year 1932-33
recorded the maximum acreage since the beginning of tins century. The
prices during that year were also the lowest that ever prevailed since

1913-14. The effect of acreage on price of gur has also been studied.

About 1.5% of the total area of crops falls imder sugarcane, but the
crop is far more important than these figures indicate. The gross value
of the return per acre is much higher than other money crops. The spare
labour with the cultivator—^manual as well as bullock—^is economically
utilized. Taking all these facts into consideration the importance of this

crop in the province has been brought out.

The percentage that value of this crop bears to the total value of

money crops in the province has been worked out for the different quin-

quenniums. This percentage during the years of agricultural depression

1^ been distinctly higher than the same for the pre-depression years.

Evidently the crop has played a very important rdle during the days
of general depression.



2. ERRATA AND ADDENDA

Procee^Bgs of the Twenty-fifth IndBan Science Congress

CALCUTTA, 1938

PART III—ABSTRACTS

(1) Section of Medical Research.

[Paper No. 86 on page 266 of Part III of the Proceedings of

the Silver Jubilee Session.]

The first paragraph of the abstract should read as follows;

—

^It-ohing (636-718 A.D.) during his ten-year stay at Nalanda made a
suooessful study of the science of medicine. Translated a medical work
^Bhaishajya Vasthu*. His most famous book is the * Record of Budhiatio
Religion as practised in India*, in which he devotes many chapters to the
rules of hygiene and the principles and practice of medicine in order to

satisfy the needs of the time.’

(2) Section of Geology.

{Paper No. 18 on page 113 of Part III of the Proceedings of the

Silver Jubilee Session.]

The names of authors of the paper should read:

—

18. Tertiary basalts of Bombay Island.

V. S. Dubey, Benares and H. S. Dalal, Bombay.

(4) Section of Mathematics and Physics.

(Paper Nos. 8 and 9 on page 3 of Part III of the Proceedings
of the Twenty-fifth Indian Science Congress.]

The names of the authors in the above abstracts should be
interchanged as follows:

—

8. Diamagnetic susceptibilities and molecular structures.

K. Bakebjee and J. Bhattaohabya, Dacca.

9. Electron map of anthraquinone crystal by Faurier sum-
mation method.

K. Banebjee and S. N. Sen Gufta, Dacca.

( 6 )



3. DISCUSSIONS

I, THEOEETICAL STATISTICS.

{Section of Mathematics and Physics, in co-operation with the

Indian Statistical Conference.)

[No report of the dUoussions has been received.]

n. EECENT ADVANCES IN THE STEUCTUEE OP
ALKALOIDS.

‘ '

(Section of Chemistry, in co-operation with the Indian
Chemical Society.)

1. Db. J. N. Ray, Lahore.

Recent methods used in the determination of the alkaloids,

2. Pbof. K. Ganapathi, Bangalore.

The structure of the strychnos alkaloids and the biogenesis of
the alkaloids.

3. Bb. R. H. Siddiqi, Ali|arh.

The molecular structure of strychnine and brucine.

4. Bb. S. Siddiqui, Belhi.

[No report of the discussions has been received.]

m. CHEMISTRY AND INDUSTRIAL DEVELOPMENT
IN INDIA.

{Section of Chemistry, in co-operation with the Indian Chemical
Society, and the Society of Biological Chemists, India.)

1. Bb. T. S. Whbblbb, Bombay.

Ghemistry plays a preponderating part in the application of soienoa

to the development of natural resources. In order that it may fill ite

tola in country it is essential that there should be a regular supp^
of weU*traiiied industrial chemists. It is necessary therefore that the
UaiversitieB should provide courses in technical chemistry baaed on an
adequate foundation of pure chemistry, and givirg ifpossible opportunities

to specialization in one or two major industries. The development
Departments of Applied Ghemistiy is eiqiensive and it is essential that
ITiuversities should combine to prevent overlapping; all should have the
equipment to general training and proviaion for specialized training in
one major industry not covered risewhere.

( 7 )
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The Universities can also help by basing their research prograzninea
on the problems of local industnes and their teohnioal ch^nical stafifo

should be encouraged to keep in direct touch with these industries.

Besides promoting the development of local resources such co-operation
will facilitate the provision of posts for University students.

dose co-operation is also advisable between the Technical Departments
of Universities and the local Departments of Industries; the latter can
supply much valuable information regarding the industrial needs of the
Province and the manner in which applied Science can help in solving
local problems.

2. Dbs. R. B. Fobstbb and K. Vxnzatabamak, Bombay.

Chemistry and Industry. ^

Chemistry has played the dominant part in the development of the
textile industry in recent years. The complete elucidation of the
structure of cellulose and of the constituents of sillc and wool has given
the processer a knowledge of the nature of his raw materials, whidi has
enabled him to achieve a closer approach to his ideal of producing a
desired result in feel and appearance without prejudice to fibre strength.
Regmerated cellulose and a variety of other synthetic fibres, individually
and in admixture with the natural fibres, have opened up a new range of
attractive fabrics. Following Bohn’s discovery of ind^threne blue in

1901, the dyer has now at his disposal dyes of a degree of fastness not
only hitherto unsurpassed, but representing a permanence greater than
that of the fibres themselves. All the colours of the spectrum are aviail-

able, including the greens ; and simplification of the methods of applica-
tion in d;^eing and printing has also become possible. Chief among the
advances in dyestuff s3mthesis are the indanthrenes, the Naphthol AS
series discovered by^the Griesheim Elektron, the stabilized diazo salts,

the solubilized vat colors, the Neolans (water soluble mordant azo dyea
containing co-ordinated metal), oolloidalized dyes for acetate silk and the
Rai>id Fasts and Rapidogens for printing. The fastness to washing of
dyeings with substantive colours is improved by after-treatment with
certain quaternary ammonium salts and allied substances (Fixanol,
Sapi^ine, Solidogen). Scouring, dyeing and other processes hove been
facilitated by numerous * auxiliaries *, polar substances of more or less

complex character, belonging to the aliphatic, aromatic, hydroaromatio
and heterocyclic series and possessing one or more of the properties
of wetting, emulsification, detergency, dispersion of calcium soaps,
promotion of level dyeing, softening of textiles and the ability to
impart a special feel or handle to fabrics. The chemical aspects of
finishing have become more important than the physical processes of
mang|ing, stentoring and Calendering. Some examples of such chemical
finishing of cotton fabrics are the partial or surface solution of cellulose
(superficial rayonization), proofing against damage and detwioration of
various kinds (water, mildew, moths, heat, firo), immunization and
animalization, and 'anticreasing’ by the incorporation of synthetic
resins. Lastly, chemistzy has not left untouched even the machinery side
of the industry; staidess steel and composition materials are being
moreasingly mplqyed in the construction of dyeing equipment.

The Indian textile industry has so far been content to derive at
second hand the ben^ts of this many-sided progress, and has done little

or noth^ to make similar advances on its own account. The institution
by the University of Bombay of a department of textile chemistry is a
first stop to bru^ the laroeat Indian industry into live contact with
chemistry and chemists. The need for rigorous scientific control of pro-
cesaes am for the local production of the chmdcals and auxQiwea
consumed by the cotton industry is reoeivihg recognition.
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Db. R. B. Fobstbb, Bombay, said:

—

Althoiigh the dyestuff industry is probably the most compUoated
industry in existence, it requires very few starting products and the plant
involved is comparatively simple.

By the distillation of coal tar over 200 products have been isolated.
Out of these only a few are of importance in dyestuff manufacture, namely.
Benzene, Toluene, Naphthalene and Anthracene and to a lesser extent
Phenol, the Cresoles Xylene, Carbazol. The establishment of a tar
distillation plant would therefore lay the foimdation stone of the noanufao-
ture of dyestuffs and in addition would lead to the establishment of a
number of other industries such as the preparation of disinfectants, wood
preservatives, motor fuels, ffne chemicals, pharmaceuticals, photographs.
Bathetic resins, solvents, synthetic tannins and the like. The tar dis-

tillation indust^ is, however, not essential as sufficient benzene can be
obtained by stripping coal gas and naphthalene is easily imported and with
these two raw products a very large number of dyes may be manufactured.

The heavy chemicals, namely, concentrated sulphuric acid, nitric

acid and hydrochloric acid are already made in India and several factories

for the manufacture of sodium hydroxide and sodium carbonate are in
the course of erection. If any of these operate on the electrolytic system,
a cheap supply of chlorine ^ould also be available. Provision would
have to be made for the production of oleum as many of the sulphonationa
can only be carried out by its use. The preparation of chlorsulphonio
acid from oleum is a simple matter, involv^ only a supply of oleum and
hydrochloric acid. The remaining essential chemicals, such as calcium
carbonate, lime, iron, acetic acid, acetic anhydride, ethyl and methyl
alcohols should present no difficulty.

The principal reactions in dyestuff manufacture are sulphonation,
alkyl fusion, nitration, reduction and chlorination for these operations
only simple plant is required consisting of sulphonation and nitration

pots, autoclaves and reduction vessels together with aucilliary plant
such as filter presses, pumps, nontjus and wooden vats. In connection
with the latter, India possesses a great advantage over other countries in
as much as she possesses an unlisted supply of teak wood, one of the
finest woods for the manufacture of chemical plant.

In the initial stages it would be advisable to import the plant required,
but as the indust^ developed it should be possible to fabricate in India
a number of the items which require cast iron, mild steel or cop^r for
their construction. Incidentally this would produce another outlet for
the iron foundries and engineering firms.

Apart from its influence on other industries, the dyestuff industry is

of enormous importance from a national point of view. What would
happen for example if the supply of dyes was cut off or restricted. There
is an enormous amount of capital invested in the mill industry and not
only would the share holders go dividendless but numbers of work people
would be thrown out of employment.

An industry of the nature could not be built up in a day and in the
initial stages many of the external products would probably have to be
obtained from outside sources. In the case of a dye like Congo Red it is

possible to start with Benzidine and Naphthionic acid gradually work
ba<dnvards—^when in due course the starting points would be Benzene
and Naphthalene. After all half a loaf is better than no bread.

8. Bb. B. C. Guha, Calcutta.

Development o/ ohemiodl industry in India.

During recent years throughout the world there has been increasing

oo-opexation between pure science and applied science. Not that the

dhteetion was ever water-tight, but of late the conscious application of
scisnee to human and sociid benefit has been greatly stimulated. This
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need is all the gseater in this country, where indust^ is still in its

infancy. So far as chemistry is concerned, the situation is not very mudh
better, many of the basic chemical industrieB being absent while most of
the others largely concerned with drugs have to dej^nd on imported
chemicals. Coal is an example, whore nothing is derived except coke,

tar and coal gas» all other valuable bye-products being wasted.
For the starting of many chemical industries, talents inside in the

country are available. Raw materials and sources of power are also

available. Experience shows that many machineries can be made
according to design inside the country. But it has been felt that the
requisite contact between scientists on ihe one hand and industrialists on
the other has been lacking. 1 beg to suggest that organizations may be
set up, which would represent (1) University Science departments, (2) the
Industries Departments of the Central and Provincial Covemments, and
(3) the Chambers of Commerce. Establishment of such contacts would,
1 think, help to infuse a greater sense of reality into the work of the
University Science Departments and make them more responsive to

industrial needs. Industrialists would at the same time realize what help
science is capable of rendering to industry. This may reasonably be
expected to lead to the establii£ment of new industries and expansion of

the old.

So far as Applied Chemistry teaching in the University is concerned,
it is suggested that there should be greater co-ordination among the
different Universities. While each centre should give instructions in the
fundamentals of chemical technology, it is desirable that a centre should
specialize only in particular directions, depending on its peculiar environ-
ments and local industrial possibilities.

4. Dn. H. K. Sen, Ranchi.

Lac research in India,

Db. H. K. Sen, Director, Indian Lao Research Institute touched
upon three points :

—

The training in the Universities is not being fully useful as the students
do not have a truly machine sense. The latter can be developed by
beginning such training in its elements from the age of 4 or 5 in the schools.
Ceu^ntry, gardening, visits to museums, etc. Machine drawing is the
language of the technical man, and the imagination of the student must
be properly developed to get an efficient teclmical staff. Hie Universities
of the country should, therefore, examine this question and create sudh
changes in the elementary school curricula that would help to develop
this machine sense.

He then mentioned the need for investigating the fuel and the fibre

problems. We have a small coal deposits and any method of economy
m this industry would be of vital national economy. He specially referred
to low temperature carbonization of Indian coals which he thought would
intooduoe economy in the fuel industry on the one hand, and would
simultaneously yield the tar as a proper raw material for various ohemioal
industries. Incidentally he mentioned a simple plant which he and his
colleagues had developed during the last six years in the University of
Cricutta, which could provide all Universities and technical establishments
with gas at practically no cost, and furnishing the tar for examination by
a body of research workers whose wages would be found from the economy
in the cost of gas production itself.

The fibre industry which is of equally great importance deserves
similar attention. The cane sugar industry has brought within reach a
fibre the value of which remains as yet unutilized. For buildmg materials
such and other fibres should be intensively investigated.

In the end. Dr. Sen d^lored the want of proper oo-operation between
the technical man and the capitalist, which, to his mind, is real
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reaeon for the absenoe of big industries. Initiative and enterprise, and
more than all, the combination of the capitalist and the technical man
would create a different phase in the future of Indian industry.

5. Dbs. H. B. Dunniolitf, Oilbekt J. Fowler, V. SuBRAMAmrAjr,
K. Vbnkataraman, K. G. Naik, M. S. Patel, K. L. Mudgill
and Miss Ram, took part in the discussion.

6. Sm Heeby Tizabd.

Sir Henry Tizard suggested the appointment of research boards by
the Indian Science Congress.

IV. PRE-OAMBRIAN SEDIMENTATION.

{Section of Geology,)

1. Mb. B. Kama Kao, Bangalore.

Including under the comprehensive term Pre-Cambrian all the rock
formations anterior to the great eparchean interval, the main features 6f
sedimentation of the Archean times as exemplified in the Dharwar rocks
of Southern India are dealt with. The process of sedimentation of this

extensive era has been considered under three periods.

During the first or the oldest period, there was a dominance of
vulcanism with hardly any sedimentation. Such of the few types as
could be recognized as possible sediments are of the nature of chemical
depositions, mainly siliceous, derived from the decomposition of their

closely associated volccmic rocks which in parts at least, seem to have
been sub-aqueous. Towards the top of the period, signs of disintegration
probably imder hot moist conditions, and mechamcal sedimentation
become apparent, but still the processes of weathering were incomplete
and the weathered products were never conveyed far from their sources.

During the second period, specially towards its end, signs of setting

up of meteoric conditions akin to those of the present day are better
evidenced. Graphitic carbon and graphite are conspicuous in some of
the rock types, indicating the probable advent of the original primitive
plant life at about this period. There was still considerable amount of
chemical deposition,—and this time lime, iron and silica were the products
of precipitation. Ihere was also mechanical deposition. The possible
sources of material for these sedimentations with reference to environ-
ment, the nature of the depositional basins and the conditions of deposition,
etc. are briefly touched upon.

The end of the era indicates conditions of sedimentation not very
different to what are commonly observable at the present day. The
sedimentiuy material of this period represents the broken down products
ofthe various tyjies of pre-existing rooks ; transported, sorted and deposited
like the present day sediments.

2. Db. M. S. Kbibhkan, Calcutta.

Most of the sedimentary types in the Pre-Cambrians do not call for

fecial comment. The iron formations and manganiferous rocks are

peculiar in that Haeit deposition has not been repeated in later ages to a
sknilar extent or magnitude.

The banded iron-bearing rooks are widely distributed in India-—in
Orissa, Central Provinces, Bombay, Hyderabad and Mysore. Most of
them at any rate are ofsedimentary origin, the iron being probably derived
from ^e weathraing of pre-existing rooks. Some of the deposita have
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been snetamorphosed, givii^ rise to magnetite-sohiBts and magnetite*
amphibole-sohists. Superficial enrichment has ^ven rise to important
deposits of iron-ore of high quality. Other peculiarities of the formations
are also discussed.

There are three different groups of manganiferous rooks in lndia»

gondites, kodurites and mangcuwerous shales. From the original sedi-

ments gondites have been formed by metamorphism, while kodurites ore
products of hybridism between the sediments and igneous rooks. All
the three types have given rise to residual ores, but the primary ores

associated with the gondites are the most important.
Though iron and manganese occur in close association in rooks and

minerals, on going into solution they tend to be segregated during deposi-

tion. The abundance of oxygen determines whether carbonates or oxides
are to be deposited.

3. Fbof. L. Rama Bao, Bangalore.

In discussing any aspect of Pre-Cambrian geology, the following

facts have to be remembered: (i) the Pre-Cambrian strata are of very
wide extent, visibly covering nearly one-fifth of the whole land surface

forming the shield areas; and even among the other four-fifths of the
continents, they probably exist over large areas deeply buried under the
later formations

;
(ii) their total thickness exceeds that of all the rest of

the strata put together, and they thus represent a very long period of
time—^much longer in duration than the whole of the time represented by
the Cambrian to the present day; (iii) the Pre-Cambrian beds of any area
axe not merely a series of deposits laid down one after another throughout
the period; on the other hand, the sequence is frequently interrupted by
prolonged periods of diastrophism and denudation, giving rise to uncon-
formities which constitute *the most wide-spread, strongly accentuated
and deeply significant structural features’ of this part of the geological

record, and represent extensive featureless surfaces of penoplcmation
the like of which it is impossible to see during the later periods ; (iv) due
to the continual operation of two factors, magmatic absorption from
below and denudation from above, it follows that what we now see of the
Pre-Cambrian rooks form only a part—probably a very small part—of
the entire original formation.

in the study of Pre-Cambrian sedimentation, two questions naturally
come up for consideration: (a) what was the appearance of the face of
the earth at the beginning of geological history ?—^was there a world sea
encompassii^ the whole earth or were there, as now, continental blocks
and sundering oceans ? (6) was the composition and character of the
primeval oceans and of the atmosphere under which they lay, the
as it is now ? and were the processes of sedimentation—medhanicaJ,
chemical, and organic—similar to those of the present day ?

In connection with Pre-Cambrian sedimentation, there is another
important problem to discuss, viz., what part, if any, did life play in the
buildmg up of these ancient rocks. It is true that, of undoubted organic
remains, there are very few indeed; and even t^se are mostly round
only in the later Pre-Cambrian sediments. But yet, taking into account

considerations, there seems to be no doubt that many more forms of
^e fiouriahed in the Pre-Cambrian seas than the actw fossil record
indi^tes. Absence of fossils need not necessarily mean absence of life,

particularly so in the case of so remote a period as the Pre-Cambrian.
The Pre-Ctobrian seas must have been teeming with life of a kind which
ooidd never be preserved in the fossil condition, but nevertheless played
an important part in determining the courseofcontemporarysediinentation.

4, PnoT. P. G. H. Boswbill, F.R.S., London.

In connexion with the discussion on Pre-Cambrian sedimentation,
Professor Boswell commented on the feet that in calcareous sediments
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ofmuch later date, e.g. Chalk and the Becent limy muds of the Bahamas,
no trace ofben remained of the organisms which had played a great part
in the formation of the deposits. It was possible, therefore, that organuons
such as bacteria and algn might have played an imxjortant part, even if

an indirect one, in the chemical processes of Pre-Cambrian limestone
formation. And the same might be urged, for some oecurrenoes at least,

of the banded iron ores.

The problem of Pre-Cambrian graphites associated with limestones
was also of much interest. Kow that so many rare elements were found
by spectroscopic tests to be characteristically present in coal-ash (e.g.

gemianium, vanadium, etc.) and our knowle^ of their occurrence in
animals was increasing, a spectrographic study of graphite associated
remctively with limestones and igneous rocks seemed to be called for.

Li^t might be thrown on the mode of origin of limestone graphite-^
whether organic or inorganic, and if organic, whether plant or animal

—

by such *blood tests*.

5. Dn. C. Mahadevak and Mb. Sybd Kazim, Hyderabad
(Deccan).

Pre-Cambrian aedimentaUon in the Bhima-Kiatna basin,

A series of sedimentary rocks consisting of conglomerates, sand-
stones, shales and limestones occupy roughly an area of about 2,000
square miles in the Bhima-Kistna basin. T^ir maximum thickness is

computed to be less than 800^ Bruce Foote and King, two of the great
pioneers of Indian Geology who surveyed this part of India about 70 years
ago, gave them the name of*Bhima Series* and relegated these formations,
on li&ological grounds, to the Kumul Series of the Purana Group of Sir
Thomas Holland. In the entire absence of fossils and stratigraphic
evidence to assign their horizon with certainty, lithological considerations
are the main criteria to fix their age. (Mem. G.S.I., Vol. XII, pp. 139 to
164).

During the recent survey of the Gulberga district by the Hyderabad
Geological Survey, some observations of intent were recorded which are
briefly reviewed here,

Bruce Foote divided the Bhima Series into two stages, a lower stage
consisting of conglomerates, sandstones and shales, and an upper sta^,
of limestones, sandstones (local) and shales. The recent detafied study,
however, brings out the fact that three distinct stages are recognizable in
these sedimentary formations.

In the first or lowermost stage conglomerates and sandstones are
succeeded by dull green, purple and red shales. Their total thickness is

not over 200'.

In the next or middle stage limestones of cream, blue, black and buff
colours were deposited. These have a maximum thickness of about 250'.

Field evidence clearly suggests that during this stage the Bhima sea
must have attained its maximum extent when dry land adjacent to the
original sea underwent submergence. We therefore find that limestones

sometimes directly overlie the Peninsular gneisses without the intervening

sandstones and shales.

The third or upper stage heralds a period of upheaval. A great |>art

of the area covered by the Bhima sea again became a 6^ land, mechanical
sedimentation taking the place of chemical precipitation, in the area still

oovered by water. In this last stage, local beds of the scmdstones along
what seems a shore line, were formed. These are succeeded by buff,

black, blue and purple shcdes. Naturally, oscillation in levels must have
taken place during the period of deposirion of these beds. The upper-
most beds are confined to the northern and western parts of the Bl^a
basin.

structural features presented by these formations are com-
paratively simple. The beds are nearly horizontal and exo^t for
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compaction show little evidence of metamorphism. Some faults have
been noted, the longest of which is about 50 miles with a run of 30 miles
West to East and about 20 miles South to North. This was traced east-

wards from Honhalli (Lat. 26° 44' 55", Long. 76° 26' 10") through Gogi
to Makhtapur (Lat. 16° 45' 30", Long. 76° 49' 50"). From here it tidces

a northerly swerve to Radewadgi (Lat. 17° 40' Long. 76° 47' 50"). This
is a normal fault with the throw varying from place to place.

A case of reverse faulting noted between Warchanhalli (Lat. 16°

51' 12", Long. 76° 48' 30") and Jewargi (Lat. 17° 18', Long. 76° 46' 20")

brought to light clearly by the data afforded by deep wells recently

excavated in the area and by surface observations clearly proves that the
Mudbal and Jewargi limestones are not intercalated beds in the Upper
Shale stage as suggested by King (Mem. G.S.I., Vol. XII, p. 160). The
anomalous position of the shales is seen to be duo to faulting. It is sur-

mised that the faulting took place subsequent to the deposition of the
sediments. They are definitely pre-trappean in age. The beds dip at
moderately high angles all along the fault line.

A feature of peculiar interest in these formations are the local

occurrence of large scale slipping-in of beds due to the removal of the
imderlying layers. At Ladlapur (Lat. 16° 58' 40", Long. 77° 2') a lar^
mass of brecciated limestones is seen lying at the foot of a conical hill

composed of shales, obviously displaced from the summit of the hill.

Recently, in the last session of this Congress, a suggestion was put
forward that the salinity met with in southern parts of Gulberga district

and in the Raichur district is mainly ascribable to concealed saline beds
lying below the shales of the Bhima Series. That is to say, there were
periods of marine regression and desiccation of parts of the basin, giving
rise to saline bods wliich are supposed to have been overlaid by later

sediments of the Bhima Series. This suggestion, i.e. of the alleged pre-
sence of concealed saline beds has been very carefully gone into by the
Hyderabad Geological Survey during the recent work in the Bhima Series.

Thanks to the systematic and extensive excavations of wells in this area
by H.E.H. The Nizam’s Well Sinking Department for village water supply,
we have reliable and complete data on the quality of water available in
these sedimentary formations through practically the full extent of the
Bhima Series, and along the junctions of gneisses and sandstones, of
sandstones and shales, shales and limestones, etc. hundreds of wells have
been examined but no case of salinity was met with. A few isolated
occurrences of brackish water, such as near Wadi railway station, are
obviously duo to contamination of surface waters through mantle of thick
black cotton, soil, during filtration. We have also incontrovertible
evidence that black cotton soil wherever it occurs, for example on gneisses,

on Dharwars and Deccan Traps gives rise to sometimes salinity of the sub-
soil water.

No fossils have been so far met with, though conditions were most
favourable for their preservation. Recent writers on sedimentation are
inclined to ascribe the black and blue colour of the shales to organio
origin. To what extent the black and blue shales of this area owe their
colour to this agency will be an open question till some definite evidence
of life is proved in these formations.

V. THE ORIGIN OF BANDED GNEISSES.

(Section of Geology.)

1. Dr. M. S. Kbishkan, Calcutta,

Three types of banded gneisses have been observed in the Gangpur-
Ranchi area of Chota Nagpur, viz., biotite-gneiss, calc-gneiss and amphi*
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bolite-gneiss. The lighter bands in all these consist of aplitic or granitic

material injected into the rocks in Ut-par-lit fashion. The darker bands
in the biotite-gneiss contain the usual constituents of biotitic schists;

in the calc-gneiss the constituents are the calc-silicates actinolite, tremolite,

epidote and zoisite ; in the amphibolite-gneiss they are hornblende,
quartz, clino-zoisite, ilmenite and spheno. The biotite-gneiss is found
over a large area near the margin of the granite batholith of Ranchi, the
granitization and banding dying away with distance.

The experimental work of Goranson in the Geophysical Laboratory
at Washington shows that pegmatite and aplite crystallize within the
temperature range of 700®~660°C. and quartz veins at still lower tempera-
tures. A typical granite which contains 1% water, at a depth of 10 km.,
will give at a temperature of 700°C. a residual liquid which is 15% of the
original rock with 6*6% of water in solution. The amount of water
held in solution will depend on the pressure to which it is subjected.
Hence, granite magmas at a depth of a few kilometres can be expected to
give sufficient residual fluids to soak or to penetrate porous and schistose

rocks in their neighbourhood and give rise to granitization and banding.

2. Mr. B. Ra.ma Rao, Bangalore.

Banded gneisses have originated under different conditions and
several types of such gneissf^s are recognizable in Mysore. All the various
types may be broadly classed under the following thi*oo main divisions :

—

(1) Banded ortho-gneisses ;

(2) Banded para-gneisses ;

(3) Banded composite gneisses.

In group (1), banding is generally noticeable due to the following condi-
tions :

—

() Flow banding produced at the margins of the later granites.

() Parallel orientation of coloured minerals in deformed granitio
rocks.

(c) Incorporations of streaks and stringers of dark homblondo-
schists in the granitio rocks producing various types of
banding commonly noticeable in the Peninsular gneiss.

(d) Acid injections along planes of weakness in the hornblende-
schists which have given rise to banded dioritic gneisses,
banded homblende-pyroxene-gneiss and several other types.

(e) Intermingling of granitic rocks and norites which have given
rise to some banded h3q)ersthene-gneisse8,

(2) Crystallization of different layers of original sediments have
given rise to certain types of banded gneisses and schists, like the silli-

monite-oordierite-gneiss of Channapatna, and the various exposures of
kyanite-sillimanite-gneisses of the south-west parts of Mysore.

(3) Certain gametiferous micaceous gneisses, homblendic micaceous
gneisses, and cordierite-hypersthene-gnoisses could be classed under
composite banded gneisses, and in many of the outcrops of such rocks
banding is seen to be due to lit-par-lit injections of acidic veins, in the
original sediments.

3. Mb. L. S. Krishna Mubthv, Db. C. Mahadsvak, and
Mb. Syed Kazim, Hyderabad-Deccan.

Field observations in Raichur and Gulberga districts throw light on
the origin of banding in the granitoid gneisses of the Peninsular complex.
Some of the salient points of this study wiU be briefly stated.

Banding in the Peninsular gneisses may conveniently be classed under
two main types :

—
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(1) Banding in the grey series produced by aplitic and pegmatitio

phases of the same series and from injections of the pink
series.

(2) Banding in both grey and pink series, produced by long runs

of basic rooks. These are seen in the contaot zone of the

schists and gneisses.

4. Mr. H. N. Ganoctli, Calcutta and Mb. G. C. Chattebji,
Dhanbad.

Ths Origin of Banded Gneisses of Hazarihagh,

The rocks involved in the production of the hybrid gneiss in these

areas are an older schist or ampMbolite and a newer granitic (the present
granite-gneiss—^‘dome gneiss*) intrusive with its later pegmatifio phase.

The hybrid gneisses range from banded gneisses with distinct alternat-

ing bands of basic and acidic materials throiigh streaky gneisses to

homogeneous melanocratio biotite-gneiss.

*&ero are evidences to prove that the pre-existing basic rook was
invaded by an acid magma firstly inbroad patches, and thereafter more
and more closely in a lit-par-lit manner. In places where penetration was
complete homogeneous gneisses resulted.

The basic rock before incorporation in the granitic material was
reduced to a plastic state which facilitated the intimate permeation of it

by the invadmg magma. The plasticity is inferred from local fault of
basic bands in the banded gneisses and from the ptygmatically folded

acid veins in the basic rooks.

The first acid magma to invade the basic rocks was the main acid
intrusive of the area. Later pegmatitio and aplitic material invaded
the earlier rocks, probably stiU in the process of consolidation. The idea
is corroborated by the occurrences of interstitial microchine in the gneiss

and by the occurrence of pegmatitio and aplitic veins and dykes that out
across the bands of the banded gneiss, often sending veinlets along the
banding planes of the gneiss. These pegmatites thus to a great extent
had been responsible for the banding.

The microscopic evidence of the permeation of a basic rook by an
acid one is furnished by (a) the intrusive relation of quartz with plagio-
clase and femic mineral and the formation of diablastic intergrov^;
and (6) inclusion by the acid magma and its materials of the constituents
of the basic rock.

During the earlier stages, i.e. during the period of meclianical
shattering, augite was produced from hornblende, in the separated
amphibolite bands, and a little quartz was introduced.

With more intimate penetration in the streaky gneiss more augite
was produced from hornblende but in the more homogeneous varieties,

i.e. where the penetration of the acid magma was completed, biotite is

far more prominent than hornblende and augite, with usually a subordinate
amount of muscovite.

With the thinning of acid and basic layers further interchange of
materials between the invading and the invaded rooks took place, the
evidence of which is furnished by the formation of myrmekite, etc. the
basic rook was acidified and vice versa.' Ultimately a uniform rook
intermediate in composition between the amphibolites and the granitic
rooks was produced.

M3rrmekite is generally absent in the homogeneous gneisses due
evidently to a more complete reaction between the invading magma
and the invaded rock.

Sphene was formed around ilmenite due probably to reaction between
the latter and some hme, that might have been available due to the
interohai^ of material between the acid and the basic components of
the hybrid gneiss.
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5. Piiop. H. H. Read, University of Liverpool, England.

In suoh an individualistic science as Geology, a discussion tends to
become a symposium of a number of detached views. Each contributor
gives an account of his own personal experiences, and it must be left to a
master'mind to correlate and assess the various contributions.
Particularly this must be so in a discussion dealing with so complex a
subject as the origin of the banded gneisses. The best that we can hope
for today, therefore, is to hear the personal views of those geologists

present who have had occasion to deal with banded gneisses in the field.

Perhaps I can best begin my own contribution by stating a fact
which, though obvious, is often ignored, and that fact is this;—^a banded
gneiss is a gneiss with bands, i.e. a gneiss with distinct more or less

continuous layers of different compositions. I am not concerned with the
homogeneous and massive v^arieties of metamorphio rocks.

The first enquiry that 1 wish to make is the following. Can dislocation-

metamorphism produce banding ? The only case known to me of the
production of banding by pure dislocation is that of the ribbon-mylonites
associated with clean-cut thrusts. Sheared rocks in general are not
handed; on the contrary, shearing tends to obliterate banding present in
the rock before it was subjected to shearing.

My second point concerns flow-banding in igneous rocks. This
banding, apart from some developments in the gabbroic rocks, is restricted
in extent,—original ‘pure’ igneous rocks are not banded. I believe that
only a very minor proportion of the banded gneisses owe this character to
a flow-banding in an igneous rock.

In my view, having in gneisses is inherited from or controlled by
originally handed rocks. Banding is therefore predominantly dependent
upon original sedimentary structures. Banding in gneisses arises in two
main ways :

—

(1) by inheritance from pure sediments

(2) by an injection-process controlled by sedimentary banding.

I now consider these two cases.

(1) Bandiiog may arise by the recrystallization of an originally banded
sediment. In this process of recrystallization there is a chance that there
may be a partial or complete destruction of the original sedimentary
banding by the operation of metamorphio diffusion and metamorphio
differentiation. In these two closely related processes, movement of
material from one part of the rook to another takes place during the act
of metamorphism. It is unwise, in my opinion, to believe that the
different layers in a banded gneiss have compositions identical with those
of the corresponding layers in the original banded sediment. As a side-

line to this topic, I should like to call your attention to two points, namely,
the common preservation of banding in rooks of high m^etamorphic grade
and the equally common destruction of banding in rocks of low meta-
morphio grade. I would put the question as to whether a progression

from unaltered banded se<hments through rocks of the epizone into rocks
of the higher-grade zones is always requisite. I suggest that many high-

grade banded gneisses have missed some of the lower stages in their

formation.

(2) An equally important process in the production of banded gneisses

is that connected with igneous injection. It is becoming inoreMiagly

clear that metamorphism on a regional scale is accompanied oy the

injection of material of magmatic origin, usually granitic in character.

This is especially ewdent, of course, in the rooks of high metamorphio
grade. The great injection-complexes of Scandinavia, Scotland, the Alps,

the Pyrenees, United States and elsewhere, supply abundcmt evidence on
these points. A very important group of band^ gneisses, therefore, is

that of the so-called injection-gneisses.
*

2
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In this connexion^ I should like to hasten to express my opinion
that we incline rto emphasize unduly the importance of the so-called

Ut-par-lit injection as a cause of banding in injection-rocks. While I

agree that late plane injection of ‘magmatic* material along planes of
weakness,—foliation-planes, fracture and joint planes—does give rise to

banded gneisses, still 1 hold that gneisses arising by such a process are

relatively insignificant in the whole body of banded injection-gneisses.

In the case of granitic injections, such introduced lits may be recognized

by the development of selvages of enlarged biotite or hornblende adjacent
to the incoming quartzo-feldspathic layers.

The main process operative in the formation of the injection-gneisses

is, I believe, one of replacement or metasomatism. This is no new idea, for

it is inherent in the classic work of Michel-Levy and Lacroix on the French
complexes, of Clarence Fenner in the United States, of Hugh Miller Junr.
in Scotland and of many other observers in divers districts. My own
work in the great Sutherland complex in the Northern Highlands of
Scotland has shown me that a great deal of the injection-process is carried

on not by discrete injection of igneous material but by a permeation
of the country-rock by solutions derived from an external source, pre-

sumably an igneous reservoir. In the Sutherland complex, we can
demonstrate the passage, along the striket of sedimentary rocks of various

kinds into injection-gneisses and migmatites. Permeation-gneisses and
biotite-rich augen-gneisses arise from pelitio rocks, augen-gneisses from
semipelitic rocks and homblendic augen-gneisses from banded hornblende-
granulites. Apart from the microscopic evidence, which is abundant and
clear, it is evident from the preservation of the original attitude of the

detailed succession of the country-rocks when they are involved in the

migmatite zone that we are deal^g with a pseudomorph, as it were, of
the country-rock in migmatitic material. The preservation of the plane-

banded sedimentary attitude in rocks now consisting dominantly of
‘granitic’ materials points unquestionably to the operation of igneous
metasomatism. Country-rocks of different compositions react with the
advancing solutions in different ways and to different degrees. The result

is the production of a multitude of banded gneisses whose detailed

characteristics depend upon their original composition and the stage
reached in the metasomatic process at any given place.

To sum up, therefore, banding in gneisses depends fundamentally on
a banding, usually sedimentary, in the original rock. This original

banding is either preserved by recrystallization or it controls the formation
ofbanded gneiss in injection-complexes, in which differential metasomatism
plays a predominant part.

VI. THE SIGNIFICANCE OF BOUNDAKY FAULTS IN
THE SUB-HIMALAYAS.

{Section of Geology.)

1. Mr. P. Evans, Digboi.

The sub-Himalayan zone of the outer Himalayas in the Simla, Dehra
Dun, and Naini Tal region is made up of a long narrow bolt of Tertiary
(mainly Miocene and Pliocene) rocks. The beds have a general northerly
^p, and are separated from the older beds to the north hy a thrust-fault.
Within *this strip it is usual to find the newer beds to the south and the
older to the north, the apparent contradiction being explained by the
presence of nearly parallel strike faults.

A hypothesis developed by Middlemiss, following up a suggestion
of Medlicott, postulates t^t the main fault to the north, and to a lesser
extent the smaller faults within the Tertiary strip, ore * boundary faults

*

marking very closely the original limits of deposition of the successive
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groups. This hypothesis supposes that to a large extent the faults were
suooessive, and not contemporaneous.

This conception of * boundary faults ’ is still accepted as the orthodox
interpretation of the structure and stratigraphy of the sub>Hiinalayan
zone.

Hayden and Pascoe have applied this hypothesis to the Naga Hills
structure in Upper Assam, and have regarded the conditions here as
analogous to those in the sub-Himalaya. Suess, Wadia, and others
have sug^sted that the Naga Hills structure represents the continuation
of the Himalayan folding beyond the Assam Valley syntaxis, comparing
this feature with the Jhelum Valley syntaxis at the other end of the
Himalayas. This appears to be a very probable interpretation.

Detailed mapping in Assam has shown that the Disang thrust-fault
of the Naga Hills is not a south-eastern limit of deposition as suggested
by the boundary fault hypothesis. A rejection of the hypothesis in one
area, even if closely related, does not necessarily invalidate its application
elsewhere, but it does undoubtedly point to the need for re-examination
of the evidence on which the hypothesis is based.

The main ar^piment in support quoted in the Manual of the Geology
of India is that ‘ if the many thousand feet of tertiary strata found south
of the fault had been laid down in a continuous sequence previous to its

formation, they must have extended far to the north of it, and it is almost
impossible to understand how they could have been so completely removed
as to leave no trace of an outlier

* but this does not appear to accord
either with modem ideas of the degree of denudation of the Himalayas, or
with the results of recent mapping near Simla and elsewhere, and the
object of the discussion is to consider the evidence for and against the
accepted interpretation of the boundary faults.

The rival conceptions may be summarized :

—

() the faults are mainly successive (that is, were formed at the
end of the period during which the sediments immediately
to the south were deposited) and mark approximately the
limits of deposition of successive beds.

() the faults are in the main of post-Miocene age, largely con-
temporaneous, and have no close connection with the limits

of deposition of the Eocene and Miocene beds.

It seems impossible to obtain any clear picture of tlio mechanism
of the Himalayan mountain building movements until such a fundamental
contradiction is resolved.

2. Mk. D. N. Wadia, Calcutta.

Geotectonic work in the Pimjab Sub-Himalayas has helped to define

the real boundary of the Himalayas, i.e. the limit of the geosynclinal
deposits against the epicontinental and fiuviatile deposits laid down on
the marginal foreland and which have been involved in the later subsidiary

phases of upheavals. This boundary is a well defined thrust-plane or
zone of thrusts bringing the Himalayan Palseozoio to Eocene rocks into

juxtaposition with the Miocene and later Piedmont deposits (Murree
and Siwalik). The term ‘ main boundary fault * applied to this fault is

clearly a misnomer.
South of this thrust-plane there are a system of more or less parallel

reversed faults of remarkable persistence from east of the Jhelum in

Punjab to beyond the Ganges. These may be the true boimdary faults,

i.e., limits of deposition of successive zones of Upper Tertiary strata

as much as tectonic dislocations, possessing the characteristics, structural

as well as stratigraphioal, ascribed by Medlicott and Middlemiss to these

rcnnarkable lines of demarcation in the Sub-Himalayon Tertiaries. These
* boundary* faults are highly characteristic and constant features of
the Punjab, Kumaon, and Garhwal Siwaliks, exhibit!^ the relationship

commonly ascribed to them, viz., that, each zone, as it follows the next
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one, contains a younger Siwalik stage as its oldest rock>group. It is

only at the western and eastern ends of the main Himalayan arc that the
characteristics of the boundary faults change and that they cease to be
original limits of deposition marking the southwardly advancing foot of

tlie Himalayas at the successive uplifts.

The remarkable observations made by Mr. P. Evans in the Assam
ranges show the absence of typical boundary faults at this end of the

arc. Similarly in the Kashmir foot>hills at the west extremity these

parallel lines of faults are observed to die out and to be replaced by simple

fold-axes, or normal faults, which do not possess any signihcance as

boundary faults or limits of deposition.

The old conception that the faults mark cliff-faces of the southern
front of the Himalayas, against which piles of sub-montane sediments
were laid down could only be true in a very limited and general sense at

the most typical localities.

Tectonically these faults-cum-limits of deposition should t)e regarded

as having been caused by the sagging of the north rim of the foreland

at successive epoclis of uplift of the Himalayas to form the complementary
Oangetic depression at their foot. The sinking of the Indo-Gangetic
trough must have been in stages, probably correlated to the orogenio

pulsations, each stage marked by a fault-plane, giving rise at the surface

to the features associated with boundary faults.

3. Mb. J. B. Auden, Calcutta.

Mr. «T. B. Auden began by describing the work of Medlicott and
Middlomiss in connection with botmdary faults, and then discussed their

conclusions in the light of evidence collected during recent surveys.

Certain boimdaries, which were thought to mark the limits of present

distribution of rock groups, were considered by Medlicott to have been
topographical features which originally determined the limits of deposition.
This idea implies that those strata which are now absent from regions of
elevation wore never deposited there. These views have been found to be
untenable with regard to the Nummulitic and Hagshai beds, which crop
out further north within the lower Himalaya than was formerly supposed,
frequently occurring as inliers below thrust sheets. There can bo no
question of such boimdaries with the overlying thrust sheets being original

topographical features. L. M. Davies has recently suggested that the
Upper Kanikot sea extended from near Lhasa to Bagdad. Even accepting
the original premises of Medlicott and Middlemiss, two of the so-called

boundary fa^ts of Hazara do not warrant their designation as such.
Medlicott was unwilling to admit of anything more than local and

unimportant movements along the margins of his supposed elevations.

Middlemiss and later workers have realized that great faulting must have
occurred. More recently there has developed the conception that these
faults are in the main tluusts, and that the movements along them had a
considerable horizontal component.

The idea of faults developing and moulding topo^aphy in such a
way that deposition becomes limited to the downthrow side is no longer a
valid explanation of the position of the older Tertiaries occurring below
the major overthrusts within the Himalaya. The great overthmsts were
probably just post-Murree, and it was probably not until these had formed,
and the tectonic units thus piled on each other had begun to rise as a
mountain chain, that the geography of northern India began seriously to
be modified. Once the mountainous region had formed it may be supposed
that there were effective limits to the deposition of the young orogenio
sediments (Siwaliks) both in the north, in Himdes and the northern slopes
ofthe Kun Lun, and in the south, along the southern flank of the Himalaya.
In as much, however, as the faults marking the present surface limits of
these late Tertiary rocks are inclined thrust planes, it follows that the
actual limits of deposition must lie northwards, below the overthrust
units.
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4. Pbof« P, G. H. Boswell, London.

Professor P. G. H. Boswell found himself in the position of the passing
Irishman who asked ‘whether this was a private fight or might anyone
join in*. As an outsider he (the speaker) with the humility bom of
ignorance failed to understand the raison d’etre for the discussion. He
could not recall a similar discussion on the question as to whether a
boundary fault divided off the Alpine or Carpathian mountain masses
from the adjoining basins of deposition. There were, of course, ‘boundary
faults’, but they changed in position in successive phases of Alpine
mountain-building, with the result that later mov’^ements caught up and
included within the main mountain-mass sediments derived from erosion
during earlier phases of uplift. He gathered that Tertiary sediments
were similarly found on the Himalayan side of the boundary faults.

VII. THE TEACHING OF GEOGRAPHY IN INDIA.

(Section of Geography and Geodesy.)

Da. CiiATTERJMR in his opening speech said that Geography was tlie

most neglected subject at. present in India. In support of tins he pointed
out that of the hundreds of colleges affiliated to the 18 universities only
five or six colleges teach Geography in B.A. or B.Sc. course and only one
provides facilities for the study of this subject in the M.A. course; whereas
it IS a quite different talc in the foreign universities which not only provide
immense facilities for the study of that subject on a very high standard
but also for training teachers in Geography. In the opinion of
Dr. Chatterjeo Geography is still taught in old discarded way by untrained
teachers who are lamentably ignorant of the real Geography. As a result

of that, boys only get by note names of some cities and towns and some
definitions of geographical terms, wluch is no geography at all.

In his healthy and thoughtful suggestions, Dr. Cliatterjee told that
in primary school and in the lower fonns of the secondary school, Geography
should be correlated with that of hand work, nature-study and history,

in os much as nature study lossoiia mainly moan the observation of plant
and animal life and of physical environments of the children, whi(5h,

again, are the stepping stones to the study of geography. In fact, the
primary object of the teacher would bo to awaken children’s interest in

their immediate surroundings by arranging geographical excursions. In
the higher forms of secondary schools and in the advanced course in

geography at the university stage. Dr. Chatterjeo said that geography
should be taught as a separate branch of science only by those trained

teachers who had a clear knowledge of the proper aim and method of
modem geography; otherwise tliis subject would run the risk of being
side-tracked by other sciences.

Lastly he suggested that a circular letter would be drafted and sent

imder the signature of the eminent Geographers present in the Conference
to all universities, stressing the importance of geography and requesting

them to provide facilities for the higher study of Geography. And
geographical associations would bo formed in every province with a view
to creating public opinion in favour of geography.

Ho hoped that after such provincial associations have come into

existence, a central organization with a central museum can be formed that

would help schools and colleges in various ways.
After this a lively discussion followed and a large number of delegates

participated in that. Miss Mary W. F. Waddinqton of Madras pointed

out several difficulties that hampered the teaching of geography in different

types of schools. In her opinion syllabus for geography is not properly
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drawn out; some where it was stereotyped^ some where it was too
extcmsive.

Messrs. George Kuriyan and S. M. Ayyar of Madras stressed the
need for entrusting that subject only on the trained teachers for teaching
so that the subject might be properly handled; the latter put in a strong
plea for the general recognition of the importance of study of local geo-
graphy at all stages.

Mr. C. Haghttnatham of Madrid suggested that geography should be
taught in elementary schools as that formed the reed foundation for the
study of the subject at all the higher stages.

Mr. a. N. Basu of Calcutta divided the problems ofgeography teaching

into three classes :—(o) paucity of the right type of teachers, (h) paucity
of materials, and (c) paucity of good text books. Dwelling on the third

problem, Mr. Basu said that most of the text books were written from the
standpoint not of Indian students but of students of other climes and
countries. This sort of text books, in his opinion, makes the subject an
unreal one. Ho laid emphasis on the fact that geography should be
taught entirely from the standpoint of the Indian students, so that the
subject might be well grasped by students.

Mb. a. K. Banerjeb of Calcutta endorsed the view of his previous
speaker about the need for good text books. He deplored the paucity of
materials in high schools of Calcutta which hindered a groat deal the
teaching of geography on the modem line. In his opinion, geography
teachers should be geography-minded and this would be possible by
opening geographical societies in different paj^s of the country.

Miss Gasper of Calcutta put in a strong plea for plenty of out-door
work, use of one inch maps and nursery rhymes and this would inspire

the boys to use their powers of observation in the study of physical and
the human aspects of the Home Region.

Dr. L. Dudley Stamp of London opined that the basis of the whole
trouble is that there is movement in a vicious circle, which has to be
cut down somewhere. In his opinion, if the teaching of geography in
schools be improved, there will bo considerable improvement in the
tea^ching of geography in colleges. In the actual teaching of the subject,

he said that the teacher of geography has to keep to himself the purpose
of geography and the logical sequence of it and only then text books
can be made interesting and real.

Mr. N. Subrahmanyam of Madras in rounding off the discussion was
at one with Dr. Stamp in his view and added that progress should bo made
all along the line in order that it may be effective and permanent. He
opined that university authorities sho^d be persuaded to take immediate
steps to provide facilities for the study of geography and give requisite
training and insist upon the right qualiheation for the teacher ofgeography,
while it is incumbent on the geographical associations to create the proper
public opinion.

Vm. ANIMAL ECOLOGY IN RELATION TO INDIA.

{Section of Zoology,)

A discussion on ‘Animal Ecology in relation to India * of the section of
Zoology was held in the Zoology room (Chemistry Room I, Presidency
College, Calcutta) on the 4th January, 1938 at 10-30 a.m. under the
chairmanship of the President of the Zoology Section, Prof, G. Matthai.
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1. Prof. P. R. Awati, Bombay, opened the discussion.

Ecology is a new name for the old subject. Natural History. The
old Natural History methods are now looked upon with some disfavour,
since they aimed mainly at the collection of specimens. With few excep-
tions (e.g. the Bombay Natural History Society), local Natural History
Societies, however much they catered to the popular interest, do not
seem to be of service to modem Ecology.

Ecology is scientific natural history that attempts to explain the
physiology of organisms. It is a disciplined study of organisms in relation

to environmental factors such as light, air, water, soil. It is the study
of the action, and reaction between organisms and their environment,
as well as among the organisms themselves.

India is perhaps witnessing the last phases of the old Natural
History. There are several Natural History Societies and Museums in

India whose collections are often ill-assorted, ill-classified, badly preserved
and wrongly labelled, to be of any scientific use. Ecological investigations
are sometimes conducted by those interested in the applied sciences.

In departments such as Agriculture and Medicine, for fighting pests of
crops, and germs of disease.

Ecology has not yet found a place in the curriculum of university
studies, although in western countries attempts are being made to give
it a place in imiversity syllabuses. Julian Huxley would like (so would
we) to see some of the new subjects such as Animal Ecology, Developmental
Physiology (Entwicklungs Mechanik), Genetics, Animal Behaviour, taught
side by side with the old traditional subjects. Comparative Anatomy,
Physiological principles. Cytology, Histology, Evolution and Systematic
Zoology.

Students who take a post-graduate degree by an examination only
should be required to study the principles (elementary, of course), of these

new subjects, in addition to an advanced study of the fundamental
branches of Zoology, whilst those who are required to do some research
work in addition to a written examination would be well advised to under*
take ecological investigations. When, however, a graduate degree is

sought solely on research, an ecological thesis might not be regarded
* safe ’ for that purpose.

2. Prof. C. R. Narayan Rao, Bangalore.

The distribution of Batrachians in Mysore,

The plateau of Mysore surrounded on throe sides by mountain ranges
and by level plains towards the east, is diversified by physical charac-
teristics such as heavy forests and hills raising into bare crags in the
higher altitudes, and level plains deriving their character from the mooq^,
of water supply and the nature of the soil determining the cultivation.

The faima of the country especially towards the west is, in richness and
variety, comparable with that met with in Malabar and Travanoore.

The tropical forests present a vertical series of strata available for

animal occupancy, and the inhabitants of these areas are distinguished

by certain well-defined morphological features. These adaptative modifica-

tions are closely correlated with the physical conditions of existence,

such as humidity, air movements, light and leafy covering of the ground
area and the nature of the soil. The trees and shrubs which provide
shelter may be classified under the following heads : (i) trees extending
here end there up to 80 ft., (ii) lower tree tops, from 40 to 60 ft., (iii)

small trees, 20 to 30 ft., (iv) higher shrubs, above 10 ft., and (v) forest

floors and low shrubs.
The leafy cemopy casts a heavy shade, preventing grass from growing

in the deeper recesses of forests, and here the deciduous leaves preserving

moisture and warmth, provide protection. The temperature in the deeper
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regions of the forests is comparatively high, ranging from 100 to 115®

while in the margins of the forests the temperature rarely exceeds 100®

in the hot weather.
The warmth of the air saturated with moisture makes the tropical

forest of the Malnad area a paradise for tailless amphibians. Generally
speaking they are slender in build. They are almost entirely of arboreal

habit, a few are rupicolous, so much so that, except during the breeding
season, they rarely descend. In accordance with such habits, we find

that the digits are provided with extensive adhesive discs with aborted
web. A few Batrachians build leafy sacs on branches overhanging the
water for depositing their eggs in, so that the lan^se fall into the water
on hatching.

If wo travel from the plains towards the Malnad area, we find there

is a marked contrast in the distribution of the several families and even
the members of the different genera. Certain species belonging to the
genus Eana are absolutely plain-dwellers, not represented in 'the Malnad
or in the margins of forests or in the higher altitudes, though a few hardier

species may be found even on the tops of the bare crags. In the margins
of the forest the principal genera am Nyctihatrachiis^ Bhacopliorus anil

Philavius. The latter genus is entirely absent from the plains. In the
plantations which have sprung up near the margins of forests, a large

number of EnyystomatidcB, principally of the gonora Ramandla and
Microhyla are represented. Curiously they are also arboreal while their

congeners in the plains are burrowers, a habit of life which has produced
remarkable morphological variations. The structure of the skin is equafiy
interesting, inasmuch as the dermis possesses large spaces for the retention

of water, a provision against the extreme dryness which prevails during
the hot weather.

The paper gives an account of the distribution of the Batrachians in

accordance with the physical variations of the country, and describes the
morphological adaptations produced by climatic and other ecological

factors.

3. Du. SuNDEB Lai. Hoka, C’alcutta.

Animal ecology of torrential fslreams.

The author explained how the * association * of a torrential fauna
could be grouped into well-marked ‘habitats’ which could be further classi-

fied into a number of ‘ strata ’. The physical and biological conditions
which influenced the distribution of animals into ‘ niclios ’ were discussed
and it was shown that the presence of an organism in a particular type of
enviromnont was not a chanco occurrence, but was the result of an adjust-
ment of the animal to the external conditions of its existence. By a
series of examples, taken both from the vertebrate and invertebrate faima
of rapid waters, the author illustrated that this close adjustment of an
organism to the external conditions of its existence or * adaptation * was
brought about through a series of gradual changes in the build of an animal
which were, in the main, induced by a number of factors composing its

environment. It was concluded that for the study of organic evolution
and adaptation it was of the highest importance that animal structure
should be thoroughly analysed in terms of its environmental factors,
and by such an analysis all chances of confusion arising out of a similarity
of structure under apparently different conditions or of a divergence of
structure under apparently identical conditions would be eliminated.

4. Du. H. SumivASA Kao, Calcutta.

Ecology of animals living in brackishwater areas of India.

The term * brackishwater ’ is restricted to such areas of water as
have permanent or temporary communication with the sea by estuaries
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of rivers, or of channels connecting marshes, swamps, and backwators
on the coasts of the Indian Empire. The waters of the areas under
consideration are very variable in salinity throughout the year due to the
rise and fall of the tides, or to the periodical influx of freshwater from
floods and rainfall during the rainy seasons. Certain inland streams and
lakes, the high salinity ofwhich is due to purely local causes, as for instance
in the streams of the Punjab Salt Range and of Seistan, are excluded from
the meaning of the term ‘ brackishwator *.

The brackishwater fauna of the Indian Empire is as yet little known,
but certain typical areas such as, for instance, the Gangetic Delta and the
Calcutta Salt Lakes, and the Chilka Lake have been more fully investigated
than the others. Preliminary surveys of the fauna of the Vizagapatam,
Ennur, Adyar, Travancore, and Cochin backwaters, all of them in S. India,
have yielded results Jiot unlike those obtained for the Gangetic Delta
and tlie Chilka Lake, but no detailed observations in regard to the ecology
of animals constituting the fauna have as yet been made.

The main types of environment in brackishwater areas may be
enumerated under the following heads :

—

1 . The bottom—of mud, sand, or rock.
2. The inter-tidal region—of mud, mangrove or rock.
3. The woods—consisting of flowering plants and alga‘.

4. The mid-water.
5. The surface-water.

The groups of organisms that are associated with these types of
environments are considered. They are of mixed origin—some being
marine and some brackishwator, others being freshwater. Certain
species of animals arc periodical immigrants when salinity conditions are
favourable. They die out when they are no longer able to withstand
marked and sudden changes in salinity. Certain other species which aro
well adapted to changing conditions of salinity become the permanent
inhabitants of the areas. Those are usually of brackishwater origin.

The causes of migration of marine as well as freshwater animals from
their habitual environment into brackishwater areas are analysed.

The conditions of life in brackishwater areas, particularly as regards
availability of food, competition from various animal species, temperature,
chemical and physical conditions, aro considered.

5. Dr. H. S. Pruthi, New Delhi.

A brkj review of the work on the influence of the chemical and physical

conditions of water on the bionomics offreshwater fauna in India,

The freshwater fauna of various tropical countries have received

considoT'able attention during the last 40 years, but most of these studies

are of purely systematic character. Many problems w'ith regard to the

biology, distribution and mutual relationships of the components of
various famias yet await solution. It is now widely recognized that the

most essential work preliminary to tho solution of such problems is the

thorough study of the environments under which the various animals

live. Whereas the fresh waters of tho temperate region of the world
have been exhaustively studied from this point of view, those of the

tropics have yet received very scanty attention. Less than a dozen
workers distributed over South America, East Africa, India, Ceylon, Java,

Sumatra, Bali, etc. have yet investigated the chemical and physical

conditions of tropical freahwaters and tho influence of those conditions

on their faimas. The workers in other countries who have made important

contributions to this subject are P. Van Oye. Apstein, Worthington,

Carter and Beedle, Ruttner, etc.

In India Senior White, Bora and Pruthi have been engaged on this

line of work. Senior White studied the distribution of mosquitoes in
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relation to the nature of waters in Ceylon. Hora has paid considerable

attention to the physical conditions of rapid waters on fish and other
n.Tiim<i.lg in several parts of India. Pruthi critically examined the seasonal

changes in the conditions of the Museum tank in Calcutta and studied

their r61e in causing periodic epidemics of fish mortality in that water.

He also investigated the conditions of life in the highly saline waters of

the Salt Range. Punjab. A brief account of the results of important works
of these authors will be given.

6. PBor. R. Gopala Aiyau, Madras.

Marine biological research in India with special reference to plankton^

and growth and reproduction in marine animals.

Early marine biological research in India is bound up with the work of

Aloock, Annandale and Sewell as Surgeon Naturalists of the R.I.M.S.
Investigator or as Directors of the Indian Museum, Calcutta. The
investigations of Hordman in connection with the pearl fisheries of Ceylon,

of Gardiner and others on the fauna of the Maidive and Laccadive
Archipelagoes have greatly added to our knowledge of the marine fauna
of the Indian Coast. It may be said that systematic Plankton work
has not been attempted in India. Various organisms, however, which
form constituents of Plankton have been the subject of intensive studies

amongst which Col. Sewell’s work on the Copepods and the Salpa of the
Indian Seas, the work of Doncaster, Browne, Stiasney and others on Sagitta

and Medusje of the Arabian Sea may be mentioned. In recent years a
fair amount of work has been done on Plankton and Planktonic foims
on the Madras Coast. A comparison of the Plankton of the Irish and
the English Seas with that of the Madras Coast is instituted and it is shown
that here the Phytoplankton shows definite seasonal maxima. A com-
parison is also made with the Plankton of the Australian Coast. The
influence of sunlight, temperature, salinity and chemical constitution of
sea water on Plankton is briefly discussed.

Investigations regarding the periodicity in breeding of tropical animals
of the Indian Coast may be said not to have been attempted at all. With
the exception of t>ie work of Hordman and Malpas on the pearl oyster
and the work on Trochus by Rao no detailed published account exists on
the behaviour of tropical forms in regard to breeding in Indian waters.
Recently (yet unpublished) work on a number of sedentary organisms
growing in the Madras Harbour goes to show that the views of Semper,
Orton and Mortenson regarding the breeding of tropical animals cannot
be taken as altogether correct. Evidence is available to show that
breeding in the Madras Coast is very similar to that of the Great Barrier
Reef. It may be said that the breeding of animals in the tropics may be
grouped under five definite heads. 1. Single brooding period not lasting
the whole year round. 2. Continuous breeding all year round but more
active during certain portions of the year. 3. Continuous breeding
throughout the year without any marked breeding in any part of the
year. 4. Two breeding periods in an year with a quiescent phase in
between. 5. Discontinuous breeding related to the phases of the moon.
Work done here is in almost complete agreement with the results obtained
by the Great Barrier Reef Expedition.

Regarding growth and attainment of sexual maturity the data
gathered from the Madras Harbour, taken in conjunction with the informa-
tion available on work of a similar kind carried out in other parts of the
world with very similar climatic conditions, show that sexual maturity
is attained at an astonishingly eaily period and several broods are produced
during the comse of the year. The rate of growth here is found to be
extremely rapid as compared with forms in other parts of the world.
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Pbof. B. K. Das, Hyderabad.

Animal Ecohgy with special reference to the evolution of the

Indian air-breathing fishes.

The following points were discussed by the author ;

1. The various types of ecological conditions existing in India
and other tropical countries, and their relation to the characteristic features
of the faunas found in such localities.

2. Main factors responsible for the evolution of the air-breathing
habit :

—

(a) Lack of oxygen in shallow waters is the main stimulus for the
instigation and development of this habit, and is of the
greatest bionomic importance.

(b) Other environmental factors associated with pools and ditches
(stagnant waters), swamps, rivers and streams, lakes and
seas, littoral and other zones.

3. Various kinds of adaptations leading to structural modifications
as correlated with ecological conditions. As a rule the adaptations are
quite new, distinct and of independent origin, but in a few cases they
may represent a single phylogenetic typo.

4. Certain general characteristic features of the air-breathing fishes

—cf. similar environmental conditions prevailing in different parts of
the world have led to identical physiological adjustments—a very in-

teresting case of ‘ parallelism in evolution ’.

6.

Tf an organ is modified for aerial respiration it must have (i) air

passing in and out of that organ, and (ii) have a capillary net-work
—

^both

those conditions aro being satisfied by the accessory air-broathing organs.

6. The accessory respiratory organs are (‘hiefly an adaptation for

the absorption of oxygen from the atmosphere, whereas the gills fonn
the main seat for the excretion ofC02 *

7. In the evolution of air-breathing habit, as a direct reaction to the
low concentration of oxygc'n in the surrounding medium, there is clear

evidence of a change of function, followed by structural modifications.

8. Air-breathing habit is the starting point for a series of
adaptations that must have helped migration to land, and is a prelude
to the whole sequence of later changes that must have led to the evolution
of higher vertebrates.

9. Lack of oxygen in tropical waters must have played a most
important rdle in the evolution of the terrestrial vertebrates—it is

generally believed that the emergence of those vertebrates must have
taken place in some such environment, viz., shallow tropical fresh waters
or swamps (in other words, semi -aquatic habitat) exposed to occasional

droughts.

8.

Dll. S. C. Law, Calcutta.

Ecology of avifaumt in India,

The correlation between the geograpliical environment and different

forms of life, which is so readily observable among plants, holds good in

the case of the avifauna of India as well. The subject, however, has
only begim to be investigated, and not more than a few pioneer studies

are available.

The scope of the paper is limited to certain ecological facts concerned
with the avifauna of two particular regions, viz., Lower Bengal and the

Himalayan region roimd about Darjeeling, which came under the

investigation of the writer.

Lower Bengal is a deltaic region and has all the characteristics of a
delta. The Darjeeling region, on the other hand, is composite in its
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geographical character and presents features common, with tropical or
sub-tropical regions at lower elevations, and temperate and sub-fidpine

characters at elevations ranging from 5,000 feet upwards. These environ-

mental features are also reflected in the avifauna of each of these two
areas. The Darjeeling area with its divorsifled ecological zones harbour
a varied avifauna ranging from the forms peculiar to the plains to those
specially adapted to high elevation. The plains species like the Shoma
{KitUzcincla malabarica indica S. Baker), the Racket-tailed Drongo
(Dissemurus paradiaetM grandis Gould), Harewa or the Goldfronted
Chloroposis {Chloropsis a. aurifrona Temrn. & Laug.) and the Hill Mjmah
or Grackle {Qra^ula religioaa intermedia Hay) have their habitat in the
low-lying bolt surrounding the foot of the hills, seldom exceeding a few
himdmd feet beyond it. The birds of the temperate zone on the other
hand roughly populate an area from about the height of Kurseong to an
elevation little over 1,000 ft. above the town of Darjeeling. Among tho
characteristic vegetation of this zone, the mantle of mosses hnd femlike
growths harbour plenty of insect food for the birds and also provide
nesting material and sites. After tliis comes the zone of the pal®arctic

birds, the borderland between which and the temperate zone is tho haunt
of an admixture of paltparctic and oriental or Indian types.

In Low'er Bengal tho environment of marshes and jlieels is congenial

to wading birds of the family Rallidce. The areas under tillage are

inhabited by a different type of avifauna or rather society or association

of birds. ()f the waders Snipe with its smaller congeners })rovails in the
low-lying areas. Larks with Pipits are found in the meadow lands and
higher cultivai^od fields. Plovers and Lapwings are no less a feature of
these surromidings. Cattle Egrets are a necessary concomitant of the
cultivated fields. The backwaters and salt-impregnated kfutla and bil^t

harbour Terns and Gulls, Kingfishers appear to litevail everywhere,
and so do Doves, Babblers, and Cuckoos. But on scrutiny particular

species are found peculiarly attached tf) certain environments.
Lower Bengal falls directly in tho migration route of birds from

north to south and vice versa, and wliile it rocoives the influx, tho stream
fhVide.s somewhat longitudinally when an outpour into the Indo-Malayan
region commences siinultanooasly with a convergence of avine sojourners
to Central India. This accession of avifauna, though noticed haphazard
at first, rondily plants itself in its proper setting. The ornithologist familiar

with environmental factors will at once locate tho associations that grow
up in different settings, Tho Ducks and Geese arrive in legions, but
what for their nocturnal habits and what for their undertaking migration
only at nightfall they compel their adjustment without commotion to
their habitat or sun’oundings. Tho Smidorban areas harbour them in
large numbers, and while they still abound in some congenial river-banks
elsewhere, their number continues to dwindle appreciably due to diverse
causes mainly affecting their environment.

9. Dr. B. Sundara Raj, Madras.

Ecological Research with particular reference to Indian
fisheries.

In most fisheries man simply gathers a wild harvest, without in any
way contributing to its creation. Fish therefore live and die in their
natural environment and so provide a rich field for the ecologist. The
reactions of fish to physical, chemical and dynamic conditions in the sea
and fresh water to soil and bottom material, their response to weather
and climate, their food habits and life history os adapted to their environ-
ment, and finally their adjustments os communities to other aquatio
life including a statistical study of their relative abundance, form the
bulk of fishery research which is essentially ecological in character.
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The basic problems of Fisheries all over the world may be grouped
under four heads:

—

1 . Can accurate estimates of the productivity of fisheries be made ?

2. What possibilities are there of extending fisheries to new grounds
or of augmenting the production of es^isting grovmds ?

3. What, if any, protective measures are needed to prevent
depletion ofa fishery or to restore a fishery that has declined ?

4. Can a rational basis be found for forecasting the success or
failure of a fishing season so as to order the efforts of the
fishing industry to maximum advantage ?

The last two problems at present have little more than an academic
interest for us in India, as so far our sea fisheries have only been feebly
exploited and the potentialities of the deep sea are practically unknown,
wMe as yet little is known of the biology of our food fish. Studies on the
oil sardine, the most important commercial fish of the Malabar Coast,
tend to throw light on the causes of the great fluctuations in this valuable
fishery but as yet we are a long way from being able to forecast accurately
the probable annual fisheries in India as has been done successfully in
Europe and America during the last decade. We may therefore confine
our attention to the two first questions.

1. Can accurate estimates of the productivity of fisheries be made ?

The wide investigations made in recent years since the inauguration of
quantitive methods in Marine Biological Research by Henson, have
proved that the productivity of the sea and fresh water may be greater
than that of land per unit area. I<eading authorities have held the view
that seas which are relatively deficient in plankton, as Tropical waters
are declared to be, must be poor in fish. Biological and fishery investiga-

tion in Indian seas point to quite a different conclusion. Statistics are
available for the West Coast of the Madras Presidency since 1925.1 The
average quantity of fish landed by a fisherman works out at seven tons
in a poor year, taking the 1921 census as a betsis. For the same year
1925 the Japanese fisherman landed on an average three tons and the
Scottish Fishery Report for 1926 gives over twelve tons per fisherman.*
If the Malabar fisherman with his primitive methods, afraid to go out of
sight of his hut, can capture in a poor year more than 50% of the quantity
caught by Scottish fisherman, using the most powerful and up-to-date
methods and vessels, and able to choose the most profitable fisliing groimds,
it must be admitted that the Malabar Coast is at least as productive as
the best waters open to Scottish fishermen.

Experiments made with trawlers between 1900 and 1930 in Bombay,*
Ceylon,* Bengal ® and Madras ® point to the same conclusions. Though
the hours of work and the classification of fish caught were not the same
for the different trawlers, the results have been reduced more or less to a
tmiform basis. Catches in Indian waters vary from 19-04 cwts. to 68 cwts.

per day’s fishing. Corresponding figures for a day’s absence from port for

English trawlers in 1921 range from 14-62 cwts. to 49-31 cwts. Had
Indian trawlers been worked on commercial linos the catches would have
been larger. In calculating total catches by trawling, it must be
recognized that the more northerly bottom-feeding fish, cod, hake and
had£>ck, and the flat fish, plaice and hedibut, wluch support the great

commercial fisheries of Europe and America, are either totally absent or

represented by uneconomic species. In India trawl fish consist mostly
of sea-perches, jew fish, thread-fins, sea breams, oat fish, sharks, skates

and rays. The well-known table fish, such as the various species of seer,

mackerel, pomfret, herring and sardine, are mostly surface or midwater
fish, and are not usually captured by trawls. Until fishing with seine

and drift nets has been done in deep water the total productivity of

Indian seas cannot be correctly estimated. In-shore fislu^ emd trawling

however have proved the productivity to be equal to that of colder waters,

and it is safe to assume th&t surface and midwater fish in off-shore waters
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will also prove to be equally abundant. The Imperial Economic
Committee in their report on fish dated 1927 say, *It is probable that the

chief difference is that in the warmer seas there are m£iny more kinds of
fish and probably fewer individuals of any one kind*. The rapid meta-
bolism of Tropical species also probably contributes to increased pro-

ductivity. Most fish in the Tropics breed when they are a year old.

The eggs of the Indian shad hatch in 16 to 24 hours while the American
shad usually takes 6 to 10 days.® Growth in the sub-tropical Californian

sardine, Sardinops ca rulea is estimated at only 7*9 mm. a year,® while the
Indian Sardinella longicepa reaches 16 cm. in the first year.i® It has been
recently ascertained that the Indian shad (hilsa) grows to 22 cm. in 9

months.ii In German ponds carp grow at the average rate of 1 lb. per
year; in the warmer parts of the U.S.A. at 3 lbs., but a growth of 1 lb.

in 70 days is on record for Indian carp. The average annual yield of carp
ponds in Europe is 1 cwt. per acre. In South India it is 1,^00 lbs. pep
acre,12 and with hand feeding may reach 3,600 lbs. per acre.13 Bapid
reproduction and growth may easily account for increased output per
unit area, even though the number of fish of any species at a given time
may not be as large as in temperate and Arctic seas.

2. What possibilities are there of extending fisheries to new grounds
or of augmenting jiroduction of existing grounds? The major fishery

investigations conducted in India and Ceylon come directly under this

category. AU tlie trawling experiments in Indian waters were for the
purpose of establishing a deep sea trawling industry. The question of
extension, however, is complicated by the possible effects on the existing

inshore fisheries, and the disentanglement of the complex problems
involved falls directly within the province of ecology.

Our pearl fisheries, which, unhke all other pearl fisheries, occur only
in irregular cycles of years present economically important ecological

problems, as yet unsolved after nearly a hundred years of research in

Ceylon and India. In 1921 there was a sudden and unaccountably large

spat fall, though the pearl banks both on the Indian and Ceylon coasts

had no oysters worth mentioning in 1920. The nearest outside sources
are the Persian Gulf and the Mergui Archipelago, but no spat could travel

so far during their short life as pelagic organisms and if they did would
surely have left some trace of their passage along the East and West
coasts of India. The only reasonable conclusion is that they were bred
locally. Homoll suggested the prosonce of mother oysters in the coral
reefs skirting the coast,i® but after a careful search oysters on the reefs

were not found in appreciably larger numbers than on the banks them-
selves. All other explanations having failed the only other possible source
was considered to be mother beds in deeper waters, that is, beyond the
reach of naked divers in the Gulf. It is known that beds identical in
structure to the known pearl banks exist in 12, 16, 24 fathoms and more
on the Indian coast. A careful survey of the continental shelf on the
Indian side of the Gulf of Manaar was suggested to the Madras Government
but has not so far been carried out for various reasons. So far a bank of
young oysters located in 16 fathoms by a preliminary exploration by the
Fisheries Trawler ‘Lady Goschen’ is the only evidence in support of this

hypothesis. Great fluctuations and the occasional prolific years of repro-
duction are due to a fortuitous combination of favourable factors. The
presumption is that in such years the oyster spat invade inshore banks
and yield the pearl fisheries of Ceylon and India. When normal conditions
return the beds shrink back to their usual limits in deep water.

The second problem, that of augmentation of existing fisheries

embraces all the elaborate technique of the pisciculturist. So far the need
for the culture of the true marine fish has not been felt even in Europe
and America and the only evidence of depletion of stock through human
agency occurs in the wh^e, halibut and Pacific albaoore fisheries. It is

admitted that we cannot maintain any of the true marine fisheries by
artificial propagation.^® The great fluctuations in sea fisheries have been
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proved to be the result of years of highly successful reproduction due to a
fortuitous combination of favourable factors. The successful generation
may then dominate the fisheries for several years. Thus the herring bred
in 1904 dominated the commercial captures of herring in Norwegian waters
from 1907 to 1919.1’ Similarly in the Californian Sardine {Sardinopa
coeruUa) four dominant year classes wore noticed at intervals of two and
four years from 1919-20 to 1920-30.18 Researches on the Indian oil-

sardine point to a similar conclusion. The fish caught in the abundant
year 1933 were immature. In 1934-35 and 1935-36 only adult fish were
caught, the average size increasing slightly in the 1936-36 year’s catch.
The heavy catches of 1933-34 were duo presumably to the favourable
spawning of the 1933 summer and the poor catches in the subsequent
years to unfavourable spawning seasons.i®

Turning to piscicifiture in inland waters the exotic food and game
fishes introduced into Ii^dia are Brown and Rainbow Trout from England
and New Zealand for hill streams. Golden Carp emd Tench from Europe
and Gourami from the East Indies for the Plains. The Brown Trout has
done well on the Himalayas and in the Pimjab while the Rainbow Trout
has prospered in South India and Ceylon. All attempts to acclimatize
the Golden Carp and Tench to the waters of the Plains have failed, though
they still breed m Ootacamund Lake. When a suggestion was made by a
practical fisherman for stocking with Trout the hill waters of the Punjab
which were barren of fish of any value,20 it met with the most violent
disapproval from orthodox zoologists on what appear to be purely theo-
retical grounds.si That the introduction of exotic species should be
done with care is reasonable but the objection is valid only where it applies.

The introduction of trout on the Nilgiris, where the indigenous fish were
of no value at all has caused no regret but has yielded a valuable and
successful fishery for over thirty years. Since conditions are similar on the
foothills of the IBfimalayas the introduction of trout is the best practical

measure that can be recommended on ecological grounds. The South
India and Ceylon experiment affords a concrete instance of the success of
the scheme.

The higlily esteemed gourami, which is well adapted for cultural

treatment and has been bred in Java for centuries, is the cliief exotic
fish cultivated in all the fish farms of the Madras Fisheries Department.
It attains the large size of 24 lbs., feeds chiefly on water plants, is boneless,

and has on excellent flavour. Extensive experiments have been carried

out in Madras during the last 20 years, and as it is cultivated in small
ponds in Java it was a.ssumed that it was only suitable for stocking the
stationary waters of protected ponds. So it was never introduced into

rivers and lakes. But a few years ago an accident occurred to the gourami
pond in the Peradeniya Botanical Gardens in Ceylon when the pond
overflowed into the neighbouring river. For years the fish wore given up
for lost, but in 1935 it was discovered that the fish had established them-
selves in the river, which is the largest in Ceylon, and were the object of
an extensive commercial fishery.22 The knowledge thus gained opens
up great possibilities for the development of river and lake fisheries in

India.
Two other exotic fish have been introduced for anti-malarial measures.

They are the Barbados Millions

—

{Lebiatea reticulattM) and Gamhuaia
affinia.

The more valuable indigenous fish have also been made the subject

of experiment. For larvioidal measures we have AplochiVua and Panchox^
which have proved to be equal to any imported varieties, and being

indigenous are both cheaper and better adapted for use.23 A recent

attempt was made to assess their larvicidal value by examiniag their

gut contents to determine their natural food. As anopheline larvse were
found in only 10% of the fish examined it was concluded that these fish

are not partial to a diet of anopheles and are therefore of no value as

larvioides.sA But as Dr. Gravely points out,23 in small tanks and pools.
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whenever the fish disappear mosquito larvae are at once found, but as

long as the fish are there no larva is ever seen. Evidence from stomach
contents is not conclusive without more elaborate and critical tests on
accepted ecological lines, while practical field experiments have proved
the undoubted efficacy of these fish in combating mosquito nuisance.

Among the indigenous food fish that have been cultivated in India
are hilsa, several Indian carps {Barbm, CcUla and Labeo), an estuarine

perch’Etroplits suratenm^, and the white mullet or milk fish, Ghanoa chanoa,

Hilsa is a large and highly esteemed fish which ascends rivers for breeding,

and extensive and valuable hilsa fisheries exist in all the important rivers

of India. Since 1869 the Madras Government have been taking steps to
safeguard hilsa fisheries from extinction, and the only satisfactory course
was found to be a hilsa hatchery on the Coleroon river. Artificial breeding
of hilsa has been successfully carried out in Madras,^® but the problem of
rearing the fry until they are sufficiently large to be liberated into the

rivers still remains to be solved. An intensive ecological study of the hilsa

was also undertaken and the life history of the fish in its main outlines

has been traced, and their rate of growth in the rivers ascertained.^? How
long the fish remain at sea and whether they go to deep waters, when and
how often they return to the rivers for breeding, are problems that remain
to be investigated.

Catla, one of the largest Indian carp, is specially noted for its rapid
growth in all kinds of water (except brackish) from small wells a few feet

in diameter to large lakes and rivers hundreds of square miles in area.

It is not predaceous and the fry will reach a marketable size of 18-24
inches in seven to eight months, for which period alone most of the
irrigation tanks in the Madrfiis Presidency hold water. The natural dis-

tribution of the fish stops with the Kistna river and so far it has not
been possible to breed it in any of the fish farms. Therefore its general
distribution from the Kistna and Godavari to the South of the Presidency
is imusually difficult and expensive. It was found however that after

the construction of the Kumool-Cuddapah canal catla spread into the
Pennar river, about 150 miles south of the Kistna. This suggested the
possibility of establishing catla in the Cauvery but the proposal was
condemned by some zoologists.^s it was declared on theoretical grounds
that catla are tank fish and inliabit stationary water, breeding in inundated
paddy fields,^® but as evidence to the contrary from field studies and the
positive migration of the fish from the Kistna to the Pennar river systems
was conclusive, the scheme was persevered with until success was attained.

Eight years after the Mopad Reservoir was first stocked and nearly twelve
years after the first stocking of the Cauvery, evidence became available

of the success of the scheme. Catla of all sizes now appear in the catches
at Mopad and throughout the Cauvery river, thus proving the soundness of
the scheme.

EPropVua auratenaia is a valuable food fish of the sea and backwaters
which, though it normally breeds in salt and brackish waters, readily
acclimatizes and breeds in fresh water if nesting facilities are provided.^®
It is now extensively bred in the Madras fish farms and is used for
stocking tanks.

Chanoa chanoa is another backwater fish largely farmed in the East
Indies. Experiments have just begun in its culture in Madras.

Pearl farming is attempted in the Gulf of Manaar. One of the aims
of the Krusadai Biological station is the establishment of a pearl oyster
park with the twofold object of providing spat from the park when the
natural supply of oysters fails on the banks, which adjoin the park, and of
inducing ciitural pearls in the Indian oyster.* i Though attempts made
during the last eighty years in Ceylon and India only met with failure,**
the experiments in pearl oyster culture begun in 1933 on Krusetdai Island
have succeeded. Spat transferred from pearl banks in 1933 are still

alive and have grown at the same rate as on the natural banks. They have
also bred and the spat produced have grown to adult size without undue
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mortality.3 3 An important ecological phenomenon observed contrary
to all expectation was that oysters live best on mud banks if suspended
about five or six feet above the mud bottom, and tlirive in bays well

sheltered from wind and tides, though the water may be turbid and low
in salinity owing to land drainage.

The establishment of catla in the Cauvery, the accidental spread of
the gourami to the lower reaches of the Mahawali-Ganga in Ceylon, and
the culture of the Indian pearl oyster in shallow muddy bays in spite of
theoretical objections demonstrate that academic arguments should not
be allowed to outweigh the results of caref ul ecological studies in the field

and of practical experiments. As with all other ecological research, the
habits and responses of fish in their natural environment, must provide
the foundation for the kind of experiment to be performed and the equip-
ment to be employed in piscicultural experimentation. Initial facts

have to be discovered by a study of the fish in Nature. At the same time
if culture is to improve on Nature, new departures and a spirit of adventiire
must characterize experiments. Such a bold departure is no mere leap

in the dark. It is welllcnown that a fish may be trained to make mental
associations otherwise some of the complicated migratory movements of
fish especially those of the Pacific salmon, which return to their native
hill streams with unerring instinct will bo unintelligible. From a purely
ecological point of view also, tho ‘biotic potential’ wliich is the rate of
reproduction, capa(uty for survival, protective reactions and structures

found in an animal is but tho quantitive expression of the dynamic power
of the species, pitted against tho resistance of the environment. With
changes in the environment the expression or behaviour must also change.
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Ecology,

Ecology, after all, is only Natural History, organized, analyzed and
systematized. An ecologist is bom, and not made—^let us make the
most of those who have the gift. Prof. Awati made the sad statement
that ecology is not considered a suitable subject for an advanced thesis

because it bfi/on loads to no definite result. This seems to be grave indict-

ment of a situation which shotild not exist.

Regarding museums the ecological aspect of display of collections is

far more important for the public than the accumulation of large numbers
of specimens to illustrate taxonomy, which is a question for advanced
students rather than the general public. A very good beginning has been
made in the Indian Museum by Dr. Prashad.

11. Prof. P. A, Buxton, London.

Prof. P. A. Buxton (University of London) gave a short account of
the growth of knowledge about the ecology of mosquitoes. In his opinion
the results of many years’ work were rather disappointing. He attributed

this in part to the fact that the work has generally been done by men
working in isolation (the subject demanding a knowledge of water chemistry
and physics, algalogy, bacteriology and other matters, and being appro-
priate to team work), and in part to the fact that observations in the field

had not been sufficiently analysed by experiments made in the laboratory.

Profs. W. M. Tattersall, L. F. db Beaufort, and Lt.-Col.
R. B. Seymour Sewell, also took part in the discussion.

IX. THE PLACE OF SYSTEMATICS AND MOEPHO-
LOGY IN THE STUDY OF THE LIYING
ANIMAL.

{Section of Zoology.)

A diseiissioii of ‘Tbe place of Systematics aad Morphology in the
study of the living animal* of the section of Zoology was held under the-
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ohairmanship of the President, Prof. G. Matthai, in the Zoology section
on January 6, 1938 at 10-30 a.m. The President introduced the subject
and called upon Col. Sewell to open the discussion.

1. Col. R. B. Seymour Sewell, Cambridge, opened the
discussion.

The place of syatematics in the study of the living animal,

A study of the live animal can be carried out along several different

lines but in every case it is impossible to separate the study of the living
and the dead.

Whatever branch of study one may wish to undertake, the first

essential is the identification of the animal. The Systematist bases
his classification on Morphology, but he is fully aware that evolution* s

continually going on and that the species is liable to variation. The
study of Evolution necessitates the study of Genetics, Distribution and
Ecology. Each branch of study is intimately correlated with other
branches, and Systematica, which is based on Morphology, is the central

pivot around which all other branches are grouped.

2. Prop. K. N. Bahl, Lucknow.

The place of morphology in the study of the living animal.

Morphology is an ancient study which forms the basis of orthodox
taxonomy and has yielded remarkably valuable results in systematic
zoology. It is impossible to study the mechanism of the living animal
or its habits and relations to its environment without studying its structure

as well, just as it is impossible to understand the working of a motor car
without knowing about the petrol feed, the carburettor, the ignition and
the transmission gear. Emphasis merely on ‘ topics

* of behaviour,
organ-systems, economic applications, etc., tends to vagueness and lack

of logical unity. Structure and function go hand in hand and evolve
pari passu.

Modern views about the anatomical basis of * reflex action * illustrate

the method of an experimental science. Excretory organs and hepatopan-
creatic glands of eai’thworms exemplify how morphological studies open
up new fields for physiological and ecological work. Study of cytology
and its co-operation with physiology and genetics have led to remarkable
results in heredity.

3. Prof. H. K. Mookerjee, Calcutta.

T/ie place of embryology in the study of ths living animal.

Animals having similar characters are considered, on the basis of the
theory of evolution, to be closely related, and dissimilar structure means
distant afiinities. The older systematist’s task, therefore, was simple,
and in building up classification he merely depended upon similarity of
structure. With the advance of knowledge it became evident that
similarity of structure was not the true test or criterion, and the idea
of homology and analogy should be kept in mind when comparing animal
structures.

Organs which developmentally alike are homologous, and morpho-
logy, in the wider sense, thus includes science of development or
embryology. I shall now cite a few concrete examples from my own
investigations on the development of the vertebral column, on which
I have been working for a number of years, in order to show the value
of erabryological evidence on animal structure. These will be in the
nature of answering certain questions which naturally arise in connection
with the development of the vertebral column. The questions are these :
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1. Do all the centra in different claases develop from the skeleto-

genous layer surrounding the notochordal sheaths as a whole ? This
question arises since we &id variation of shape regarding different forms
of centra.

2. As we find variation of thickness and material of centra in the

different classes the question is, are the centra of different classes of verte-

brate homologous ?

3. How are the different types of vertebrae formed, as we find four

different types ?

4. Variation in thickness in different regions of a single arch or

variation in different species is observed, and the question is, are the neural

arches of different classes of vertebrata homologous ?

5. Why have the Teleostoan fishes alone got neural arches made
up of membrane bone, and why are they situated either at the anterior

or at the posterior extremity of each centrum, and why does thp rest of the

centrum remain without the neural arch ?

6. Is there any marked variation of the development of the centrum
within the existing genus, or a marked similarity between two species

belonging to different sub-classes ? If so, then one is inclined to entertain

a doubt as to the validity of the present classification.

4. VisHWA Nath, Lahore,

[In the absence of the author the paper was read by Dr. Misra of the
Benares Hindu University.]

The place of cytology in the study of the living animals

In cytology, or the study of the cell, lies the key to the solution of all

biological phenomena, for all organisms are made up of cells. Whatever
biological phenomenon we may wish to study—it may be structure,
function, development or heredity—^we are invariably driven to the study
of the cell, the unit mass of protoplasm, which forms the physical basis
of life.

It is impossible to exaggerate the importance of the study of the
living cell. Curiously enough, after the introduction of the compound
microscope in 1590, cells wore studied in the living state by tho earliest

observers. But imfortunately, with the development of cytological
technique towards the close of the nineteenth century, the centre of interest
was shifted from the study of the living cell to that of fixed and stained
material.

Fortunately interest in the study of the living cell has been recently
revived and valuable results have been obtained through micro-dissection
and tissue culture or through the simpler technique of directly studying
fresh cells isolated from the body of the organism.

Probably the greatest achievement of cytology is the demonstration
that the nucleus of the cell, or more particularly the chromosomes, consti-
tute the physical basis of hereditary transmission. Apart from the most
valuable data which have been collected through the study of fixed and
stained preparations, witness the recent works of Bdlar, who has studied
the whole process of mitosis in the living cell.

With the above most valuable resets in hand the geneticists an4 the
students of eugenics are busily pushing forward their experiments with
a view to establishing better breeds or races.

On the contrary, the Neo-Lamarohians are laying increasing stress
on the importance of environment or habit in the transformation of
species; but whatever the modus operandi of evolution may be, the
chromosomes will continue to be regarded as the vehicle of hereditary
transmission.

Beside chromosomes various protoplasmic structures, such as the
mitochondria and the Golgi apparatus, have been recently studied in
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the living cell, and our knowledge of tho structure of the living cell is much
fuller today than it was fifteen years ago.

The cytologist will reach the climax of success when he can create
life. The bio-chemist, it is true, has isolated from protoplasm various
kinds ofmost complex compounds. But protoplasm is not a mere mixture
ofthese compounds. It is an organized system, the activities of its various
constituents being fully co-ordinated. The protoplasmic compounds
are ^presented by particles which vary endlessly in chemical nature,
physical consistency, degree of magnitude and physiological activity,
and are constantly acting and reacting upon each other. Until wo under-
stand the true nature of these reactions life will continue to be an unsolved
puzzle, and the manufacture of protoplasm a cherished dream.

6. Db. a. B. MrsBA, Benares.

Dr. Misra stressed the importance of Cytogenetic studies and showed
that the variations can be expressed by the various assortments of genes
in the chromosomes by linking and crossing over of chromosomes.

6. Pbof. W. M. Tattersall, Cardiff.

Systematic Zoology is essentially concerned with the classification of
animals and it is the busim^ss of the systematists to evolve a natural and
true classification of the animals he studios. Hitherto such work has
been mainly morphological and for corbam animals at least, e.g. tho
deep sea faima, must of uec(‘saity remain so. Workers on the systematics
of terrestrial and shallow water forms, however, are n^alizing more and
more the necessity of studying the living animal if the morphological
facts which are the basis of their work aro to bo correctly interpreted and
given their true value in the clossificatory scheme. Stephenson in his

recent monograph on British anemones has even suggested a major classi-

fication of the group on characters which can only Ijo observed on living

animal, namely, the method of reproduction, and more or less definitely

states that it is impossible to identify correctly a preserved anemone.
As a worker on the systematics of Unistacea 1 would emphasize the

value of the study of the living animal whenever possible and particularly

in regard to tho following points :

—

(1) The morphological changes which accompany growth and more
especially growth which takes place after sexual maturity
has been reached. Many Crustacea become sexually mature
before full growth has boon attained and many species have
been described which have subsequently been found to be
merely growth stage of already described forms. The
phenomenon of liigh and low dimorphism is particularly

important in this oomiection

;

(2) the changes which accompany the growth of organs and struc-

ture which are regarded as fundamental for classificatory

purposes, e.g., the genitalia in many groups of Crustacea;

(3) the study of the functions of various organs and structmes as a
guide to the proper interpretation of their morphology, to an
accurate assessment of their real value in classification. I

would specially mention here the work which has been
done on the feeding meclianism of Crustacea, and on the

locomotion or Crustacea for a proper interpretation of the

internal musculature.

What is said above about crustacea will probably apply in large

moasure to other groups ofanimals. Hora*s work on the fauna ofmountain
torrents. Das* work on the respiratory adaptations of fishes, and Wood
Jones* observations on the function of the syndaotyl digits of marsupial

axe notable examples of the valuable results to be obtained from observa-
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tions on living animals in the true interpretation of morphological
characters.

Systematic zoologists are ultimately concerned with the mechanism
of evolution and one of their main problems is to elucidate the cause
or causes which have led to the formation of the genera, species and
varieties which they describe. Specially important is the study of bio-

logical races which can be regarded as species in the making. Such races

in many cases are morphologically inseparable, but differ in some biological

characters, such as the natiu^ of the food, times of reproduction and so on.

For a proper understanding and appreciation of these differences observa-

tion on living animal are ^ndamental and it is in such studies that the
ultimate solution of the mechanism of evolution must be sought.

7, Pnor. L. F. de Beaufort, Holland.

When we consider the liistory of morphology we see that after Darwin
moiphology was merely concerned with phylogeny of organs and therefore

the study of Jwmology stood on the foreground. We have, I think, fairly

got to the end in this way of investigation and now another way of looking
at morphology has arisen, where the function of the organ is put on the

foreground, which involves the study of the living animal. Analogies
are studied now and I wish to point out the recent work of Boker, who
started quite a new kind of comparative anatomy, which he calls Biological

Comparative Anatomy,
Dr. B. Prashad, Calcutta and others also took part in the discussion.

X. BLOOD GROUPINGS AND RACIAL CLASSIFICA-
TION.

(Section of Anthrof)ology.)

The proceedings of the Anthropology section of the Indian Science
Congress began on Tuesday, 4th January, 1938 with an address of welcome
by the President, Dr. B. S. Guha, to the foreign delegates and to those
who had come from other parts of India.

Before the routine work of the section began Mr. K. P. Chattopa-
dhayaya, Calcutta, moved the following resolution:

—

That this section records its deep sense of sorrow at the death of
Diwan Bahadur Dr. L. K. Ananthakrishna Iyer, M.D. (Breslau), who was
for some time the Head of the Department of Anthropolog3% Calcutta
University, and whose contributions to Anthropology had won for him a
recognized place among the leading Anthropologists of the world.

The resolution was passed unanimously all standing.
As already arranged the discussion on ‘Blood Groupings and Racial

Classification’ took place at 1-30 p.m.

Blood Groupings and Racial Classification,

The President, Dr. B. S. Guha asked Dr. E. W. E. Macfarlane to
open the discussion.

In opening the discussion Dr. Macfarlane referred to the researches of
the HirschfelcS who first drew attention to the high percentage of B in
Indians and to the descending values of B as one passes westwards from
India. Similar proportions in Gypsies, Colonial communities and their
relatives in the home country led many Anthropologists to think of blood
grouping as a reliable rest of relationship. The speaker also pointed out
that Group O was the oldest and original oncestr^ group. The group A
appears to be very old while B appears to be of recent origin. The dis-
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tribution of B has led Synder, Gates and others to conclude that the gene
is not derived from the joint ancestors of the anthropoids and hominidse
but has arisen in both as parallel mutations.

In India there are distinct coeval races in every district which have
been effectively isolated by the prevailing customs of caste endogamy.
There are also communities possessing a preponderance of each of the
three alleomorphic genes for blood groups. In south-west the low caste
peoples have a very high proportion of group O, and the TTill tribes are
righ in A. It has along been known that the greatest concentration of
group B is in India, but only within the last few years has an attempt
been made to get data from each caste and tribe from each locality
separately. Those data are urgently needed and must always be appraised
in relation to past migration, isolation, inbreeding and other physical
characters of the groups.

It is possible that serological data from India may throw light on the
origin of the B gene and also upon the mutation rate. The frequency ofB
is greater among all the Bengali depressed classes, among the Todas and
the ‘Dravidians’ of Chota Nagpur than in any other peoples. The Cochin
State is the only region in Intha where the frequency ofB is less than of A.
The frequency of B is lower among the mixed population in Assam, Burma
and Tibet than in the Ganges valley, and therefore ifB arose independently
among the Mongolian tribes it has spread west and south from China.
In south Bengal the frequency of A differs little in all communities and B
therefore seems to have originated as a mutation direct from O (or R).
Mutations to B should still bo going on in some stocks and we may find
communities with high percentages of group O and of B.

Lastly, the speaker stressed the fact that miscegenation is now be-
coming more common and it is important to get data as quickly as possible.

Further the agglutinogens arc supposed to have no selective values and
it is very difficult to explain how B spread east and west of India through
hybridization. Tho speaker, however, concluded with the remark that
blood grouping is an aid to anthropology; it cannot be alone used for solving
a relationship but must be taken into consideration with other racial

characters.

Fhhk. von Eickstedt of the University of Breslau pointed out how in
Germany they were mainly concerned with zoological types and opined
that blood grouping may determine physiological types and not the
zoological types of India.

PjiOF. RuGoiiES Gates said that the blood groups are definite units
whose method of inheritance is known. This gives then a great advantage
over all physical measurements as indices of racial relationships; for such
differences are not only quantitative and subject to fluctuations but the
manner of their inheritance and for example, the relation of the cephalic

or nasal indices to genic differences is at present largely a matter of
conjecture.

The use of the blood groups in connection with racial classification and
relationship is largely based upon the development of the theory of
mutation frequencies, as he has shown in Genetioa, Vol. 18, pp. 47-65,

1936. Like other mutations, they must occur repeatedly with certain

frequencies which are low but they undergo changes. The evidence
indicates that such changes in frequency are more likely to be sudden
and marked than gradual. The evidence also supports the view that O
was the original condition in mankind from which A and B have been
derived by dominant mutations of the order of frequency of perhaps 1

in 100,000. Since parallel mutations are so frequent in other oharaoters,

it is not surprising if A and B have developed as parallel mutations in

the Hominidse and the Anthropoidess.

The speaker stressed the fact that in comparing the blood ^ups of
different raoes the results need to be interpreted in terms of (1) isolation,

(2) migration, (3) racial crossing. He also suggested that future blood
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groups tests should be combined with anthropometric and other measure<*

ments in the same individual, since they will help in elucidating the history
and relationships of races.

Frof. Gates illustrated his lecture with lantern slides citing examples
fmm India, Tibet, North Africa, Arabia and North America.

Prof. H. J. Fleure pointed out that it seemed desirable to him that
the blood characters of the individuals should be recorded along with other
physical characters of the same individual and he hoped that it was in

that, the correlations which were not yet sufficiently demonstrated could
be found out.

Prof. Crew mentioned that it was not impossible that blood groups
genes might ultimately be used as genetic markers warning us of their

association with lethal genes affecting, for example, the secondary sexual
ratio and infantile mortality.

Mr. a. Ananthanarayan Ayer said that the value of blood grouping
for giving some evidence about parentage in medico-legal work and
between two races living close together was unquestioned, but to use
figures of blood grouping to interlink zoological races in different parts of
the world seemed irrational. According to him it could only be of very
secondary importance to other fundamental anthropological data.

In summarizing from the chair Dr. B. S. Guha remarked that blood
grouping must not be taken to supplant our views about racial relation-

ships derived from anatomical characters but they should bo considered
as furnishing valuable data of a supplementary character, specially of the
physiological behaviour of different communities but exactly how they
are related to other anatomical characters, we are not quite in a position

to judge at present.

XI. A PROGRAMJME OF ARCHAEOLOGICAL EXCAVA-
TIONS FOR INDIA.

(
Sectio7i of Anzhropology .

)

Discussion on ‘A programme of Archaeological excavation for India*

took place on Fridaj', the 7th January, 1938 at 2 p.m. with Dr. B. S. Guha
in the chair.

In opening the discussion Reio Bahadur K. N. Dikshit said how
Archaeology in earlier days, i.e., about 75 years ago was mainly confined
to excavations here and there without any defini^ purpose and that it

was reserved for Sir John Marshall to give it a systematic turn with a
definite purpose. Referring to the epoch-making discovery of
which opened a new chapter in the history of India Rao Baha«»-'\ 7^7
how for want of sufficient funds from the Government for the last six

years, nothing could be done except the preservation of the things already
excavated. Citing a long list of the pre-historic sites still awaiting
the spade on the archaeologists, he urged the systematic excavations of the
two sites of Harappa and Mohenjodaro, as they were fikely to supply many
of the missing links in the cultural sequences of India. As regards the
other pre-historic remains the speaker mentioned the Asirra sites of Chota
Nagpur, which are full of copper ores; the megalithic site in Bmdwan,
Bengal; the numerous (about 200 in number) sites in Peshawar, the birth
place of the Grammarian Panini; the paleolithic sites in Central Provinces
and other sites in Bombay Presidency, Maharatta country and Madras.
Rao Bahadur concluded by saying that many things were being ruined
surmptitioTisly and it was high time that systematic excavations should
begin at once. He thanked the Govemipent that at present it had placed
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a comparatively bigger sum for archaeological investigations and that he
hoped that work would begin very soon.

Mr. N. G. Majumdar who followed, impressed on tho necessity of a
complete survey of Sind and the contiguous state of Las Bela in
Baluchistan.

Rat Bahadur R. P. Chanda pointed out that ancient river beds, such

^ Saraswati, Sravasti and the river beds of Arabia might reveal many
important discoveries.

Mr. K. P. Chattopadhyaya said that the Archicological Department
should pay mure stress on Pre*historic Archflpology and not allow outsiders
to exploit the valuable treasures in India and urged that Government
should take in Indian scholars trained both in Anthropological and
Archajological works.

Dr. M. H. Krishna also referred to the sites in Mysore and pointed
out tho similarity of Mysore discoveries with those of Maski in Hyderabad.

Prof. Peakk pomted out that it was time that we should depend on
the spades for truth rather than build theories on tradition and linguistic

studios. According to him Indus civilization connects Indian prehistory
with neighbouring regions and he mged on the utility of trial excavations
in numerous sites with tho resources at hand. Ho also pointed out tho
necessity of arousing the interest of the rich people and said that trained
experts from Europe could be sent to conduct the works of excavations
if neoessarJ^

Prof. Fleitrk thought that excavations of the megalithic sites was
very important specially m India where there were still people connected
with megalithic culture^. Ho was of the opinion that this might throw
light on the pre-Aryan civilizations of India.

Prof. Thomas was of opinion that India with her numerous pre-

historic remains should be tho centre of an Archaeological Institution to
which students should flock for trainmg on the spot.

In concluding the discussion the President pointed out how originally

Archaeology in India was concerned only as a department of history and
confined itself mainly to the presentation of ancient monuments and the
decipherment of Sanskritic and other written inscriptions. Prehistoric

ArchsBology in the sense in which, it is understood in Western countries

was not studied in India. With tho discovery of Mohenjodaro its

importance has recently been somewhat realized, but this realization is still

very partial. For the proper study of Archaeology and a scientific recon-

struction of the unrecorded histoiy' of India it is essential that the
ArchatJological Survey should be reconstituted into a department of
Explorations and a department of tho preservation of ancient monuments.
In the former only people with Western t/raining wdth experience of
excavations in Europe and the Near East should be recruited to excavate
and study the innumerable prehistoric sites in this country. With the

materials thus recovered it would be possible to build up a correct account

of the past history of this country.

XII. THE IMPORTANCE OF ANTHROPOLOGICAL IN-

VESTIGATIONS FOR INDIA.

(Section of Anthropology.)

Discussion on the importance of ‘ Anthropological investigations for

India’ took place on Wednesday, 5th January, 1938 at 2 p.m. under the

Presidency of Dr. B. S. Guha.
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In opening the discussion on *The importance of Anthropological
investigations for India' Kai Bahadur S. C. Roy of Ranchi pointed out
that anthropological investigations should no longer be considered as a
pleasant diversion. It is time that proper attention be paid to this

direction especially in India when her administrative systems is undergoing
a change calling for a definite well-considered scheme for the promotion of
economic, educational and social interests of her aboriginal population.

The different universities of India do not seem to be very alive to the
importance of the study of anthropology. It is only in the Calcutta

University that Anthropology has been accepted as a subject for post-

graduate studios and the universities of Mysore, Lucknow and Bombay
have introduced it partially in the post-graduate studies in recent years.

XJptiU the present, neither the Central nor the Provincial Governments
appear to have paid any particular attention to this matter or at any rate

to have formulated any definite policy regarding it. Jn Europe,
Anthropology is a compulsory subject for the Civil Service Examinations
specially for those who are competing for Colonial service. But in the

Indian Civil Service Examination although it was originally an optional

subject, it is now omitted from the Kst of subjects for the examination
hold in India. Rai Bahadur Roy stressed the fact that many primitive

tribes were dying out and a proper and thorough enquiry into their

customs, institutions and mentality was urgently required. Administra-
tive, moral and humanitarian points of view demand that Government
should grant adequate funds for the study of the backward and excluded
and partially excluded areas. Fortunately the Government of Bombay
has in the year 1931 made a gesture in this direction. An attempt is

being made there to ameliorate the position of the backward and depressed
classes by appointing special officers and spending on an average R8.36,000
a year-

Rai Bahadur Roy showed from two specific instances from Chota
Nagpur how the want of a proper knowledge of the institutions of the
primitive people in several cases led to misunderstanding in the minds of
the Govermnent officials and how a serious riot was avoided by handling
the people with tact and wisdom bom of a knowledge of their mentality,
customs and beliefs. He concluded by showing the importance of
Anthropological study in national life; how a proper understanding of the
different peoples, primitive and advanced, might supply a bond of unity
between the different commimities and ultimately in the realization of a
common nationhood.

Mb. K. P. Chattovadhyay who spoke next pointed out what an
extensive area in India still remained unstudied. He referred among
others to the work specially of Rai Bahadur Roy in Chota Nagpur area
and of Dr. Hutton in Assam. Ho thought that a proper understanding
of the material culture and economic condition would help the formulation
of a proper scheme of nation^ education. He also pressed the need of
an extension of the study of Anthropology,

Babon von Eickstedt said that so far as biological anthropology is

concerned very little has been done so far in India but in social anthro-
pology a somewhat greater progress has been made.

Mb. a. N. Chattbbji thought that the anthropology of the higher
c^tes was as important as that of the primitive tribes. A proper study in
his opinion would help us in solving many of the maladjustments of the
middle class.

Prop. Fleure pointed out the large amount of anthropological work
particularly on the Castes and Tribes done in India. In England there
has, in recent years been an attempt to understand Indian condition and
after his return Dr. Hutton was given a Professorship in the University of
Cambridge in recognition of his work in India. What was needed now
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was to approach the Govermnent of India and to lay stress on the
importance of anthropological studies for administrative purposes and
get it re-introduced as a subject in the Indian Civil Service. He promised
to do his best both in England and India on this matter.

Prof. Peake also pressed the necessity of the study of the middle
and upper classes along with the study of the primitive and lower classes.

In summing up the President said that the necessity of anthropological
investigations from both the social and physical points of view was very
great in coxmtry like India inhabited by so many races of diverse cultures
and languages. It is only through the study of anthropology and not
by any amotmt of pious wishes could these divergent and hetrogenous
elements be welded into a nation with common national outlook and
ideals.

Resolutions :

In the meeting of the Anthropological Section, 25th Indian Science
Congress on the 8th January, 1938 the following resolutions were passed:

—

Prof. H. J. Fleure, F.R.S., of the University of Manchester, moved
that: --

‘This conference is of opinion that in view of the urgent necessity
of an intensive study of biological traits and social institutions of primitive
as well as of advanced peoples and cultures in India, it is essential that
the Universities and Provincial administrations should make adequate
provisions for the teaching of and research in Anthropology. *

‘That in order to promote such work, the Central Government be
requested to give an independent status to Anthropology as a department
of research.’

Prof. Baron von Eickstedt of the University of Breslau seconded the
resolution.

The resolution was carried unanimously and it was decided to request
Dr. B. S. Guha to draft a reasoned statement in support of the resolution

which could be forwarded by the Executive Committee to the various
authorities concerned.

Prof. F. W. Thomas of the University of Breslau moved the next
resolution :

—

‘That for proper research in Archaeology it is necessary to have a
Central Institute of Archaeology and Anthropology in India on the line of
such institutions of Europe and America as problems of prehistoric archaeo-

logy and Anthropology are largelj?” interdependent and common and
should be studied together.

’

Mr. N. G. Majumdar seconded the resolution and was passed
unanimously.

XIII. IMMUNITY IN PROTOZOAL INFECTIONS.

(Section of Medical Besearch,)

The discussion was opened by Dr. Kzishnan.

Capt. S. Datta referred to the existing protozoal diseases of domestio
stock of India and surveyed the present position. He emphasized the
general observation that Indian livestock can withstand protozoon infec-

tions better than European or other stock imported into this country.
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Due to this relative immunity of Indian cattle, they have found favour in

different British colonies and Dominions. The resuscitation of protozoon
parasites like Coccidia, Tiypanosoma, and blood parasites like Babesia,
Kutallia, etc. following upon diseases of virus and other origin is con-
stantly seen all over India and must be an important aspect of the study
of host-parasite relationship. With the recently organized Section of
Protozoology at Mukteswar Institute, the study of the larger issues of
Protozoal Immunity has been commenced.

Dr. Vishwanatu said that the connotation of the term immunity
differs according to whether you are talking of virus, bacterial or protozoal
infections. Against the viruses an immunity of long duration is usually

developed and passive immunization is also effective. Complement
fixation can also be demonstrated easily. The immunity against bacterial

diseases in general carries a shorter duration, passive immunization is of
not the same strength as in virus infections and is capable of being assessed

by search for antibodies in a greater variety of ways. Immunity against

Protozoal diseases is not only incapable of passive transference and rather
difiicult of assessment through search for anti-bodies but by virtual

absence of active immunity arising through infection. This absence of
acquired active immunity may be due to the Protozoa as members of the
animal kingdom not representing as strong a foreign protein as bacterial

flora or viruses do. Apart from control of insect vectors we must look for

prophylaxis and treatment to immunological products for both active

and passive immunization. We must also look to chemotherapy for the
control and cure of protozoal infections.

Dr, Ghosh said that there was hardly any quantitative leucocytic

response in most of the protozoal infections and this is a significant

difference between Bacterial and Protozoal infection. It has been foimd
that by artificially inducing leucocytons by ‘Gool* (a primitive indigenous
method of inducing leucocjdiosis) undoubtedly the treatment by chemo-
therapy, particularly in cases of Kala azar, can be greatly modified.

Another aspect of protozoal infection is that in cases of amoebic
infection at least, there is certain amoimt of loss of power of producing
anti-bodies against bacterial infection in the host. This was observed in
several cases of clu'onic Staphylococal Eczema which could not be cured
either by vaccine or by chemotherapy. Amoeba having been detected
in the stools, a course of emetine with vaccine cured all those cases of
Eczema.

Dr. Seal said that he would like to know whether the so-called

protozoal immunity is a resistance to super-infection or a real immunity
and whether this resistance or immunity is more manifest in malaria or
in Kala azar. It is foimd that after repeated attacks of Malaria up till

the age of 12 properly treated or not, a certain amomit of immunity is

acquired but still the person may remain susceptible to it whereas a person
once cured of Kala azar rarely gets a second attack except in a very limited
percentage of ca^s; oases, completely or incompletely treated, remain
highly refractory and suffer from a condition called Dermal leishmonoid
or Dermal leishmaniasis first noted by Sir U. N, Brahmachari.

Dr. Poulton stated that after the treatment of G.P.I. by Malaria,
it was in England quite easy to stop the infection with a single dose of
quinine. In India, he was informed that it is difficult to stop attacks.
The Englishman in India is even more susceptible than the Indian, la
it a question of climate ? It would be worth comparing hill stations with
the plains, etc.

Dr. Gahgttli said that he had found response to treatment by quinine
and atebrine varied in different persons, a few reacting very quickly and
others taking a much longer time, but it had been found that when once
the blood had been sterilized with atebrine as confirmed by Bass culture.
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the patient did not uaually get a relapse. The experiments of Short and
others show that even if the blood is stonlized by acridine or atebrine,
relapses would immediately occur in a week or two. The effect of the
drug has also been found to vary according to the constitution of the person,
climate and altitude.

Regarding immunity response in Leishmaniasis, Brahmachari was
the first to discover that the Euglobiilin factor which is closely associated
with immunity, was much increased in the blood of persons suffering from
Kala azar. This discovery was not carried far regarding its value for
immunity but was utilized as a test for the diagnosis of Kala azar, the
chemotherapeutic measures with i)entavalent antimony compounds being
foimd to be more efficacious in reducing the incidence of the disease.

In amoebiasis too, it is found that although the symptoms could bo
quickly controlled by a few injections of emetine and some arsenical
compounds, the ultimate eradication of the disease rests on the immunity
of the person.

Db. Das Gupta said that as a result of investigations carried out
with regard to the development of immimity in plasmodial infections, the
conclusions arrived at by the speaker were as follows :—

>

Tolerance to reinfection with the same strain of V. Kiiowlosi in rhesus
monkeys may be developed by repeated inoculations of the parasite
combined with inadequate treatment. It (tolerance) depends uj>on the
existence of scanty parasites in the body of the monkey ; when the infec-

tion is entirely gt»t rid of the animal becomes quite as susceptible as an
imtreated subject.

From analogy it is not unreasonable to suppose that in the case of
human plasmodial infections acquirement of protection against further
infection is associated with the presence of the parasite in the body of tho
individual. And when the infection dies out tolerance to reinfection also

disappears, thus showing the temiiorary protection acquired is far from
being true immmiity.

Dr. Chattebjee raised the question of the relation between protozoal
infection and its antagonism to various other infections. There is tho
wellknown immunity of Malaria and certain forms of nerve-syphilis.

Whether a similar relation exists botwoon Malaria and Plague which is

conspicuous by its absence in l^engal and which is prevalent in other
parts of India in cold and dry months of the year when the mosquitoes get
the least chance to grow.

The speaker also referred to a very neglected subject, that is, the
role of red cells in the production of immunity especially in Malaria.

He also raised the question of the source ofglobulins that are increased
in Kala azar and other conditions.

Db. Dutta observed that

:

1. A point has been raised that malaria con be easily treated in

England and not in India. In veterinary practice a similar condition is

found at tjie Imperial Veterinary Research Institute, i.e. Babesiasis in

cattle can easily be treated in the plains by means of Trypan blue whereas
at Mukteswar the same infection does not respond to Trypan blue and
other Chemotherapeutic agents have to be resorted to. Tliis drug-
fastness may probably be one of the factors in the case of Malaria in

India.

2. In Veterinary Practice Protozoa do not appear to give rise to the
production of anti-bodies in the animal system to an extent which would
enable the use of serum for prophyleu^tic purposes with so great a success

as one finds in bacterial and virus diseases, though enough anti-bodies

do develop which can be easily detected by means of serological tests.

The latter fact is meule use of in the diagnosis of various protozoon diseases

espeoiaUy Dourine in equines. Expei^ents have been carried out at
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Mukteswar to prepare an anti-serum against Bovine Theileiicasis but the
results were not very encouraging as to put this product on the list of
saleable biological products at Mukteswar.

3. In equine trypanosomiasis the use of Bayer 205 alone or in com-
bination with Tartar Emetic overcomes the infection on account of the
chemical action of the drug on the parasite but again the dead parasites

act as antigen and produce active immunity.
4. Acidophilus cultures (long life bacillus) are made use of in avian

coccidiosis. It lowers the pH of the intestinal tract and the increased
acidity keeps the coccidia under check.

5. In Babesiasis in cattle there is age resistance (resistant in young
age) and in infected places the young cattle get the infection and overcome
it and remain resistant for the rest of their lives. In this case there is a
‘ Carrier immunity *.

XIV. NUTEITIONAL DISEASES IN INDIA.

(Section of Medical Research^ in co-operation with the Society of
Biological Chemists, India,)

PitOF. H. Ellis C. Wilson, Calcutta, opened the discussion.

Dr. Probadh Ch. Das said that there are some manifestations during
pregnancy such as stomatitis, gingivitis, ptyalism, pruritus, herpes zoster
and cramps in logs, which were formerly classified as due to toxcemia of
pregnancy have now been definitely proved to be due to deficiency of
certain food products which are necessary for the maintenance of good
health. He would like to ask Dr. Wilson if he has any experience about
these diseases in India.

Dr. Hardikar asked wherefrom the vegetarians get their different

food factors, the deficiency of which gives rise to deficiency diseases and
which it is suggested to make up by adding animal foods to the dietary.

Dr. Chattbrji said that height varies according to castes. Brahmins
in general show a greater height than others and Moslems a shorter height.

Sea board districts of Bengal show a shorter height and the northern
districts a medium height. The districts with laterite soil show a shorter
height. The average height is greater in Eastern Bengal than in Western
Bengal.

Dr. Seal said that the point which he liked to stress is that apart
from the clearly defined deficiency diseases there are, in India, many
maladies which though not regarded as of malnutritional origin, should
be considered to be due to a suboptional condition of nutrition. This
subclinical state of deficiency is the primary cause of general iU-health and
lowering of resistance of the various races and nationalities represented
in India and is indirectly responsible for the most severe ravages of the
country by variety of diseases such as malaria, kala azar, tu^rculoais*
leprosy, cholera, gastro-intestinal disorders, anssmias, diabetes, dysen-
teries, etc. The possible relationship of tuberculosis, leprosy, epidemio
dropsy, respiratory diseases, and gastro-intestinal disorders, e.g. diarrhosa,
dysentery, cholera, peptic ulcers, to dietetic deficiency may be very well
represented. It may also be suggested that the incidence of other general
diseases such as Malaria, Kala azar, etc. is to a certain extent dependent
upon the nutritive factor as well. The solution of the problem of preven-
tion of diseases in India is therefore one of improvement of conditions of
living as of food supply of the people by improvement in the methods of
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agriculture, animal husbandry and industry and lastly by restraint on
reproduction.

Db. Chabubbata Roy said that a typo of cases are seen which seem
to be due to deficiency of vitamines. These cases come with jaundice,
night blindness and marked pathological condition of cornea and the vision
is much impaired.

On examination, the blood picture is that of anaemia with about 3
million R.B.C. and 46 to 60% of Haemoglobin (6*3 to 7 gms. of Hb) Van
den Bergh*s reaction is positive both direct and indirect but the bilirubin
content is not very high—3 or 4 units only. The R.B.C. in this case
instead of showing more fragility than normal as one would expect in
cases of jaundice were less fragile than normal (Ha3molysis taking place
with 0*16% Nad).

Administration of Cod Liver Oil did remarkable good to these cases.

In course of 15 days, the whole picture changed and they got cured, in a
very short time.

Db. J. N. Maitra observed that a villager after suffering from night
blindness for o\ er 2 months (after a cure of Kala azar and Malaria) was
put on an improved diet of milk and fish for 10 days and he left Calcutta
cured.

XV. THE PRACTICAL POSSIBILITY OP BREEDING
IMMUNE STRAINS OP DOMESTICATED LIVE-
STOCK.

(Section of Veterinary Research.)

[No report of the diseussioirs has been received.]

XVI. PHYSIOLOGY OP THE INDIVIDUAL IN HEALTH
AND DISEASE.

(Section of Physiology.)

In the absence of the President Col. R. N. Chopra, Prof. Winifred
Cullis of London, took the chair.

1. Db. B. Mukebji (All-India Institute of Hygiene) opened the
discussion.

The term Health has never been defined adequately as it is such a
variable quantity. It is not merely a negation of Ulneaa as is generally
believed, but also means something 'positive. The fxiU use and control of
the mental and physical functions, a vigorous constitution and bodily
well-being are the characteristics of a healthy man and these would require

the correct and normal functioning of the different parts of which the
individual is composed.

Men, in a great many vital functions are actively and quickly
responsive to the influences of physical environment. Body growth,
speed of development, vigour and ene:^ level, resistance to infection, and
many other of his fimctions are dominated by the stimulating character
of the climatic environment.

Climate consists of a large number of components, like temperature,
wind, sunshine, seasons, moisture, storms, etc., of which medical science
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still knows very little, although it is probably one of the most important
factors in the life of man. Climate has a direct effect upon health and
an indirect effect through food, incidence of disease and mode of life,

Himtington in his book on ‘ Civilization and climate * endeavours to show
that all the progressive races, which are distinguished by high energy
level, civilization, and achievement in practical, scientific and intellectual

spheres, live in particular types of climates which are characterized by
their variability and their comparatively low mean temperatures. He
contends that the old civilizations actually existed in such climates and
that the decay of these civilizations was due to a gradual change of the
climate to an equable or sub'tropical nature. In olden times the optimum
climate was almost certainly further south than it is at the present time,

and the view that Arabia, Syria and Mesopotamia once possessed a climate

differing considerably from that of today is rapidly becoming accepted.

Although the mean temperature in those countries may have altered little,

there is hardly any doubt that they had abundant rain two thousand
years ago, as, though now desert, they were then richly fertile and able to

support many millions of people. According to him, civilization and
progress unquestionably inhuence health, and health has an effect on
energy, but neither of them can conquer climate and it seems certain that
climate, therefore, must influence civilization, health, energy, etc.

Huntington’s claims are not entirely fanciful and theoretical.

Evidences of a biological nature are now accumulating, in increasing pro-
portions, wliich point unmistakeably to the deductions made by
Huntington on geographical and other grounds. Arnongst the most
fundamental of the indices of individual or mass welfare are those of
growth and development. Incidental disease usually acts to depress those

indices, but probably of greater importance is the increased susceptibility

to disease that come with suppression of growth through such factors as

defleient diet, lack of sunlight or debilitating climate. It hod been
recorded from extensive statistical studies that the growth in both height

and weight of children is rapid in northern U.S.A. and North Central
Europe, and drops sharply in the case of children in Italy, still more so
in the Philippines and in Japan. Those differences would at once raise

the question for many people as to the racial differences in body*build»
but they also raise the question whether such racial differences may not
be basically those of diet or climate acting through the centuries. It is

a well-known fact that Japanese, Philippinos, or Italians brought up in

the climate of the northern United States showed a stature and body
weight distinctly superior to those of tho people remaining in their home-
land. This improvement has been attributed by one group of workers
to better economic status, and more ample diet. But ap^jarently this

explanation cannot be considered completely adequate. Studies on the
growth of laboratory animals imder well controlled conditions have shown
clearly the climatic dominance over growth even when the diet was entirely

adequate and held constant for all experimental groups. At least a pre-
sumptive basis was thus afforded for the belief that the slower body
development in Indian children might also be due to the depressing moist
heat of this country, and not primarily to a dietary deficiency.

Then again, there are definite evidence of physical deterioration in the
tropical climate. From extensive statistical analysis of life expectancy,
it has been shown that the majority of the tropical inhabitants reach old
age when Europeans have barely attained middle age. In England,
presbyopia due to progressive weakening of internal eye muscles becomes
manifest at the age of forty-five and even later, whereas among the tropical
races it comes on at about the age of thirty-five and even earlier. The
same is true of senile cataract (a degenerative change in the lens of the
eye causing opacity), which occurs more frequently and develops earlier
in tho^ people who inhabit hot countries. In the United States, factory
statistics prove that in the south the power of sustained energy is lower
than in the superior climate of the north ; and eflso that the power ofmental
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.and physical energy of those immigrants, and their descendants, who have
come from an inferior climate, although improved, remains lower than
that of peoples who have immigrated from a superior climate.

These evidences, taken together with the observations made by the
learned president in his ‘Presidential Address*, leave little room for
doubt that climate exerts a definite effect on the physical and physiological
mechanisms of the body. The tropical individual is exposed to climatic
changes which are different from those affecting the inhabitants of the
temperate climes and hence the physiology of these two groups of in-

dividuals may be different. This viewpoint is important in the treatment
of disease. Unless the normals are known for tropical people, the inter-

pretation of many biophysical and biochemical alterations in the body
fluids in different diseases will be subject to serious fallacy.

2. Dll. B. B. Dxksjiit (Haffkino Institute) said that there is reason
to believe that there is a certain amount of change in the physiology of the
individual in disease. This is illustrated by the fact that the physiological
action of some drugs like the antipyretics is different in health and disease.

His own observations on the choline esterase content of blood in toxfemia
have shown that in toxaomia such as induced by plague infection (B. pestie),

there is a marked reduction in choline estoraso values of animals. The.se

values come back to normal after natural or artificial recovery. As
choline esterase is concerned in regulating the action of acetyl choline

and as acetyl clioline is .so very important in regulating the physiological

activities of the body, the reduction in choline esterase values of blood in

disease is significant.

3. Mr. N. K. Iyengar (Institute of Hygiene) suggested that a study
of the in vitro action of choline esterase on suspensions of B. past t

a

or in

similar typos of toxcemia should be done with a view to ascf^rtain how this

process of detoxification takes place through choline esterase. Tiiis will

throw light on Dr. Dikshit’s observations on the diminution of cholene
esterase content of blood in toxmmic processes.

4. Prof. W. Straub (Munich) remarked that the range of physio-
logical activity is within wide limits and the body can gradually adjust
itself to changed conditions which in ordinary circumstances would prove
fatal. Those who aro accuatoinod to taking beetle nut in India, habitually

take an amount of arecoline which will prove highly injurious or even
fatal to those who are not at all accustomed to it. Ho further remarked
that climate must have an important part to play in both physiological

and pathological conditions. The Englishman, for example, always
take tea os their beverage and the Arabs, Coffee. This has been usually

explained on the easy availabdity of each beverage in the respective places.

While working on the pharmacology of these drugs particularly with
reference to their metabolism and excretion, ho found that coffee is easily

broken down in the system and is rapidly excreted, whereas tea stays for

a longer period in the system and takes a longer time to Ije excreted. The
habit of the Englishman in sticking to toa instead of adojitmg coffee, is

probably duo to this knowledge instinctively gained. The cold chmato
in England possibly demands a longer stimulation which naturally is not

needed in Arabia.

5. Dr. Mir Mansur Ali (Institute of Hygiene) remarked that it

will be of great advantage if this aspect of physiology was given more
attention to.

6. Db. B. B, Sabkab (Calcutta University) pointed out that man is

dependent for his very existence on his power of adaptation to the environ-

mental changes, not only external to his body but also internal, i.e., the

environment of his body cells. His two sets of regulators—^the nervous

system with the receptors and the endocrine system help him to adjust

himself to new conditions. In disease the body tries to adjust itself to the

4
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changod conditions, to which the system of the individual has been

exj)osod, so as to carry on the physiological process. Pathology can thus

1)0 described as abnormal physiology or the physiology of disease.

7. Dr. E. P. Poulton (London) reminded the audiencx) that the

physiological standards vary in different conditions. The average weight

for height standard which is taken as normal in the case of persons above
fifty, even by the Insurance Companies is not correct. It has been found
by statistical analysis that persons whose weight for height values at this

ago arc below this average figure, live longer than person whose values

confirm to this average or is higher.

8 Dr. K. Venkatacifalam (Madras) remarked that the definition

of a physiological constant is diflicult to give, as the human system is

constantly adjusting itself to env^ironmental changes. He gave evidences

of various diseases where a distinct predilection to climate was noticed.

Angina pectoris, hypertension, diabetes, nephritis, leprosy, etc. have been
definitely shown to bo predicated by climatic changes. Certain diseases

occur more frequently in a cold climate and during the winter while other

diseases are definitely more prominent during the summer and hot climates.

XVII. DIET AND ADAPTATION TO CLIMATE.

{Seclion of Physiology
y
in co-operation with the Society of

Biological Chemists
y
India,)

1 . Prof. H. Ellis C. Wilson, Calcutta, opened the discussion.

The que.stion of diet and adaptation might bo looked at in two ways.
Did a man adapt his diet to the environment, or m how far was food in

any particular region of the world suited to man’s needs ?

Buckle m his ‘History of Civilization’ written nearly lOO years ago
pointed out that Nature provided fat which had a high energy value in

the Polar regions and starchy foods at the Equator. 'J’his viewpoint
apfioars now to be borne out by recent experimental data. Poods rich in

starchy material tended to keep tho body more saturated with a reser\’e

of mobile fluid which was evaporated from the skin and helped to keej)

the body cool in a tropical climate. The two cereals, rice and wheat or
atta, offered a somewhat similar picture. W’heat was consumed in the
temperate and sub-tropical regions and rice in the tropics. Investigations
111 the human subject had shown that rice, in contrast to ‘atta’ (wheat
flour), provided the body with a greater reserve of mobile fluid both for

evaporation from the skin and excretion by the kidney. Further, rice

contained somewhat lo.ss minerals than ‘atta’. Those two properties
probably rendered those who consumed rice less liable to deposit stone in
the bladder than those who ate wheat. It was well known that this condi-
tion was commoner in the Punjab w’here ‘atta* was the staple cereal,

than in Bengal.
These few observations would tend to rescue rice and its unpleasant

associations with beriberi and possibly epidemic dropsy from the harijan
(untouchable) position it tended to hold in cereal society.

2. Dr. B. C. Guha (University College of Science) remarked that in
deteaming the quantity of protein that should be consumed in the
tropics, the specific dynamic action of protein should be considered. In a
tropical country it would seem, from a priori consideration, that the
cjiiontity of protein required for optimum nutrition may be less than that
required in temperate climates. It should be emphasized, however, that
the consumption of protein of higher biological value should be encouraged.^
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As regards iron, it has been found that the daily intake of ioniaable iron
Ijer head by the students residing in the college hostels in Calcutta
varies between 4 mg. to 7 mg. which sooins to bo slightly lower than
the optimum quantity which has been recommended. As regards vitamin
C, considering the lower basal metabolism in India, it is ]irobnblo that a
smaller quantity of vitamin C, may be necessary in India than in coldtu-
climates. It is difticult to give any authoritative opnuoii on those findings
at present. When nutritional standards for India are determined many
such problems will be clarified.

3. Pkof. N. M. Basit (Presidency College) remarked that the (|uantity
of protein that is taken in some parts of India Ls indood low, for Bohareos
and jieoplo of U.P. are mostly vagetarians. But the curious fact is that
labourers in Calcutta, who possess very good physique and are indefatigable
workers, ore mostly people recruited from those provinces. How are we
to explain this ? Is it then possible that essential amino -acids are formcMl
in their bodies. This being the case, the biological value of proteins should
not be given so much stress, as is done. Berg also raised similar questions
ill Germany. He has shown that tho amount of protein taken may bo
reduced to a considerable extent, if tho acid-base balance in the food is

maintained and if the person is accustomed to a low protein diet.

4. Db. H. N. CifATTERJKE (Carmioha*! Medical College) remarked
that hiemotological findings carried out by himself showrod dofinifc'

abnormal values in females, specially in mothers. The number of anaemia
eases were remarkably more ivurnerous in females than in males. Possibly
tliis might bo dui^ to their food habits as it is the custom of the Hindu
housewife to take her meals after tho other members of her household
bavo fed, and it is not unlikely that the women folks actually get less

nutritious material from tho already poor daily diet of an average Bengalee
household.

5. Dr. S. N. Hoy (Cannichscl Medical College) remarked that an
increased carbohydrate uptake will induce a greater output of water both
by the kidneys as well as by tho skin, resulting in the greater washing out
of tho body tissues and depletion of soluble mineral salts. As Indian
dietaries are deficient in many mineral salts specially calcium, this greater
output of water by tho body may lie harmful. This lower intake and
greater outflowing of calcium from the systom may explain the shorter
stature of rice eating inhabitants of India.

(i. Dr. J. G. Parekh (Bombay) remarked that it is generally agreed
that tho Basal metabolic rate is lower of the Indians as compared wdth the
Western Standard. Ho has further observed that vegetarians have a
lower Basal metabolic rate on an average about 3% lower than those
who take meat diet. The majority of Indians are vegetarians and this

vegetarianism is perhaps physiological and an adaptive mechanism to tho
demands of a tropical climate.

7. Dr. B. B. Sarkah pointed out that in a particular locality',

inhabitants apparently have, from long experience extending over genera-

tions, evolved a dietary suitable for the particular conditions of
temperature, climate, humidity, available food materials, etc. of tho

country. This dietary history of the people has an important bearing on
their nutrition but unfortunately this aspect of the question has not, as

yet, received the proper attention of physiologists. Classes of people

accustomed to take high carbohydrate diet for generations have a different

nutritional history from the classes of people who have been living on a
high protein diet. The dietary habits of the people should be taken into

consideration when devising their diets.

8. Dr. B. Mukerji remarked that Dr. Wilson has referred to tho

superior water-binding power of the carbohydrates and the role it plays

in water metabolism and water exchange from the body. In this con-
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nection he would like to enquire whether there was any difference between
the water-retaining capacity of ‘rice* and ‘atta*. Rice is the staple diet

in Central and South India whereas ‘atta’ is the important food in the
Northern parts. Whether this habit of rice eating in certain jiarts of

India and ‘atta’ eating in other parts have anytlung to do with heat
regulation jihenomena ? The humid heat of Central and Southern India
would exert a sov'erer strain on the phenomena of water exchange.

9. Db. B. Nabayana (Patna) remarked that heredity may play an
important part in the health of an individual living on a particular diet.

There are families who have been vegetarians for generations and who have
been living on very low protein diet and that too of low biological value,

are keeping good health and living to a good old age. It is necessary
tliat statistical observations be made on the subject with a view to finding

out if heredity at all is responsible for adaptation to a particular diet.

10. Dh. Yodii (Bombay) pointed out the importance of the economic
factor in the study of diet.

] 1 . IIb. JD. Mitteb (Institute of Hygiene) remarked that for supply-

ing biologically complete proteins to the poorer masses in India, it would
appear that one should aim at supplying more varied proteins through
vegetable sources suijplemonted with a little milk or egg, because it is

found that absorption of protein takes place hotter at basal levels.

12. Db. U. Basu (Calcutta) said that to maintain the Normal
Hajmoglobin level in infants they should be given ‘Palo

'
{curcuma zeodoria)

as this cereal is rich in iron.

13. Db. Mib Mansub Ali remarked that in diet and nutrition apart
from environmental factor, the i^sychological factor cannot be ignored.

It has boon observ^ed that students living under tho soino environmental
conditions and taking tho same food, have different nutrition standards in

health. This may bo due to the suitability of a particular t3q)e of food
t o the fancy of a particular group ofstudents. This ‘ liking * factor jirobably

operates through the digestiv e system and solectiv^o absorption.

14. Db. Neil Edvvabds (Institute of Hygiene) suggested that the
low figures for Hicmoglobin which has been observed by some workers in

Indian women may be duo to tho fact that those cases wore not in good
lioalth and that pregnaricj^ and lactation may have unfas ourably affected
the findings. In a small series of ha>matological studies carried out on
healthy young women (buoyantly healthy) in Calcutta, the findings com-
jittred fav ourably with the standards mentioned m tho literature for British
women. There does not seem therefore to liav’^e a great diff(»ronce between
the blood picture of women in the tw'o countries. Before pronoimcing
any opinion on minute differences, the factors due to disease, otc. should
bo compietely eliminated.

XVIII. CONTRIBUTIONS OF ABNORMAL PSYCHO-
LOGY TO NORMAL PSYCHOLOGY.

{Section of Psychology.)

Db. G. Bose presided.

1. Db. S. C. Mitba, Calcutta.

Various factors contributed to the rise of modem psychology towards
the end of the last century. Since the establishment by Wundt of the
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first Laboratory in tho University of tioipzig, psychology has boen making
steady progress. Of all the events in the world of thought that have
influenced the course of the psychological science the rise and progress
of abnormal psychology has been the most outstanding one and the most
effective. Psycho-analysis is the most comprehensive of all the prevailing
schools of abnormal psychology.

Behaviourism and psychology have entirely difTorent universes of
discourse. Therefore the former is constitutionally unable to take the
place of the latter. Behaviourism carmot properly bo considered as a
mental science. There is an absence of dynamic principle m ‘ existen-
tialism The principles of ‘ existential ’ school lead to pure abstractions
which bear no contact with the malities of life. The methods of mental
measurement are sometimes able to render practical help in certain concrete
situations of life, but they am no guide to the understanding of the intricate
problems of mind. The principles of Ciestalt psychology give a good
phenomenological description of mental states and functions. But
personal subjective experiences are characterized by a peculiar feeling of
intimacy and therefore wo cannot remain satisfied with merely pheno-
menological descriptions.

Psycho-analysis gives us not only a better and more thorough expla-
nation of each of the psychological phenomena, traditionally treated in the
text-books, but also of other normal psychical expenorices usually
neglected in them. In addition it supplies us with a method by following
which wo are enabled to reach the innermost core of a ])ers(>irs psycla*.

The objection that the conclusions of psycho-analysis are based on observa-
t ion of abnormal mind and therefore are iriayiplicable to the processes of
normal minds, does not hold. There is a continuous gradation bidwoi'ii

a(!Copted normality and proved aluiormality and tlie only criterion of
normality that wo can adopt is what Bose has laid down, vi/.., harmony
with the social standard of the place and with the time. It is logit irnato

to assume that the jirinciples governing the inner mechanism of all minds
are the same every whore and whether the manifestations of a particular

one should be dubbed normal or abnornial would depend pundj" on external

considerations, viz,, tho social standard.
Ps> cho-analysis has widely extended tho borders of psychology b\^

revealing regions of the mind hitherto not traversed or not thought lit

to be traced. Dreams, misplacing of objects, forgetting of names and
hundred other similar occurrences, are normal psychologa-al phenomena,
but in pre-analytical days they were not given their dues in the text- books.

Psycho-analysis has given precise definitions of the terms unconscious,

subconscious, etc. It has demonstrated the immense influence tliat the
Unconscious exerts on all psychological experiences. It has made sigiii-

ficeuit contribution in the sphere of memory. One of its conclusions

regarding tho influence of tlie Unconscious has boen experimentally and
verified by Maiti in the Laboratory of (/alcutta. Bose’s thoorv of action

-

attitude gives a better explanation of illusions. Another great achievement
of psycho-analysis lies in the domain of feelings and emotions. The
ambivalence of feelings, the ways of transformations of emotions, the

complexes, and conflicts and their influence on the development of

personality, the r61e of emotions in the early life of the child are but some
of the most important contributions that have been made by psycho-

analysis to psychology. In spite ofthe protestations ofmany the discovery

of the sox instinct and of sex emotions in children by which is meant not

only the presence of these in the children, but their gradual development

through the various stages, beginning from the polymorphous perverse

stage in infants to the normal heterosexual stage in the adults is one of

the highest achievements in the study of man’s mind and is bound to

be recognized sooner or later as one of the greatest discoveries of the age.

This discovery has entirely changed the outlook of the teachers and

educators all the world over regarding the ideas and methods of their

noble mission.
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Psycho-analytical studies of affections and emotions have helped to

elucidate more clearly and systematically our appreciation and creation

of all fine arts and literature.

Not only actions of particular individuals but those of collective

groups also aro more fully expounded now on the psycho-analytical princi-

ples. While anthropology and sociology, history and even politics are

imbued now with the spirit of the new investigations, the studies of
customs and traditions, morality and religion have been given a fresh

impetus and a new orientation to the advantage of all concerned. To
take only two illustrations : Freud’s explanations of the influence of the

mob and the group and his theory of the development of the super-ego,

popularly called conscience, remain unsurpassed as pieces of deep psycho-
logical analysis and close systematic thinking.

Only general outlines of the contributions of psycho-analysis to normal
psychology have been given in this paper. The virtues of perfection and
completeness for psycho-analysis are not claimed. But it can safely be
said that psycho-analysis has not only enriched both in quality and in

quant ity every topic of normal psychology but enlivened the whole science

itself so that the latter* pulsates now with the new vigour and boldly attacks
the problems of life that only the other day it made it a point to evade.
And for this metamorphosis of psychology credit must needs go to Freud's
discovery of the Unconscious, which event has consequently been very
justly listed with the Copemican discovery and the Darwinian theory
as the third landmark in the way of progress of the sciences.

2. Lt.-Col. Owen Bekkeley-Hill, Ranchi.

The criterion of normality referred to in the above paper is not
accepted. The term ‘ normal * has two meanings.—First it may mean
‘ the most usual ’ or the ‘ average Tn other words ‘ normal ’ m this

sense has a ‘ statistical ’ connotation. On the other hand ‘ normal ’ may
be made to moan the ‘ healthy ’ as opposed to the ‘ diseased *, in which
case it has an ‘ evaluative ’ connotation. Most of us tend to confuse these
two meanings, because our ideas of what is ‘ good ’ or ‘ healthy ’ an*
largely determined by what is most prevalent although not always con-
sistently because there are qualities, e.g. abilities which we admire when
present in an unusual degree. We may ask ourselves therefore how far

we should allow our view as to what constitutes ‘ normal * or ‘ abnormal ’

psychology to be influenced by what, on the one hand, is evaluatively
normal and by what, on the other hand, is statistically normal. This
difficulty which is not a small one, will be got over as soon as we talk of
psychology and make no distinction between the normal and abnormal
psychology. ITnder such conditions the title of the symposium would
have been ‘ The Debt of Psychology to Psycliotherapy ’.

3. Mr. H. D. Bhattacharyya, Dacca.

At bottom the question of normality is intimately bound up with the
fjuestion of social existence. No wonder that the study of the social
mind should acejuire increasing importance with the development of the
study of abnonnal mind. Academic psychology ignored both the depth
and extent of the human mind. The concept of epigenesis or creatho
synthesis tried to supply the element of unity and organization, but did
not succeed.

Functionalism also did not improve matters. In one word, academic
psychology suffered more or less from the tyranny of generalization and
abstraction and it neglected the special constituents of individual minds
and their historical growth in reaction to definite environmental conditions.

The rise of individual psychology is coeval with the development of
abnormal psychology. The personal individual is not exactly a represent

-

ati\-o of his class in the same sense in which one inorganic substance can
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take the place of another belonging to the same class. Sach case therefore
must bo studied in his historical growth and must form the subject-
matter of individual attention, analysis and treatment. To ignore the
historical setting of a given conduct is to obliterate the distinction between
the inorganic and organic and to deny as Bergson effectively and eloquently
preaches, the reality of time.

The discovery of the individual has been accompanied by the finding
that without reference to the social milieu the growth of individuality
cannot be understood at all. Abnormal psychology has been mainly
instrumental in drawing attention to the groat part played by society in
moulding the development of the individual minds. To the lasting credit
of abnormal psychology be it said that it has shown most effectively
the result of conflict between personal desires and social requirements.
It has been able to demonstrate that unsocial tendencies that do not
succeed in getting an expression managed to survive in the cavern of the
mind and even sally foith on occasions in disguised forms and produce
psychopathologies of daily life like forgetfulness of names and things,
psychogenic falsities like hallucinations, illusions and dreams, veiled
obscenities like smutty jokes, pornographic tales, sensual emblems in
art and religion and also unaccountable humours and sudden conversions.
It has familiari'/ed us to the facts of dissociations of personality. The
successful attempt of psychologists to reintegrate the dissociated strands
of personality and to restore the normal reaction to society must be
accepted as the virtual v^erification of their hypothesis regarding the mind
and its workings. Even with the best of intentions a man cannot fathom
the depths of his own soul by mere int-rospoction, for much of what passes
for rational thinking is at bottom rationalization and what apparently
passes for a true motive of action may be only a cloak for some deeper
lying intention of which the conscious mind is not aware at all. So the
definition of man as a rational animal should not be understood in the
sense that man is rational at all times or that ho knows the reasons of Ins

conscious states in all cases <jr, in fact, in any cose. He is a creature of
impulses and desires and his normal and morbid reactions are all prompted
by the inner urges -many of libidinous character and all designed to

fulfil this or that wish of a conscious or unconscious kind. presumption
is raised that there is such a thing as the rational unconscious and tlio

existence of typical symbols in dreams serves to indicate that some common
factor activates thinking in slumber.

Abnormal psychology has established the fact that mind attempts
at all times to effect an adjustment to given situations. Compromise
is writ largo across the face of the mind. To avoid coming into constant

conflict with society the individual develops the super-ego and thus sets up
a miniature machinarv within itself to curb the insistent urges of the

antisocial id from below the levels of consciousness. In between the

super-ego and the id lies the ego—the life of ctinsciousnass and compromise.

Abnormal psychology has also made valuable contributions towards an
understanding of crowd leadership, religious devotion, social taboo and
totem and kindred phenomena of the individual and social mind.

The greatest contributions of abnormal psychology are two, viz., that the

self is a unity in diversity (mimicking in this respect the relationship of

the Absolute and the finite selves) and that identical principles operates

in <lifferont fields of mental activity, imlividual and social.

4. Mr. Jamuna Prosap, Patna.

One cannot but agree with the general theme of the leading article,

but there is an obvious one-sidedness in the discourse. In it normal

psychology is altogether denounced os stale, incompetent, and useless.

But it should be pointed out that many valuable facts and principles

about psychological topics, e.g. about emotion, were known to normal

psychology independently of the finding of the abnormal. There are other



66 Twenty-fifth Indian Science Congress.

schools of abnormal psychology besides psycho-analysis which have not

been even referred to. Jung’s word association experiment » Adler’s obser-

vations on ‘ Inferiority Complex *, the works of Janet and Prince on disso-

ciation have been neglected. Secondly no science should have a craving

for popular approval, a craze for ‘ blazing forth before the admiring gaze

of the public . Even psycho-analysis does not care for the blessings of the

man in the street nor for the ‘ good sense and fine feelings ’ of the elite.

Thirdly while it may be admitted that the traditional existential and
academic psyehologj^ are a failure, the dynamic and functional schools

have undeniably contributed towards our understanding of the human
nature in the various aspects. On the other hand the success of psycho-

analysis in solving the mysteries of the human nature may very well be
doubted. Even in regard to the problem of neurosis it is believed by
many psycho-analyststhemselves ‘ that psycho-analysis has no answer as to

the fundamental basis of the development of neurosis ’. In regard to

anxiety as the basis of neurosis Freud has openly admitted in his New
Introdi/ciory Lectures on Psycho-analysis ‘ that everjdhing here is in a state

of flux *.

It is unhesitatingly affirmed in the leading article that the highest

achievement of xisycho-analysis is the discovery of the infantile sexuality

and of the stages ofgrowth from the ‘polymorphous perverse ’ to the normal
hetero -sexual stage. General psychology, however, has not accepted the
whole story as true, rather it has strongly repudiated the suggestion that the
child is nothing but sexuality incarnate. Stern, a recognized authority

on the ('hild Psychology, points out that the behof in the sexuality of
infants is a curious instance of * reversed ’ projection from the so-c^led

leminiscenccs of adult neurotics. It is only the psycho-analytical child

psychologists, e.g. Anna Freud, Melanie Klein, etc. who are convinced of
the sexuality of infants. The grotesque phrase ‘ polymorphous perverse

’

is inapidicable to the child and betrays a serious lack of understanding of
the child mind. All the evidence regarding infantile sexuality is based
on data, rather of the selected type. The so-called reminiscences of the
adult neurotics on which the whole theory of the infantile sexuality is

based, have in most cases, proved to be more lantasies and justifications

of the patients’ special attitude in the psycho-analysts’ consulting room-
As regards the contributions of psycho-analysis a division should be

made between (1) those which are of real value to general psychology
and have been more or less definitely adopted by it, and (2) tliose which
are of doubtful value to it and remain confined to psychoanalytic works
as characteristically distinctive of thoir special creed, marred by exaggera-
tion and even lacking in evidence.

In some important respects psycho-analysis has done a positive disser-

vice to psychology. Its mechanistic conception of mind, and its erroneous
genetic principles are instances. Justice has not been done to the develoj)-
mental impulse which actuates man’s life ever since the foundations of
its birth are laid, and which is perpetually expressed in his longing to be
more than what he finds himself to be. As a result we get a curiously
inverted view, vdz., the test of the normal lies in the abnormal and that
normality is repressed abnormality. But credit must he given to Freud
for recognizing recently, this much at least, that the Oedipus Complex has
passed away and does not exist in the normals, and greater credit still

for his more recent assertion even in regard to the neurotics, that we shall
have to abandon the universality of the dictum that the * Oedipus Complex
is the nucleus of the neurosis ’.

The unnecessary laziness and even lack of willingness of norma)
psychology to assimilate many valuable contribution of abnormal psycho-
lt>gy are to be admitted. But probably there is some real difficulty in
the task of assimilation on account of the new concepts and terms of
abnormal psychology, which somehow remain alien to and refuse to fail
easily in line with those of normal psychology. Consequently it continues
to remain typically the psychology of the conscious, unmindful of the
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the risk of remaining distinctly poor for neglecting the unconscious. A
constructive suggestion may be made. What we need is a seriously
planned out scheme requiring the Joint efforts of many to work together
in close collaboration in order to evaluate and readopt the contributions,
not of psycho -analy.sis alone, but of all schools of abnormal psycholog5^ so
that a new typo of general psycliology, having a close touch with the
concrete problems of real life, may be produced, and we may advance
towards a wider, deeper, and truer understanding of human nature.

5. Dn. T. PuBUSHOTTAM, Waltair.

The importance of the criticism le\'olled against Freudian and other
psycho-analytical schools of psychology, viz., that they err in attempting
to give us a picture of normal mind and its operations by attempting a
reconstruction of that pi( ture from the data obtained in tho field of mental
pathology or abnormality, should not bo minimized. But it holds valid
on the assumption that abnormal psychology adopted method which
evolved in tho consulting room of the physician. This assumption is

untrue. The greatest discovery of Freud’s lifetime is in the province
of the psychology of tho Dreams. His insiglit into tho mechanisms
of neuroses is but a logical development of his initial insight into the nature
of tho dream. The principles formulated therein are iiidisponsable to a
comprehension of mind as MIND. The scope of Freud’s discoveries
remains general, i.e. not restricted to the hold of abnormality or pathology.
Proud conceives the psychological individual iii tho light of strict deter-

minism. Whatever tho scientific value of such contributions to our
understanding of Mind may be, it is olnious that in their rclevaney and
scope tlie ideas belong to normal pvsycbology.

Before Freud, there has been no psychological objectivity worth
mentioning. Psychology fails as a science because of laek of such objec-
tivity. Objectivity in psychology is achieved only when tho object rd'

psychological study is grasped not as a robot oi a vegetable or an instinct -

ridden psychopliysical orgaiiiain, but as the living mind—what lives on
more than food, what shapes and uses the instruments of its action, and
grasps all things and worlds for tho sweetnesses thereof.

That the energy* of tho living mind is hbidinal is one observation of
Freud that will remain unsurpassed for its acuteness for well over a century
to come. We live in times to near tho event. It is ])ardonable if we don't
realize the entire scope of that great observation. May be, Freud himself
does not realize it. It is an observation of genius. Its confirmation will

have to be found along every avenue of approach to truth concerning the
living mmd , whether it is manifested in the deep sea, or in the birds of tho
air or in man, individual or collective. 8uch confirmation is already

forthcoming.

The principle of libido takes prioiity over even vital process, and thus
proposes a psychological foundation for, and bestows a psychological

character upon, phenomena which we are normally inclined to regard as

a-psychic, i.e. biochemical, physiological, evolutionary, vital, etc. It is

highly significant that even in sexually differentiated orgamsm, hbidinal

manifestations precedes in ontogeny (and probably too in phylogeny)

the development of sexual apparatuses. Libido is a wider conception

than Sex. It is the fundamental attribute of all life as the Joy that breaks

into living forms.

The terms ‘ conflict ‘ repression ’, ‘ resistance * dissociation ,

* fixation ‘ regression *, etc. have thrown light on many biological

phenomena and profoundly influenced the scientific thought.
^

Psychology

can ill-afford to let sister sciences profit out of its own wealth, itself remain-

ing callous to its vast treasure.

Maranon presents data which force on us the conviction that individual

bisexuality is normal feature of individual existence.



58 Twenty^fifth Indian Science Congress.

The co-ordination of the discoveries of Maranon with the doctrines

of the Freudian psychology is a pioce of work yet to be accomplished.

J t is one which devolves upon the psychologists ofourown generation.

While general psychology appears to be slow to plumb the depths of

the individual ‘ psyche \ sister sciences are marching forward developing
the concept and enriching its content. Erich Wittkower addressing the

Psychiatric section of the British Medical Association, demands a psycho-
logical foundation for scientific pharmacopoeia and medicine.

Let it bo reiterated that the proper object of psychological study is

the psyche and that the facts of abnormal mental life, as well as those of

normality, have forced upon us anew the importance of recognizing the

reality and pervasiveness of the thinking ‘ thing ‘ res cogitans ’ of Des
Cartes.

‘ Mano mayah prana sareera nata,
Pratishtitho(a)nne hridayam sannidhaya.*

It is to be wondered whether normal psychology in all its extent

and applications can hope to find a more appropriate object for its contem-
plation.

6. Dk. J. K. Sarkar, Muzaffarpur.

Psycho-analysis has thrown much light upon the intricate problems
or the obscurer phenomena of thought, feeling and behaviour. But
behaviour is many sided. No single branch of psychology can take charge
of the human behaviour in entirety. Behaviourism maintains a thorough
going legitimate, scientific attitude. Its studies of conditioned reflexes

and glandular secretions are significant but its fallacy lies in taking motor
and glandular responses as ultimate. Existentialism is a pure science

and as such should bo distinguished from psychology as an applied science

Test psychology is also purely scientific and experimental. So also is Gestalt
i’sychology. According to Collins and Drover a psychology which is not
experunontal is to day an anachronism in any department of mental life.

While some experimental works have been done in the fields of word
association and aberrant behaviour, the difficulties that are met in the
application of experimental method to psycho-analysis are very great
indeed. In viewof the vast benefit that psychology would bo likely to derive,

if psycho-analysis could be made amenable to experimental technique, the
attempt seems emphatically to be worth the making. Detailed analysis <it‘

conscious sense perception shows that the unconscious lies at the core of
all conscious processes. That it itself is the foundation on which normal
psychology stands, is the greatest contribution made by abnormal
psychology to the former.

7. Mr. H. P. Haiti, Calcutta.

The choice of the subject-matter of the present symposium is very
appropriate. It focusses our critical attention to the important problem
ofthe influence ofpsycho-analysis on psychology . Largo number ofpsycho -

legists in India are still very much ‘ academic The symposium may
serve a valuable purpose by drawing their pointed attention to one of the
outstanding aspects of modern psychology that appears to have giv^en us
a key to many mysteries of human nature. All the views expressed in the
leading paper as also the total impression regarding the worthlessness
of non -psychoanalytical psychology conveyed by that paper cannot be
subscribed to. The metamorphosis of psycho-analysis to psychology
iH not an accomplished fact and is yet to come. Psycho-analysis is not
the most comprehensive of all the prevailing schools of abnormal psyoho-
logy. Psychiatric school lays claim to valuable contributions in addition
to helping the growth of psycho-analysis itself. It has partly stimulated
the development ofmental tests and specially of personality tests.
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All the schools of contemporary psychology, including the psycho-
analytical, are partial in outlook. The loader of the symposium writing
as a schoolman himself, has failed to give duo weight to this fact in his
summary criticism of the various schools. The particular aspect from
which psycho-analysis studies life is that of the Unconscious. But it

cannot or does not deny the value of the conscious aspect ; for, it has not
only to begin work of analysis, but also to carry it on, from the plane of
consciousness. Psycho-analysis staits from from a sort of normal psycho-
logy* o.g. psychology of consciously motivated conduct

;
proceeds to an

assumption of hypothetical motives in the case of apparently unmotivated
behaviour

; gathei*s support for this assumption from tlierapeutic success
and wide range of apjilicability of its hypotheses ; and finally comes to
revise the normal psychology with which it began. The detailed expla-
nation of the unconscious lias added materially to our knowledge of the
emotional life ofman and the significance of the new knowledge for practi-
cal life is immense. But these contributions only supplement the pheno-
menal descriptions of the psychologists and the physiological findings of
investigators like Cannon.

Psycho-analysis represents a partial outlook and approach like tlio

other schools, but it cannot be denied that its significance for the future of
psychology as well as of human life is much greater than that of any other
contemporary school. It is better to remain eclectic m the present state
of our science than to identify oneself with the psychoanalytic school.

As regards the positiva (xmtributions of psycho -analysis nothing
need be added to what has been said in the leading paper. The discovery
of the social implication of our behaviour, overt or implicit, is very signi-

ficant. The Mental Hygiene Movement, the Now eilucation and many
other such movements are based on the concept of the unconscious.
The hypothesis of the unconscious therefore has a pragmatic superiority
in comparison with the neurological one for psychological resoarcli.

There is need for contact and co-operation between psycho-analysis
and psychology. Reactions of assimilation, specially from the side of nor-

mal psychology are alread}^ on the way, as will be evident f rorn the text-books
and histories of psychology recently [mblished. But there are some diffi-

culties to be overcome. The main difficulty is one of method. A scientist

cannot be expected to accept a fact or theory relating to his science without
verification for himself. Use of the clinical method in some form in the
Laboratory would certainly help the reapproachmont work to a great

extent. With incimse in the number of Normal Analysis it would be
possible to have a sufficient number of Laboratory subjeots, for a senes
of Free Association sittings to warrant generalisation about unconscious
factors after the exyierimontal ideal of Normal Psychologists.

The idea is current among some that as the clinical method works
en tnaase on the personality and not any simple abstracted feature of it,

it cannot be a scientific method. But the clinical method of psycho-analysis

at least on its exploratory side is comparable in essentials to an accepted

laboratory method. Tiie similarity has been pointed out by the writer m
a paper to bo j>ubli.shed shortly, dealing with the reaction time experiment.

The psycho -analytical tenus and concepts appear to many to bo

cumbrous and substantiv^e in import. Psyi'hologists cannot be asked to

reconcile themselves easily to believe in the mental substantive

after their sustained labour for centuries to throw them out. We shall

have in near future to attempt simplification of terms and concepts by

symposium discussions or conferences but mo.stIy by sympathetic under-

standing. Professional vanity would not surely stand m the way, for

nothing appeals so much to the heart of the true scientist as pursuit of

truth.

8. Mr. M. N. Baneiui, Calcutta.

Psycho-analysis is not the whole of abnormal psychology nor a

representative sample of the latter before the rise of the former. Psych i-



6C) Twenty-fifth Indian Science Congress,

atry and the physiological lines ofapproach to abnormal mental phenomena
and non-psychoanalytic psychological study of them have thrown floods

of light on general principles of psychology. All mental states whether
they are cognised in the normal or the abnormal mind are natural All

laws worth the name should be able to explain mental phenomena irres-

pective ofwhether we label them normal or abnormal from socio-behaviour-

istic point. From the stand-point of pure psychology, there is no such
thing as normal or abnormal, therefore no necessity arises to prove formally

that certain laws discovered in connection with the working of the unsoucd
mind are of general applicability. Psycho-analysis was essentially a free

association method thrust on the master mind of Freud by his patients

and first applied to cure Hysteria and other neurosis. Freud gave a new
odentation to the term ‘ Unconscious ’ out of vague and loose nebulous
conjectures. The scope ofpsychology along that of the mind was extended
and we came face to face with the kernel of Mind and tha forces that

worked there, the basic innate urges of self and Sex instinct and the ‘ Id ’.

Psycho analysis is not abnormal psychology at all. It is pure and
simple depth or dynamic psychology. It is not a viewpoint but an
extensive addition to the scope and method of psychology—^pure and
applied. What the Experimental Psychology of Wundtian school and its

derivatives dealt with was only the conscious part of the mind and psycho-
analysis deals with the unconscious portion. The two should bo bridged
as is being attempted in the Bengal school now under the President of this

section.

Evaluation of contribution of other abnormal psychologists has boon
omitted in the leading paper. Wundtian Psychology and other schools

based on it have not failed altogether. Their aim of psychology was not
identical with the present day viewpoints of psychology. BehaviourLsiio

school lays emphasis on the physiological explanation. Except psycho-
analysis, Wundtian Experimental Psychology has done a great service.

There is a very bright luture for * mental measurement ’ school. Gestalt
psychologists by their new experiments on perception of* movement and
their emphasis on the whole have done real service.

0. l)R. N. N. Sen-Gupta, Lucknow.

Normal and abnormal psychology have been mutually influencing
each other since a long time past. A survey of the process of interchange
of concepts and insights between the fields of abnormal and general
psychology shows that the former has influenced the latter in six principal
ways : (1) It has drawn attention to several facts of normal psychology,
e.g. dreams, day-dreams, etc. and has amplified the connotation of many
others. (2) It has formulated certain interpretative concepts, e.g. the
Unconscious, fore-conscious, Extroversion, Introversion, etc. (3) It has
also formulated a number of relational concepts, e.g. condensation, Identi-
fication. etc. (4) Some new concepts have been introduced by it to normal
psychology, e.g. the phenomena of suggestibility, attitude, disposition and
others. (6) The Ego is defined in abnormal psychology in a more concrete
sotting than is common, e.g. in the schools of Wundt, James and others.
Similarly the much misunderstood idea of Sex is better described in
Freudian Psychology, (6) Lastly, abnormal psychology suggests a new
method of approach to the psychological sciences. Psycho-analysis is the
technique for the discovery of the phase of the total psychological
patterns.

Tlie methods of abnormal psychology are now fairly well-established.
The mental states and behaviour of the abnormal are described in their
phenomenal aspects. The phases of the total experience are observed
and are so connected as to picture a unitary whole. This whole and its

phases are correlated with : (1) the past experience, (2) the environment,
(3) the physical condition. In the light of this knowledge the S3nnptoms
are explained and curative measures are devised.
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The method of general psychology is conceived in a similar fashion.
The mental processes and behaviour are determined by four sets of factors :

(1) Antecedent conditions of the organism. Some of those are at time
capable of discovery by self-observation ; other times they cannot be so
discovered. (2) Bodily processes, including the hereditary trends, the
character of the nervous system and the rest of the organs of the body.
(3) Physical environment including (i) certain general factors such as
altitude, climatic conditions, etc. and also (i) specific stimuli. (4) Social
stimuli such as the number and nature of the social group.

10. I)b. S. C. Mitra, Calcutta.

Beply to the above discussion.

I am quite prepared to agree with Lt.-Col. Owen Berkeley-Hill, that
taken in a very broad and general way there is no distinction between
7iormal and abnormal f^syohology, because whatever happens mentally
either in the sphere of what is regarded as normal or in the sphere of
what is distinguished as abnormal is perfectly ‘ normal ’ in the sense of
‘ natural ’ event as under the circumstances nothing else could have
happened. Had we lived only in the high intellectual sphere of pure
abstractions and wide generalizations without the necessity of having any
practical contact with our follow beings there would have been no need
to make any distinction between normal and abnormal, or for the matter
of that between physics and chemistry, between plant and animals. But
wo hve in a society and society makes incessant and multifarious demands
on us. Unless we can moot these demands and adjust ourselves to the
situation, wo are sure to be driven to the wall. Useful modes of adjust-
ment to particular situations soon develop and tliey become tho standards
of conduct. They como to be regarded as normal forms of behaviour.
Anxiety is a normal psychological phenomenon, but it becomes abnormal
only when it is out of proportion to the situation, i.e., when it leads to
maladjusted behaviours. Tho primary necessity which urged us to make
a distinction between normal and abnormal arose from our atteinjits at
adjustment to social demands. So that the statistical-social seems to

me to be the only accejitablo semse of the term ‘ normal ’ which can be
profitably pursued in psychology. Besides, liow is tho province of
pwsycho-therapy to which Col. Berkeley-Hill refers, to be defined and what
IS health and what is disease ? Proper definition of these terms would
inevitably lead to the concepts of adjustment and maladjustment.

T am glad to find myself in a position to accept all that has been said

by Prof. H. D. Bhattacharyya, and would like to draw attention to tlio

special emphasis that he has laid on the influence of tho social environ-

ment on the devolo])ment of individual behaviours, normal or abnormal.
In drawing the distinction between normal and abnormal, he recognizes

the social standard. Ho accepts that man is a creature of impulses and
desires and that the normal and morbid reactions of men are all prompted
by inner urges—many of libidinous character and all designed to fulfil

tliis or that wish of a conscious or unconscious kind. He has no doubt
about the importance of the contributions that have been made by
abnormal psychology towards the understanding of crowd leadership,

religious devotion, sociological phenomena of different kinds and kindred

products of the individual and social mind. Ho has hinted at a probable

philosophical background of the discoveries of the abnormal psychology.

Prof. Jamuna Prosad points out that all the schools of psychology to

which I have referred, have made valuable contributions independently

of the findings of abnormal psychology and takes me to task for denouncing

all these schools and for my failure to consider the researches of Jung

and Adler. The introductory portion ofmy addi-ess will convince anyone

that it was far from my intention to denounce wholly every prevailing

school of psychology. I have merely attempted to point out what appears
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to mo the Hhortcommg of thoflo schools and I am sorry if it has created

tho imprwfiiori of an out and out denunciation. I have not specially

mentioned tho researches of Jung and Adler not because I do not consider

them valueless but simply because what is valuable in them has been
inc(;rporatcd in the Freudian .system. Prof. J. Prosad seems to be very

doubtful about any valuable contribution being made by psycho-analysis

to normal psychologjr. He inttk<\s one grudging concession in favour of
j^sycho-analysis to the effect that some older ideas of traditional psy-

chologists, e.g. coTiativo tendencies, voluntary actions, inhibition and
M(*lf-control, which were fast getting sterile and lifeless, have been much
w idened, enriched and improved by psycho-analysis. He scornfully rejects

the ideas of infantile sexuality and quotes in his favour. Stern, a recognized

imthority on Child l*sycliology. He easily disposes of Freud’s theory of

the origin of civilization and of totem and taboo by stating that these

explanations are only ‘ master-pieces in tho art of systematizing phan-
tasies ’. As there are no arguments to support these general statements

T can only answer that 1 do not accept Prof. J. Prosad's characterization

of the.so theories as master-pieces in the art of systematizing phantasies.

Ho gives credit to Freud lor recognizing recently that the ‘ Oedipus
CNimplex ’ has passed away and the univeraality of the dictum ‘ the

Oedipus Complex is the nucleus of neurosis ’ has been abandoned. He
f|Uotes Freud’s statement regarding anxiety ‘ that eveiything here is in

a state of flux If those statements are meant by Prof. J. Prosad to

imply that the concepts of tho ‘ Oedipus Complex ’ and tho infliionce of

anxiety on neurosis have been abandoned, 1 cannot accept his inter-

pretations at all. Oedipus Complex may pass away in normal adults

but Freud (loos not moan that tho concept has ceased to be applicable to

(diildren. When ho said that everything regarding anxicity was ‘in a

state of flux or change *, ho never intended to convoy the impression that

all that had been said before regarding anxiety should be absolutely given

up. What he implied, as is evident from his lectures from which the

above passage has been quoted and from his later book Inhibitions,

Sffmploms mul An.r<r///, was that tho problem of anxiety needed further

analysis. Prof. J. Prosad ’s charge against psycho-analysis that it has
introduced ‘ mechanistic conception of mind ’ has been ably mot by
Dr. Purushottain, Tho latter has rightly as.sorted that before Freud
there has been no psychological objectivity worth rneiitioniiig. 1 would
have very much welcomed a detailed analysis of the developmental
impulse to which Prof. J. Prosad refers.

1 find myself in complete agreement with one of the main points of
Dr. T. PuriLshottam’s article, viz., that tho hypotheses regarding the
working of the mind which Freud has dev^eloped from his study of Dreams
are apfihcable to tho processes of normal mind. The scope of Freud's
discovery remains general. He believes that tho energy of the living

mind is libidmal. His view that tho new concepts of psychology will be
more and more applied to Ihology, Organic Medicine and other sciences,

is one which 1 wholly subscribe to. His other point about objectivity has
already been mentioned.

Prof. J. K. Sarkar thinks that all-prevailing schools of psychology
have contributed something towards the progress of psychology. I do
not differ from him and 1 fully agree also with his statement that all

complex mental processes like memory, imagination, etc., that are develop-
ments of original sense-perception have their root in tlie Unconscious.

Mr. H. P. Maiti refers to the total impression conveyed by my paper
about the worthlessness of non-analytical psychology. I certainly do
not hold the opinion that other schools of normal or abnormal psychology
have not contributed anything towards the understanding of the mental
processes. What I contend is that psycho-analysis supplies the essential
element that was missed by them. The discovery of the Unconscious
has given an entirely new interpretation to the findings of other schools.
1 fully agree with Mr. Maiti that tho difference between him and myself
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is mainly a matter ot oiaphasis. While ho believes that psycho-analysis
is only a ‘ school ’ among many othoi-s, I am me* lined to consider it as
the foundation of the Science of Psychology and the fundamental basis
ot all psychological thinking. 1 fully subscribe to tlie view that the
discovery made by psycho-analysis of the social implications of our
behaviour- -overt or implicit— is very signiHeant for the ruturo recon-
struction of social relations, liy adding a very \ aluable ajipendix to his
paper containing an anal;ysis of the attitudes of the authors of the modorn
ti'xt-books of (leneral l*sychoIogy and History of Psychology, he has
shown how the piiriciples of psycho-analysis are gradually being appre-
ciated by them. Ho refers to some difficulties in the way of ineorjioration
of psyelio-analytical findings in general psychology. The ehiet difficulty

is a methodological one. 1 fully appreciate his remark that one cannot
ask a Scientist—in the present case the Psychologist—to aeeejit a fact or
theory relating to his science without verification for himself. 1 am glad
to say that he himself has shown how the difficulty can be o\(*rcome.
Hy his experiments on memory and reaction time ho has demonstrated
how the rapprochement between psychology and psyidio-arialysis (*an be
made possible and how psycho-analytical findings can be ]>iit to tost under
traditional laboratory (jonditions. Another diffiiailty lies in the new
terms and concepts of psycho-analysis which appear to be too cumbrous
to many and to be substantive iti their import. IVyebulogy has been
trying to get rid of the belief in the mental substantives and it is difficult

for them to reconcile thoniselvos easily to the now toiins. 1 do not think
that the difficulty is an insurmountable one and as he himself has sug-
gested symposium discussions and conferences may in the near futuie
lead to a simplilication of the terms and eoneejits. It would suredy be a

<*filamity if conservatism, pedantry, or professional vanity stand in thi'

way of such simplification.

Mr M. N. Banerji seems to accept the soeio-btdiaviouristie standpoint
as the criterion of normality. 1 agree with him when ho says t hat by the
iliscovory of the language of the TTnconscious, Kreud explored the biggest

realm of the Mind. As regards the points of dissension with me, I do not
think that it would he relevant to go into the details of the prevailing

schools of psychology in order to evaluate their respective eontributious

towards explanation of the mental phenomena. It was furthest fi*om my
intention to maintam that these schools liave contributed nothing towards
our understanding of the psychological processes. I refer him to the

introductory portion of my article. It would have been better had
Mr. Banerji defined what he precisely meant by ‘ depth psychology \

Dr. N. N. Sen-Gupta generally agrees with what have been stated by
me. Ho has, however, fireseiitod the materials in a very logical wa.\

,

classifying the contributions of abnormal psychology undm* six different

headings. His own view about the methodology of general psychology

has througliout boon of the nature suggested by the development of

psycho-analysis

.

11. Ernkst Jones, London.

1 must confess, parenthetically, to being one of those who feel a
prejudice against the term ‘Abnormal Psychology’. Few workers havo

been willing to reconcile themselves to the admission that their psychology

is abnormal, and still less the risk of being themselves designated as

abnormal psychologists. 1 should myself, for masons that will presently

be indicated, have preferred to use tho term ‘clinical psychology’. In

England ‘medical psychology’ is the term most widely used, but it is

possible that professional prejudice may have much to do with this pre-

ference. In this connection an interesting suggestion made some years

ago by Wilhelm Specht may be recalled. Ho xiroposed to restrict ttie

term ‘psycho-pathology ’ to the study of abnormal mental phonomena
carried out from a purely medical point of view, i.e., the investigation of
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the caiises, pathological significance, and modes of treatment of such

States; and to use the term ‘patho-psychology ’ for the investigation of

the same data purely from the point of view of general psychology.

Certainly this distinction is well worth nothing, for most of the interest

attaching to the intensive study of pathological mental states that has

been carried out in the past quarter of a century is clearly due to the

startling extent to which knowledge gleaned in this field has been illuminat-

ing for other fields as well.

Now the simplest answer to the question of what the study of the

‘abnormal’ has contributed to the study of the ‘normal’ might well be

given in one word: the Unconscious Mind, For this includes all else.

It is a much greater gift than bacteriological knowledge was to the study of
infectious disease or the circulation of the blood was to physiology. After

all, important as the new knowledge was in these two cases, it concerned

only one ofmany elements of the situation. Knowledge of the unconscious

mind, however, is not merely an addition to our knowledge of the mind

—

the study of one more element; it represents the discovery of what the

mind as a whole really is, an organ t)f which the conscious mind is only

an external expression. Investigation of the unconscious has made it

for the first time possible to begin to elucidate the significance of that

external expression, to which ‘normal psychology* has hitherto been
confined—and on a purely observational level.

Instead of giving this short answer, however, I would expound the

matter in the following way. The outstanding feature that most sharply

distinguishes the clinical method, in either medicine or psychology, is

that in it attention is concentrated not so much on the investigation of

any particular system considered in isolation, or the elucidation of any
particular disorder as such, as on the scrutiny of an individual human
being considered as a whole. In this statement there are two important
constituents, the stress laid on the words ‘human being’ and on the words
‘as a whole ’. The decision to make an intensive investigation of a number
of individuals proved to be a much more fateful one than it must have
appeared at first. The motive impelling tho pioneers to make this decision

was the necessity of doing something when confronted by the terribly

urgent problem of suffermg, and this motive enabled them to overcome
just the obstacles that had hitherto been imposed in the way of any
penetrating investigation of the mind. The history of tho investigation of
the body was repeated in the sphere of the mind. To examine the inside
nf the body had, for contui’ics, been forbidden as something taboo, not
nice, not proper and not right. But the extreme desirability of learning
something about what, why or when men suffered from disease at last

broke down this prohibition. Examination of the inside of tho mind was
still longer held up, and mainly by similar obstacles. With this tradition
most clinical psychologists have defimtoly broken. Faced with the grim
tragedies of neurosis, they have had perforce to come to close ejuarters

with tho intimacies of emotional life, and, much to the horror of their
contemporaries, they have proceeded to examine dispassionately the
facts in this way brought under their notice.

A clinical attitude, studying the personality as a whole, is more
conc(U'ned with the scientific problem of the relationship between mental
processes than with the more philosophical problem of the ultimate nature
of them. One of the outstanding conclusions to which this methodological
mode of approach has compelled assent is that the various forms of mental
functioning are extraordinarily interrelated and mutually dependent,
so that justifiable scepticism arises in regard to such experimental work
which professes to isolate such processes as intellectual or memory ones
from the rest. This is only one of the many respects in which the clinical
method has come into some degree of conflict with the older methods,
though the history of science gives every reason to believe that such
conflicts can only represent a transitional stage in the development of
psycho]ogy as a whole.



Part IV—Discussions. 65

Bui clinical psychology has far more to offer normal psychology than
scepticism. It has also made positive contrihutions to our knowledge
of a fundamental character. When the study of the mind is approached
in this way, with a propensity to consider every problem in reference to
the whole personality and with the resolve not to shrink from expltjration
or the inner mental life, however intimate, wherever nec^essary, experience
shows that it will result in certain characteristic views being taken of
mental functioning. These, then, come to be rather distinctive attributes
of the clinical method. Four ofthem may be selected for special emphasis

:

they may each be memorized by a single word: genetic, dynamic, ins-
tinctual, and unconscious, n^spectively. A few words will be said about
them in this order. It will be noticed that academic psychology gives its

assent in general terms to three of them, to all except the idea of the
unconscious, but they are all taken much more seriously and applied much
more rigorously in clinical psychology.

Everyone would, of course, agree with the statement that the mind
develops, but a great deal more than this is meant when it is said that
clinical psychology views the mind genetically. Here the continuity of the
mind at different ages is regarded quite literally. It is field that the
significance of any given current mental process is not completely known
unless the full genesis of it is also known, unless its predecessors can be
tranced back in an unfiroken chain to the beginnings of mental life in the
infant. It has been found that many of the older elements of the genesis,
and often the most important of these, are not completely transformed into
or replaced by their successors, so that a certain amount of their original
significance is still retained. The practical effect of this is that many of
our impulses, interests, and ideas carry with them an extrinsic significance
based on their genetic history, that they represent more than what they
purport to. In extreme cases, of which imconsfdous symbolism is the
most striking example, the subject is totally unaware of this surplus
significance. The most advanced school of clinical psychology, following
Freud, carries this genetic, principle to its logical conclusion and maintains
that all our later reactions in life are really elaborations of simpler ones
acquired in the nursery. The power to modify the more fundamental
types of reaction becomes rapidly less as the cliild grows, and some of us
even think that no fundamental change in character can take place after

the fourth year of life.

In its dynamic view of the mind, clinical psychology comes into
decided opposition with the old associationist psychology. When one
mental element occurs after another it is no longer possible to think we
have explained this by saying that the second element, having been
attached to the first through temporal contiguity, or inherent similarity,

was aroused by the presence of the first. Dynamic factors such as those
designated by the words motive, tendency, purpose, impulse, are sought
for in every single instance, however minute, and no explanation is

regarded as adequate unless a factor of this kind is demonstrated. This
holds even with mental events, such as slips of the tongue and the like,

that previously were supposed to ‘happen’, without any ascertainable

reason, and certainly without any motivation. Yet the older views die

hard in some fields of work—for instance, in regard to dreams.
A through-going dynamic conception of mental events as essentially

the expressions of the interplay of various ‘ forces ’ leads to many important
consequences. One comes, in this way, to realize that a great number of
mental processes come about as compromise-formations, various oon-

fiioting forces having contributed to the end result. From the work of

clinical psychologists the extent to which conflict between opposing
tendencies takes place in the mind, and the importance of such conflicts,

is gradually becoming recognized. It is not simply a question of their

frequency. Far more important is the matter of their invisibility. There
are in fact extremely few expressions of the mind that are pure manifesta-

tions of a single impulse or trend. WJiat appear to be so mostly turn

6
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out on investigation to be either a compromise between two or more
opposing ones in the unconscious or else a defensive reaction on the part

of one trend against another, repressed one. In other words, man is

far less of a free agent than he thinks. Most of his activities, interests and
opinions proceed from unconscious sources, without his having any inkling

of the fact, and are—so to speak—forced on him. This applies even to the
more permanent attitudes of mind and character traits, which are usually
defences necessary to him as safeguards against repressed and feared

impulses. An interesting and important aspect of this knowledge is

that there is far less true thinking done than is generally imagined. Most
of what passes for thought is rather the fortifying of some prejudice or
opinion that is necessary to peace of mind or mental balance.

As befits a discipline of medical origin, the clinical attitude is close to

the biological one, and most clinical psychologists feel that one of the chief

goals of their work is to be able to state their mental data iQ biological

terms, i.e., in terms of the instincts. It has cleared the ground by showing
that a number ofsupposedly inborn instincts with which other psychologists
had operated are complex products, and so are capable of resolution into

more primary elements. In the second place, the analyses effected by
clinical psychologists, particularly by Freud, of the conative aspects of the
mind have revealed much of importance concerning the development,
manifold fate, and products of the instinctual side of mental life, and it is

reasonable to expect that further research along these lines will bring us
nearer to the ultimate sources of mental impulse.

This attitude of clinical psychology to the instinctual basis of mind is

in harmony with the changed attitude concerning man's place in nature
that was brought about by the biologists of the last century. It is in
short an extension of the evolutionary view of man into the sphere of the
mind, the sphere where, in spite ofsome tentative efforts of Darwin, those
biologists wei*o not yet able to apply the doctrine of evolution. The clinical

attitude thus represents a developmental view, not only ontogenetically
but also phylogenetically. The psychology of the ‘normal’, on tho other
hand retains much of tho philosophic basis given it when it was regarded
as being entirely distinct from the animals, and has never been truly
permeated by tho biological view.

Of tho unconscious I have already spoken. Tho discovery of its

contents and characteristic mechanisms constitute, not a more contribu-
tion to psychology, but a revolutionary change in psychology. One now
sees the mind afresh, not as a relatively smooth-working machine, but as
a complex of subtle defencOvS against the anxiety aroiisotl by the impinging
of primitive impulses on external reality, i.e., human relationsliips.

One of the disconcerting conclusions to which one is compelled by the
study of clinical psychology is that, strictly speaking, there is no such
thing as a mentally normal human being, i.e., one whoso mind has followed
a direct path of development. The so-called normal and abnormal mainly
represent different modes of reaction to fundamental difficulties in develop-
ment and adaptation. The fallacy of thinking that the ‘abnormal*, by
which 1 moan essentially tho neurotic, not of course mental defects from
organic origin—have anything to do with disease in the ordinary sense has
long boon exposed. There are moreover good reasons for thinking that the
path of development in the ‘normal* is much more tortuous and circuitous
than in the ‘ abnormal It may sound paradoxical, but I ventm*e to
predict that in a not far distant future psycho-pathology will constitute a
standard study of psychology, the basis from which the student will
proceed later to the more obscure and difficult study of the so-called normal.

There are two objective grounds why this prediction is a very safe one
to make. Investigations of the deeper layers of tho mind has shown that
the basic elements out of which our minds are developed persist with the
psycho-neurotic—in tho unconscious, it is true—^in their original form to
a much greater extent than they do with the normal, and further that they
present themselves in a magnified and perspicuous aspect as if imder a
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clear lens, so that from every point of view they are far more accessible
to examination there than with the normal. Funrianiental complexes,
drives and mechanisms, the effects of which radiate throughout the whole
mind, can be very plainly demonstrated in the psycho-neurotic when the
same processes can often be only dimly inferred in the ‘iiormar.

The second ground on which the prediction can be based is oven more
interesting. We know now-a-days that the reason why psychology has
lagged so extraordinarily behind all other branches of science is because
there exist in the mind- both, be it noted, of the subject and of the <jbject—^the most formidable obstacles which interpose themselves in the path of
any exploration designed to penetrate below the surface. Unlike any
other man of science, therefore, the psychologist is from the beginning to
a largo extent cut olf from the object of his study—-the human mind.
So far as our present experience goes, there is only one motive strong
enough to overcome them obstacles— that of wishing to be delivered of
suffering; even the keenest scientific curiosity offers only a very partial
substitute for this motive. Now in the history of the world the theme of
suffering has been the special concern of three classes of men: of poets, of
priests, and of physicians. Until recently it has boon tlie first of these
three, the poet, who has contributed most to our understanding of mental
suffering, and wo owe some of our most precious insight to his flashes of
genius. But ho is, after all, primarily concerned, not with the under-
standing of suffering, but with the transmuting of it into beauty or what-
ever else would raise it to another plane.

The priest’s interest, too, has been mainly therapeutic. Starting
with a vested interest in a particular cure, he has been chiefly engaged in
transmitting his cure to those in need. Nevertheless, the more profound
theologians have also furnished us with much knowledge concerning the
nature and sources of suffering. They have rightly led especial stress in

this connection on the importance of moral problems, notably on the
problem of sin—^now-a-days called the problem of the sense of guilt. The
physician likewise did not proceed very far so long as his attitude was a
purely therapeutic one, showing once more how the passion for

therapeutics—laudable as it is on humanitarian grounds—^has often proved
the bane of medicine and has blocked progress m real prevention and
cure based on knowledge. Those over-anxious to heal cannot pause to find

out how to do so. It was only when the desire to relievo suffering was
infused by the scientific thirst for knowledge that we began to have serious

insight, not only into the meaning of all this suffering, but—^what is still

more important—^into the dynamic factors that move both the depths and
the surface of our minds, in this achievement there is, in my opinion,
one man’s name that will for over bo pre-oininont, and that is the name of
Freud, now so condemned, but in tlie future to be honoured above all his

contemporaries

.

12. S. C. Mitka’s Further Remarks.

I have already communicated my views to the individual participants

of the symposium regarding the points raised by them in their respective

papers. I think it would be better for all, particularly those who have not
as yet taken part in the symposium and who would like to join m the
discussion that will presently follow, if the various issues raised be pre-

sented in a summarized form. This is what 1 propose to do now. 1 shall

also add some general remarks to the answers that t have already given.

1. The first point that I would like to refer to concerns normality
and abnormality. With regard to this, two questions have been raised:

(a) whether any distinction should at all be made between normal psycho-
logy and (6) if so, what should be the criterion for determining

normality and abnormality, (a) As to the first question, my view is

that in the present state of our knowledge the distinction between normal
and abnormal psychology must be maintained. I am quite prepared to
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admit that by dint of sndhana (yogic practices) a stage of purnajnana
(perfect knowledge) may be attmned in which differences disappear

altogether and contradictions ceiu^e to exist. It will readily be granted,

however, that such a stage of knowledge is not going to be within an easy

reach of average mortals like the majority of us in the immediate future.

It is not therefore unreasonable to assume that differences and distinctions

will continue to exist in this imperfect world of ours and consequently
normal psychology will continue to be differentiated from abnormal
psychology for a long time to come. How then should normality be
distinguished from abnormality ? This brings us to the second question,

viz., the question of the criterion, (b) In a paper read before the Indian
Psycho-analytical Society, Haiti gave us an admirable resume of all the
prevailing views about normality. He pointed out also that up till now
psycho-analysis has not attempted to set up any standard of its own for

determining the characteristics of nonnality. It seems, however, that
psycho-analysts as well as others have generally employed the social

criterion first explicitly formulated in language by Bose. In deciding
about the normality or otherwise of human conduct and behaviour, I

do not think any other standard but harmony with the prevailing social

ideals of the time and place will lead us anywhere. Taken in a broad sense

maladjustment beyond certain more or less arbitrarily specified limits

may be put down as the only useful criterion of abnormality. Even bodily
diseases can then be shown to be but cases of maladjustment between
organs and functions.

2. Another point which has been emphasized by many participants

is that all schools of normal and abnormal psychology have contributed
towards our understanding of mental phenomena. Some have gone into

details of different schools of psychology and psychiatry in order to point
out the contributions that have been made by them towards understanding
hmnan nature.

I am sorry that my article has created an impression that I consider
all schools of psychology besides psycho-analysis as worthless. It has never
been my intention to deny that other schools of psychology and psychiatry
have made valuable contributions towards the solution of psychological
problems. In fact, I myself have published papers expressing my views
and appreciation of some of the schools of psychology . 1 fully believe that
all the schools help us to understand many of the conditions of mental
events and the construction of the mental structure, but what I am inclmed
to thinlc is that the essential elements is missed by them all. I cannot do
better than quote in tliis coruiection the beautiful illustration given by
Freud himself. ‘Just suppose that on some dark night 1 am walking in a
lonely neighbourhood and am assaulted by a rogue who seizes iny watch
and money, whereupon, since 1 could not see the robber’s face clearly, I

make up complaint at the police-station in these words, “Loneliness and
darkness have just robbed me of my valuables The essential thing to
be done is of course to look about for the thief. That is, if I may say so,

what psycho-analysis docs while other schools of psychology concern
themselves mainly with the loneliness or the darkness or with the gestalt

lonehness-darkness. I purposely refrain from discussing the merits and
demerits of the various schools ofnormal psychology since as is pointed out
by Jamuna Prosad ‘the subject-matter of our discussion is not the contri-

butions of normal psychology to abnormal psychology but the reverse ’.

As regards the schools of psychiatry I don’t tliink that I shall be wrong
if I say that the improvement in the outlook and methods that is now
noticeable in them, is mainly due to the inffuence of psycho-analysis.
I repeat that I have not separately mentioned Jung, Adler and others*
contributions as I believe that valuable factual meterials of these researches
08 distinj^ished from the philosophy underlying them, have been incor-
porated in the psycho-analytical system.

^ Freud—IrOroductory Lectures on Psycho-analysis

^

p. 35.
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3. Now I come to the third point, viz., the so-called pan-sexualism of
Freud which, I notice, has been raised by only one of the participants.
I must admit that I was rather su^rised to find this old objection brought
out anew. The point has been discussed threadbare in psycho•anal3rtioal
literature and the erroneous conception about the term sexuality which
lies at the root of this objection has been fully exposed. To l)e shocked
at the term ‘polymorphous perverse* is perhaps an indication of intellectual
and cultural aristocracy and I cannot of course ask anyone to lose his sense
of respectability even if that means merely giving up untenable theories
and accepting what the logic of facts inevitably loads to. The present
objector belongs to the state described as the buffer-state between analysts
and their opponents and I follow the advice given by Freud by not entering
into polemics with him. Authority is certainly a valid method of proof
in many cases but in the face of the outstanding factual evidences collected
in a thoroughly scientific manner by distinguished and patient workers, I
shall be pardoned I hope, if I do not find my way to accept the opinion
of Stem quoted by him, and to reject unceremoniously like him the concept
of infantile sexuality.

4, The next point raised concerns Freud’s interpretation of art,

religion and other cultural products. It is only to draw attention to the
fact that in circles which are expected to be well informed, gross miscon-
ception about psycho-analysis still prevails that I have referred to this

point. I am glad to say that tlie majority of the participants who have
referred to this topic, realize the importance of the contributions made
by psycho-analysis towards understanding these cultural products. One
gentleman however the critic just referred to lias characterized Freud’s
theory regarding these as ‘masterpieces in the art- of systematizing phan-
tasies ’. In the first place 1 contend that pliantasies have an importance
of their own and have a legitimate place in the intellectual and practical

lives of men. Before the Taj had materialized in marble on the bank of
the Jamuna it had its ideal existence in the phantasies of the Great
Emperor. In the second place, I maintain that they have a due part to

play in the hypotheses of every science, even of such objective sciences as

physics and chemistry. The progress of science is but the gradual concrete

realization of phantasies. Lastly, I would point out that tho objector has
thoroughly failed to appreciate and has therefore completely ignored the
patient and painstaking investigations that lay at the l oot of those theories.

In one of his lectures P’reud saiil, ‘1 have oft-en had the impression that our
opponents wore unwilling to consider this source (viz., particularly dilficult,

intense and all-absorbing works) of our statements, as if they looked upon
them as ideas derived subjectively which anyone could dispute at his own
sweet will The lecture was delivered in 1917, It is to be regretted that

I have still to refer to this statement of Freud in 1 938. As the heart of a
frog that is decapitated, still continues its throbbings; old objections, it

seems, though robbe<i of their essential elements, still continue their

Iieriodic walking in and walking out of the stage. The audience is amused
at their persistent entrances and exits but is not inclined to take them
seriously.

It is not Freud and his followers alone who have detected the sox-

eloment in art. ‘During the ascent through tho animal kingdom an im-

portant displacement in the fundamentals of the procreative instinct has

taken place. The mass of the reproductive products with the uncertainty

of fertilization has more and more been replaced by a controlled impregna-

tion and an effective protection of the offspring. In this way part of the

energy required in the production of eggs and sperma has been transposed

into the creation of mechanism for allurement and for protection of the

young. Thus we discover the first instincts of art in animals used in the

service of the impulse of creation and limited to the breeding season . .

Freud—Introductory Lectures on Psycho-anatysia, p. 208.
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It can be a surprise only to those to whom the history of evolution is un-
known to find how few things there are really in human life which cannot be
reduced in the last analysis to the instinct of procreation.* The above is

a quotation not from any of Freud’s books but from the Psychology of the

Unconscious (p. 80) written by Jung whose theories because of their

freedom from the so-called sex bias seem to hold a greater sway over the
objector’s mind.

I do not understand why any botanist who has learned about the pro-
cess of fertilization, etc. of plants, should lose his power of appreciating
the beauties of flowers. Had there been any necessary connection between
scientific knowledge about the origin of things and power of appreciating
them, the physicians, I think who are intimately acquainted with the
anatomy and physiology of the human body, would have been the least sus-

ceptible to the charms of the feminine beauty. Experience, however, does
not confirm such an ungallant view about physicians. An ounce of re-

search work in the field of arts and sesthetics of the type undertaken by
Froud.i Jones,2 Sachs,3 Warburton Brown,^ Haidar® and others is certainly

worth more than a ton of moral denunciation by ameteur critics.

In his book The Origin of the Sense of Beauty (published in 1908),
Felix Clay says, ‘The emotion of sox is one of the emotions that plays a
highly important part in art feeling . . . Those who have renounced
love, and devoted their lives to religion or art, have still this powerful
instinct (sox instinct) acting as an impelling force, though it may take forms
in which the direct connection is difficult to trace . . There is an
exhilarating fascination in talking to or even seeing, a beautiful woman,
that is in a way not unlike the effect of a work of art ’.3 Herbert Spencer
who cannot certainly be assumed to have been spoiled by the Freudian
system of thought, pointed out ‘that the greater part of what we call beauty
in the organic world is in some way dependent upon the sexual relation

. . . It is interesting, too, to observe how the conception of human
beauty is in a considerable degree thus originated. And the trite observa-
tion that the element of beauty which grows out of the sexual relation is so
predominant in lesthotic product ... in music, in the drama, in
fiction, in poetry . . . gains a new meaning when we see how deep
down in organic nature this connection extends 'J I may also mention
here that in an experiment conducted by mo the surprising fact revealed
itself that even such simple experience as wsthetic preference for lines,

curves aird other forms was determined to a large extent by reference to
the human body.

The bringing into relation by Freud of such an ennobling cultural
product as religion with such a gross physical matter as sex has given
offence to the same participant. Besides referring to the observations
that I have made just now with regard to the criticisms of the psycho-
analytic theory of art. I may add that psycho-analysts are not the only
guilty and gullible persons who have been struck by the sexual significance
of many of the fonns of religious practices. In an excellent treatise,

Simpson Marr, a graduate in Divinity, has considered in details the relation

1 Freud—‘The Relation of the Poet to Day-dreaming,’ Collected
Papers, Vol. IV, pp. 173-83.

2 Jones—‘A Psycho-analytic Study of Hamlet,’ Essays in AppUed
Psycho-analysis, pp. 1-98.

3 Hans Sachs— Aesthetics and Psychology of the Artist,* Int, J, P„
Vol. II, pp. 94-100.

* J. Warburton Brown—^‘Psycho-analysis and Design in the Plastic
Arts,’ Int, J, F., Vol. X, pp. 5-28.

® R. Haidar—^‘The Working of im Unconscious Wish in the Creation
of Poetry and Drama,’ Int. J, P„ Vol. XII, pp. 188-205.

« Op, cit.f p. 101.
t H. Spencer—Principles of Biology^ Vol. II, p. 253.
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between sex and religion from various standpoints. He mentions that
William Blake considered religion to be merely tho corruption of sex.
D. L. Lawrence ‘bitterly attacked the Church and the clergy for the attitude
they adopted towards sex and perhaps driven to extreme ‘ by the narrow-
ness and futility of the Church with regard to this great theme he sought to
make of sex a new religion and he went so far as to say that the way to find
God was to find Him through woman’ .2 One of the noted writers and
critics of the modem times C. E. M. Joad who is perhaps further away from
psycho-analysis than our present objector, has in one of his books, discussed
at some length Freud’s theory of the origin of religion. After pointing out
where he differs from Freud he concludes ‘ with most of what they assert
I am largely, if not entirely, in agreement. I think that the interpretations
they give of the origin of religion in terms of the neotis which it fulfils,

and grounds of its appeals in terms of tho wishes that it rationalizes, are
in the main true ’.3

I refrain from quoting passages from otlior eminent thinkers of the agc%

like Bernard Shaw, Bertrand Russell, etc., who have appreciated the fact
what tho codes of religion are somehow intimately coimoc-ted with the ways
of sex. What the psycho-analysts have attempted to do is merely to make
a scientific study of this intimate connection and to elucidate tho points of
contract. In this attempt they have created a host of antagonists. Tho
opponents have taken every possible opportunity attacking the analysts
from their vantage ground of aristocracy and respectability. Unfor-
tunately their objections and rejections are not always based on an exami-
nation of tho materials and so even when they are convinced against
thoir will about tho truth of the psycho-analytical findings they still prefer

to cherish their old previous opinions. Even if the studies by eminent
anthropologists and antiquarians of the various forms, rites and customs
of religion of the primitive people be left out of account, an unbiassed
critical and historical study of the rise and development of any religion will,

I am sure, sufficiently make out a case for tho fact that sox is one of the

most important basis of religion and will thus corroborate the psycho-
analytical interpretation.

It has boon pointed out by Froud himself and many other writers on
several occasions before, that the objections of tho typo cited above to

infantile sexuality and to tho connection of sex with art, religion and other
products of culture generally arise from a misconception of what is meant
by sexuality in psycho-analytical literature. It is, of course, difficult to

give a precise meaning of the term ‘sexual*. In psycho-analysis, tho term
has got a wider connotation than the popular meaning of it. In popular
view sexuality moans something improper and something comioctod with
reproductive function- A little logical consideration together with psycho-
logical examination of collected facts will clearly convince anyone that this

view is an unnecessarily narrow conception. It is a cn^ciit to psycho-
analysis that it has restored to the word sexuality its true breadth of
meaning.

5. I shall now touch upon the question of anxiety and Oedipus
complex which have been raised. Says one of the participants ‘ credit must
be given to Froud for recognizing recently, this much at least, that Oedipus
complex lias passed away and does not exist in tho normals and great(»r

credit still for his more recent assertion even in regard to the neurotics,

that “ we shall have to abandon the universality of the dictum that the

Oedipus complex is the nucleus of the neurosis ”, * He rogmts that the

followers of Freud ‘still stick first to the old and abandoned ideas of their

le^er and are too slow to follow his pace of progress In reply, I think,

I must tot of all congratulate Freud for the felicitation that he has received

1 Marr—Sex in Religion^ p. 15.

3 im., p. 15.

3 Joad—The Present and Future of Religion, p. 124.
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from the participant. In the next place, I must admit, that I have not
been able to follow precisely what exactly is the point that has been
stressed so much and for which credit has been given to Freud. Bose's

recent studies seem to show that even in normal persons Oedipus complex
<loes not really pass away. Even accepting the ordinary meaning of

Freud’s statement ‘Oedipus complex has passed*, I do not think that

Freud thereby advises his followers to give up the conception of the

Oedipus complex altogether. When I say that the childhood of my
friend has passod, I certainly do not mean that his childhood never existed

and that like Sukdev of the Puranas he was bom a full ^own adult with
mature wisdom. Probably, like the world famous critic wiferred to by
Freud in his New Introductory Lectures on Psycho-analysis^ my friend

here is labouring under some misconception. The critic said to Freud,
‘I am only a literary man, and you are a man of science and discoverer.

But there is one thing I should like to say to you: I have never had any
sexual feeling for my mother*. Freud replied, ‘But there is^no need at

all for you to have been conscious of it, such processes are unconscious
in gro\m-up jicople ’. ‘Oh so, that’s your idea,’ said the critic greatly

relieved and pressed Freud’s hand. It is my hope that one day our
present objector as also many others like him, provided they patiently

pursue their study of psycho-analysis in the proper scientific way will

similarly feel greatly relieved and say, ‘Oh so, that’s their idea *. It must
be admitted also that changes have been recently introduced and modifi-

f^ations made in the system of ideas that were so long current regarding
the origin and states of anxiety. Here too we should not fall into the
error of supposing that all that have been said heretofore regarding anxiety
should be scrapped altogether and that we should have to start again with
a clean slate. In one of his latest books Inhibitions, Symptoms and-

Anxiety (published 1936) says Freud, ‘there is no need to 1k> discouraged
by these emendations in our theory. They are to be welcomed if they
do something towards furthering our knowledge, and they are no disgrace

to us so long as they enrich rather than invalidate our earlier views . . .

by limiting some statement, perhaps that was too general or by enlarging
some idea that was too narrowly formulated ’.i It will thus be seen that
neither the concept of the Oedipus complex nor the concept of anxiety
has been given up, rather both have received deeper significance.

6. I next come to the doubt that seems to be entertained by some
about the scientific nature of psycho-analysis. The theories of psycho-
analysis, they maintain, are not capable of being verified by laboratory
experiments and hence they hesitate to accept psycho-analysis as a
scientific discipline. I readily agree that experimentation in the above
sense is difficult to perform in the field of psycho-analysis. Maiti has shown
that though difficult it is not impossible to devise suitable laboratory
experiments in order to test the validity or otherwise of psycho-analytical
findings. I think, however, that laboratory test should not be considered
the only criterion of deciding about the scientific nature of a discipline.

Experiments are not possible in many of the recognized sciences, but
nobody denies their scientific character. Close systematic study of facts
patiently collected and minutely observed and logical treatment of the data,
these are the essential characteristics of a science. I am yet to find a
person who has gone through the writings of Freud and has not been struck
by, his patience in the collection of facts, his unprejudiced scrutiny of the
materials and the solid foundations of his theories. To depend on expe-
riments alone in estimating the scientific character of a branch of study
is to betray a form of intellectual weakness which has been very aptly
described by Franz Alexander. Referring to the modes and virtues of
modem research he notes the danger that confronts the scientific workers
of the present day. Says he, ‘This danger is not restricted to scientific

1 Op. ct^., p. 148.
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laboratories, it is a general problem of the present age. Man, the inventor
of the machine, has become the slave of the machine: and the scientist
in developing highly refined methods of investigation has become not
the m^tor but the slave of his laboratory equipm .... A naive
belief in the magic omnipotence of the technical procedure leads to a
routiiio, often sterile submersion in details without inhirest in or under-
standing of larger connections It is this attitude that loads many to
regard ‘suspiciously everything that entails reason and not merely observa-
tion* and to be, he continues, ‘ comtemptuous about theories, not to say
hypotheses, that are yet not proven. There is a naive adoration of “ pure
facts” which are collected without any loading ideas ’,2 So even though
psycho-analytical theories may not be subjected to the control of the
laboratory technique I do not consider that the scientific character of
psycho-analytic procedure is thereby prejudiced in any way.

7. A (hfficulty in the way of rapproaehment between psycho-analysis
and psychology has been pointed out specially by Maiti. Psychology
cannot easily give up the terms and concepts that it has arrived at by
the fruits of its labour for centuries and cannot readily assimilate the
new technical terms of psycho-analysis. I feel the difficulty to bo a real
one. A way should bo found to get over this difficulty. Perhaps con-
ferences and symposium discussions wdll be able to render help in this
respect, provided there bo no mutual suspicion between academic psycho-
logists on the one hand and the professed psycho-analysts on the other.

I am doubtful, however, as to whether symposium discnssions, as has
been suggested by another, will be able to decide about the tmth or other-
wise of a particular psycho-analytical theory, because I feel that in such
discussions moral and other extra-psychological considerations are likely

to create unnecessary obstructions.

8. I am surprised that psycho-analysis has been accused of doing
a positive disservice to psychology by introducing mechanistic conception.

On^ of the fundamental conceptions of psycho-analysis is dynamism and
»f psycho-analysis has rendered any service to psychology it is its emphasis
on the dynamic aspect of mind that should be given a pre-ominont place.

The nature of this dynamism has been very well expressed by another
participant who has said that before Freud there was no psychological
objectivity worth mentioning and that ‘objectivity in psychology is

achieved only when the object of psychological study is grasped as the

living Mind what lives on more than food, what shapes and uses the ins-

trument of its action and grasps all things of the world for the sweetness
thereof ’. If it be deterministic view of mind that is sought to be assailed

by the statement I have only to point out that determinism lies at the root

of all sciences and psycho-analysis cannot claim any conception.

9. Seeing that psycho-analysts explain the custom of burial as a
return to the mother’s womb, they have been challenged by one of the

participants to give a psycho-analytical explanation of the custom of
cremation. I frankly admit that I have no ready-made explanation to

satisfy him, neither do I know of any explanation of this custom in current

psycho-analytical literature. Them is no death of men of poetical and
fanciful imagination among psycho-analysts and if psycho-analytical
theories are nothing but systematization of phantasies it is rather curious

that no one has yet waved into a theory of cremation.

10. These are the main points that have been stressed in the sympo-
sium articles. Before concluding I would like to mention one other point

which concerns me personally. When the President of the Psychology

Section requested me to open the symposium, I confess that 1 felt nervous

because of the vastness of the tcuek that was entrusted to me. To en-

1 Alexander—^Introduction to Mortimer Adler’s work. What Man has

made of Man, p. ix.
2 Jdid., p. X.
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compass within a space of ten t3rpe-written pages all that can be said

about contribution of Abnormal Psychology to Normal Psychology is

certainly a difficult problem. After due consideration I thought that

it would be best under the circumstances to confine myself only to broad
general problems and to begin with a short introduction, briefly touching
upon the other prevailing schools of psychology. That is the reason
why I have not gone into details either of any school of psychology or of

any particular problem. My thesis was and still is that it is psycho-
analysis that metamorphosed academic psychology and has made the latter

a living science. I have tried to the best of my ability in the original

paper as also in my subsequent statements to present evidences for my
thesis. I may mention that in this effort of mine I have only attempted
to supplement what has already been given expression to by Bose in his

article on Psychology and Psychiatry (I. J P., Oct., 1931) and Haiti in his

Concept of the Unconscious in the Mental Processes (Pro. 4th Phil. Gong.,

1930, p. 341).

Observations by other Psychologists.

Lt.-Col. J. E. Dhunjibhoy’s reference to concrete oases proved highly
amusing os well as instructive. Dr. N. N. Sengupta and Dr. Indra Sen
emphasized the methodological aspect of the problem, while Prof. H. D.
Bhattacharyya stressed the social point of view in the determination of
normality. Dr. Purusottam referred to the contribution made by Prof.
Spearman. Dr, N. S. N. Sastry pointed out that ancient Indian Psycho-
logy recognized the importance of ‘Kama* in the mental life of man. Dr.
S. K. Moitra also drew attention to researches in ancient Indian Psychology,
Messrs. U. S. Gheba and S. P. Aranya and others took part in the debate.
The new points raised were answered by Dr. S. C. Mitra and the discussion
was finally summed up by Dr. G. Bose.

XIX. THE APPLICATION OF STATISTICS IN AGRI-
CULTURE.

{Section of Agriculture, in co-operation with the Indian
Statistical Conference.)

[No report of the discussion has been received.]

XX. RECENT ADVANCES IN MOLECULAR STRUC-
TURE PROM THE PHYSICO-CHEMICAL STAND-
POINT.

(Sections of Mathematics and Physics and Chemistry, in
co-operation with the Indian Physical Society.)

1. Dr. K. N. Mathitb, Lucknow.

Magnetism in relation to molecular structure.

2. Dr. Mata Prasad, Bombay.

X-Ray and molecular structure.



Part IV—Discmaions, 75

3. Dr. R. K. Asundi, Aligarh.

4. Dr. P. N. Sen-Gtjpta, Kohlapur.

6.

Dr. H. K. Trivedi, New Delhi.

6. Dr. D. M. Bose* Calcutta.

7. Dr. K. S. Krishnan, Calcutta.

8. Dr. S. N. Bose, Dacca.

[No report of the discussions has been received.]

XXI. THE POSITION OF ENTOMOLOGY IN THE
INDIAN UNIVERSITIES.

(Sections of Zoology and Entomology,)

A joint discussion on ‘The position of Entomology in the Indian
Universities’ of the sections of Zoology and Entomology was held in the
Zoology section (Chemistry Room 1, Presidency College, Calcutta) on
January 7, 1938, at 11 a.m, under the chairmanship of Prof. G. D. Hale
Carpenter, Oxford.

1. Mr. M. Sharif, Aligarh.

The importance of Entomology to Agriculture, Medicine, Veterinary
and Forestry, and the rapid advance that has taken place during the
past 30 years reveals a changed outlook. 3t is desirable that the teach-
ing of Entomology should be jdaced on sound footings. Separate
Departments of Entomology independent of Zoology should be started
in the Universities. Entomology should be given an equal status with
Zoology and Botany. It is, however, essential that an advanced student
in Entomology has a good foundation of Zoology but if the Departments
of Entomology are not separated from Zoology, then there is danger
of Entomology being ignored, as is happening to-day in the Indian
Universities.

2. Mr. Duroadas Mukerji, Calcutta.

Insects play a veiy important rdle in the life of an agricultural and
tropical country : (i) in health, (ii) in agriculture as pests of crops, etc, and
in pollination of flowers, (iii) in cottage industries—sericulture, apiculture

and lac.

Besides, Entomology presents scope for problems of wide scientific

interest—adaptation, colouration, mimicry, genetics, etc. etc.

The vastness of this science necessitates its study as a full subject.

India offers problems of applied vahie which require trained Entomolo-
igists to study. Entomology should be Included as a special subject at

the post-graduate stage of the Zoolo^ course.

At present provision for teaching and research in advanced Ento-
mology in Indian Universities is meagre.

Agricultural Institutions should not be burdened with the teaching

of advanced Entomology, which should be the duty of the Universities.

Go-operation between Universities and Agricultural and Medical

Institutes is necessary for the teaching of advanced Entomology.
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3. De. D. P. Raichoudhuey, Calcutta.

As compared to the Universities in Europe, America and Japan
the position of Entomology in the Indian Universities is disappointing.
Applied Entomology has an important bearing on improvement of
agriculture in India.

Separate Entomological Departments should be established in
Universities and senior Zoology students taught advanced Entomology
with particular reference to applied Entomology.

Encouragement should be given to teachers and students to take up
Entomological investigations.

Special attention should be paid to problems connected with
sericulture, apiculture, lac industry and insect pests of fruit, vegetables,
stored products, timber and tobacco. Business men connected with these
industries should be brought into closer contact with the Universities for

mutual help.

4. De. Hem Singh Peuthi, New Delhi.

The present position of Entomology in Indian Universities and
courses in Agricultural College. Post-graduate training at the Imperial
Agricultural Research Institute and elsewhere. Difficulties in finding
students with adequate fundamental knowledge of the science of
Entomology. Post-war development of Entomology in European and
American Universities. Place of Entomology in a Zoology course for the
degree examination and in post-graduate work. Need for trained
Entomologists. Scholarship for post-graduate training—^Indian Central
Cotton Committee, the Imperial Council of Agricultural Research and
Universities to provide these.

5. De. P. Senioe-White.

I am only intervening in this discussion of teachers of this subject,
because T liave under mo about a dozen posts in what is really no more
than applied Entomology. When I started, ai) initio the Malaria Section
of the Medical Department of my Railway, the finding of subordinat^e
staff presented groat difficulties. Naturally, I started with the qualified

Sanitary Inspector, I found, in this country, that his knowledge of
Entomology from his course consisted in telling an Anopheline from a
Culicine larva. He could not use a dichotomic key and has no familiarity
with a microscope. [All malaria control under me is strictly by species
and involves larval and adult identification ....]! then tried the
Sub. Asst. Surgeon, and found him equally ignorant in all those aspects.
Gradually other types of applicants approached. The B.Sc. (Agric. or
Zoology) can use a microscope, and a key, and quickly learn the common
forms of culicid systematically on which malaria control is founded. I am
now giving preference to applicants so qualified.

But, malaria control is not pure Entomology. It involves some
acquaintance with Botany and other Sciences, involved in Ecology, which
would not be available if a man has specialized throughout his University
career in Entomology only. I therefore suggest that a basic training in
general zoology, prior to specialization in Entomology, should not bo
departed from. But, as training in Malariology at Kamal, Shillong, is

confined to those with a medical qualification, I would urge that some
Indian University make a similar course to Kamal available to the Zoolo*
gist.

6. PEor, B. K. Das, Hyderabad.

Entomology is a growing science and is of utmost importance to the
national welfare of India. It should be taught as special subject in the
Post-Graduate classes in the Universities. Where there is a department
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of Zoology a Reader or a Lecturer in Entomology should be appointed

—

in a word, it should be a sx)eeial part Zoology.

7. Du. S. Pbadhan, Lucknow.

The importance of Entomological studios is undoubtablo, uiKpiostion-
ablo and immensely great and any amount of repeated stress on this point
is not out of place.

Entomolotjif as part of Zoology Course:—In the study of zoology we
have to do equal justice to the whole of the animal kingdom and the
animal kingdom consists of so many phyla and each phylum consists of
so many classes ; thus out of a very large number of classes the class Insecta
is only one. The student of Zoology, therefore, can afford to devote a
negligibly small portion of his time and energy to the stiuiy of ln8(3cts, as
from thepvu^ knowledge^ point of view all classes are regarded of equal
status and some times a single genus like Peripatus constituting a 8eparatt>

class is given more atttmtion than the whole of the insect world. 1 1 is there-
fore absolutely impossible to do full justice to Entomology until and unless
it is raised to an equal status to the rest of zoology. As a justification

for this suggestion reference may be made to the study of Metcalf and
Flint (Destructive and Useful Insects) which graphically shows that the
number of the known spocit^s of insocts is many times larger than the
total number of the rest of the species of the animal kingdom. Even
from the purely acatlemic- point of view, therefore, it should not be regarded
as being unjustified to demand an equal status for Entomology.

The Attitude of the Universities :

—

^The next question is as to what
attitude the Universities should adopt under the present circunistancos.

1 .0 . so long as Entomology is not raised to an independent equal status

duo to financial and other difficulties. In this coniv'ctiou I may refer

to the practice followed at Lucknow. In this University, the provision

is such that if a student decides in time to specialize in Entomology
(also in other groups) he is allowed one full year, after the Honours course
t o devote exclusively to the study of insects. In this year he is expected
to specialize in insects for the M.Sc. degree, i.e. to make a general stuily

of the various aspects of Entomology and thus to prepare himself for a
more intensive work in any particular problem. As to how far this practice

is beneficial or otherwise this distinguished gathering can best- decide,

but as a student of the same system I may give my evidence that this

is very useful practice. To bo allowed to devote one full year to general
Entomology before confining Uy any particular problem is very useful

from the student point of view, and if the other Universities encourage
this practice they will be doing their duty at least in some measure, to this

important science of Entomology.
Difficulties in Entomological Studies:—It is an absolutely established

fact that duo to the absence of refer©nc*e collections, Taxonomic work is

an utter impossibility in most of the Indian Universities. The best way
in which the Universities can serve this important science is by contri-

buting morphological and physiological studies on the various groups

of insocts. Intensive morphological studies can prove of great help in

determining the economic value of insects. The importance of the study

of mouth par<;8 has long been recognized in Economic Entomology, and
the historical and physiological studies of the insect gut promise valuable

results for the use of economic entomologist. The gulf, as a matter of

fact, between the academic and applied aspects of Entomology is lesser

than the gulf between pure and applied aspects of other sciences. It is

therefore desirable that the Univereities and research institutions should

join hands and march to a common end. There should be only a simple

division of labour so that pure Entomology may be tackled at the Univer-

sities and applied aspects at the research institutions.

8. Pbof. G. Matthai, Db. Ayyab and a number of speakers felt

the necessity of strengthening the teaching of Entomology in the Indian
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Universities and the desirability of introducing the subject in our Uni-
versities.

9. Principal Afzal Hussain, Lyallpore, moved the following

resolution in the full session, seconded by Mr. Mukherji, Calcutta.

‘That on account of the growing importance of Entomology fuller

facilities for the teaching of Entomology should be provided by the
Indian Universities.’

The resolution was carried imanimously.

XXII. BIOLOGICAL CONTROL OF INSECT PESTS.

(Sections of Entomology and Agriculture,)

A joint discussion on ‘Biological control of Insect pests* of Sections

of Entomology, Zoology and Agriculture was held in the Zoology room
(Chemistry Room I, Presidency College, Calcutta) on January 4, 1938,
at 1-30 P.M. under the chairman^p of Prof. P. A. Buxton, London.

1. Mr. Dubgadas Mukebji, Calcutta, opened the discussion.

Under Indian conditions only cheap methods of insect control,

which do not demand any special skill or knowledge on the part of
the farmer, have any such chance of success. Biological control of
insect pests satisfies the above conditions. Possibilities of biological

control in India: A number of parasites of insect pests occur in this

coimtry in different parts, some of these have been profitably employed
by American and Australian fruit growers. Before biological control

can be attempted a thorough knowledge of parasites is essential.

A Central Biological Control Research Laboratory should be estab-
lished to collect data, prepare reports and lists of natural enemies of
insect pests and to breed such useful insects and distribute thorn among
the cultivators. This organization should also carry out investigations
on the principle of biological control, and study the bionomics of
parasites and their ecology. Universities specializing in Entomology
should institute scholarships for the purpose.

Research work should be conducted to raise disease-resistant
varieties and to study the incidence of pests in relation to soil conditions.

2. Dr. P. Sen, Calcutta.

The success of biological control of insect pests depends on accurate
knowledge of the ecological factors which govern an insect outbreak.
Insects may be controlled biologically through their parasites, by some
physiological or physico-chemical changes in their environments, or by
producing immunity in their hosts. The methods naturally vary in
different spheres of applied Entomology. In the domain of medical
Entomology biological control of anophelines through fish have given
very confusing results. The fish do not appear to be very useful in
reducing the anophelino fauna under natural conditions in Bengal. On
the other hand by disturbing the nitrogen cycle of the soil and its sal^e
contents a change in the fkuna of a breeding place may be brought
about and a natural control of a noxious species effected. By control-
ling the food factors of anophelines through some changes in the flora in
their habitat, control of particular species may be effected. Success
of control through parasites depends on the determination of the true
nature of the parasite to be used. Superficial knowledge is of no use.
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For instance Eurotoma saliciperdce, a chalcid long regarded as a parcksite
of the cecidomyid midge Rhahdophaga saliciperda has been found to be
nothing more than an inquiline. Several other instances of the same
type may be cited.

It is only after careful prolonged researches that biological control
can be placed on a sound footing.

3. Mr. S. N. Gupta, Ranchi.

A selective sequence of parasites and predators, which will attack
the injurious insect in different stages of its development, so that the
component members of this sequence will act in harmony, is essential to
effect a successful control. Further the parasite should bo capable of
outnumbering its host, there should be a higher percentage of females in
its progeny, greater number of generations and ability to locate and
attack the host. It should bo specific whore the host has overlapping
generations and polyphagus where there are no overlapping of genera-
tions or when other factors render the particular stage of the host not
easily available.

The importance of predators or parasites as biological control to
a certain injurious insect depends on a large number of factors, but
where available, predators are more important and effective than
parasites.

Artificial (mechanical, physical or chemical) and biological control
measures are supplemontary to each other rather than incompatible.

4 Dr. Hem Stngii Prutht, Now Delhi.

The employment of parasites as a means of combating pests is

undoubtedly tlio ideal method when successful. A large number of
entomological workers in diffemnt countries are engaged in studying this

m<^thotl. in some cases success has crowned their efforts. In several cases
attempts have been made rather prematurely without proper study.
The first and foremost requisite is a critical ecological study of the host
and parasite in the laboratory and in the field. The influence of different

environmental factors on the fecundity and longevity of the pest and
parasite must be ascertained, the vital limits established, the rate of
development and mortality of the different pro-imaginal stages under
different conditions investigated. It would then be possible to ascertain
the comparative or differential effects of environinent/al factors on the
host and its parasite and to take advantage of conditions which are
favourable to the parasite but unfavourable to the host.

Successful cases of biological control belong to the category of
introduced parasites and when optimum environmental requirements
have been obtained in the new country. It will be of little use to attempt
the introduction of a parasite into a coimtry with a climate very different

from that prevailing in the insects’ original home. Moreover, before

attempting such introduction the potentialities and possibilities of the
insect as a pest of any crop plant and its reactions on other useful

parasites must bo worked out.

It is a fact that no outstanding successful case of biological control

can be cited from continental regions, but this should not deter workers in

India from exploring the possibilities. There are important physical and
climatic factors and extensive mountain and desert bolts which act as

fairly effective insect barriers dividing India into zones, each with its

typical insect fauna, very much like the islands or insular regions where
successes by biological control have been obtained.

With indigenous parasites, in spite of mass-multiplication and
liberation, little success has been achieved. It is argued that although

the population of an indigenous parasite in nature may be low the total

number in a locality is far too high to be appreciably affected even by
apparently large subsequent liberations. This is not always true. There
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are cases in which an adverse season seriously reduces the parasite
population without afTecting the host to the same extent. Therefore the
parasites come into prominence very late in the seasonal activity of the
host in nature. The numbers of a parasite in the beginning of the
competition cycle may materially help the parasite to get a good start,

and mass collection of the parasite during its abundance and helping it to
pass unfavourable season either under artificial optimum conditions or at
a temperature low enough to arrest its development without impairing
viability, may help.

5. P. N. Krishna Ayyar, Coimbatore.

Some, aspects of Biological Control.

Possibilities of biological control particularly in respect of an in-

digenous insect like Pemphers affinis Frh, the cotton stem weevil of
South India. I have been actually engaged in exploring the possibilities

of the biological control of this weevil borer for the last two years and 1

wish to narrate my experience and methods of tackling the problem so as
to prove that this method, though based on sound principles, is not so
easy as is often represented. It requires great cam and technical skill.

There are many factors to be studied which are unknown.—We have to

know all about the pest and parasites and their ecological complex of
factors. Concerning the pest, it has to be ascertained whether the
pest is an introduced one or indigenous for the methods differ in the two
cases. As most successful cases of biological control are found in cases

of imported pests, there arises the question whether native pests can be
successfully tackled by this method. As Thompson says this method is

imiversally applicable under favourable conditions. An instance to
prove this may bo taken from leap .... beetle of coconut in Fiji.

In the case of a native insect the same principles as those of an introduced
pest hold good. Only instead of finding the original homo of the im-
ported pest we have to find out the original habitat of the native pest.

From its original habitat the natural enemies may be brought and intro-

duced in cultivated areas. My search has proved that in the case of this

weevil its original habitat is not probably cotton but some wild plant.

I have also obtained a few parasites which are absent in cultivated areas.
It remains to be seen whether these parasites will establish and accom-
modate themselves in cotton fields.

6. S. PiiADHAN, Lucknow.

In Biological control effort is generally made to find out some predator
or parasite which directly and immediately attacks the insect which it

is desired to control. In this effort a lot of energy is spent, and when
a suitable predator or parasite is not found locally, effort is made (often
with failure) to transport a suitable controlling agent from other parts
of the world. May I put forwOTd my belief that much success may be
obtained if energy is concentrated on an intensive study of local Biology
specially the rektion of one living being to another in a certain area.
This study is sure to reveal what may be called the Local Balance Cycles
in which one living being is dependent on the other. After such balance
cycles are ascertained it will be easy to spot out the weakest point in the
cycle whence it is easiest to disturb the balance and thus to control a
particular insect pest.

7. Db. T. V. R. Ayyar, Madras.

1 referred to my paper on this subject read at the Benares Session
of the Congress in 1925. Having no time to speak on all the salient
points 1 referred to the following as the most important points in this
matter.
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(i) A thorough and systematic and bionomio study and survey of the
-entomophagous insects of India so as to know what are the forms we have
in India at present.

(ii) The importance of various kinds of parasites and complexes
coimeotod with insect pests so as to eliminate the injurious from biological
forms. This required a good deal of artificial broedmg and careful release
of the beneficial forms.

A slide of the NepharUis caterpillar complex was exhibited to show
this difficult aspect of parasitism.

I then referred to same work in India in connection with the cotton
boll worm the coccid loryx recently introduced in S. India and then on
the work done in Madras on the coconut caterpillar Nephantia, I con-
cluded by saying that, though the method is really very tempting and easy
if succcaafvl the method is not so very easy as many of us wish to think
it to be. As I said before a good deal of careful work has to be done. 1

also exhibited a slido of the ofificient prickly pear cochineal which was
used in S. India extensively with great success. I concluded by warning
entomologists and agriculturists that tho method though very desirable

and efficient is not such an easy method to accomplish.

8. PiiOF. G. H. CA.RPENTOB, Oxford, remarked that how in Africa
in case of Tsetse flies by changing the environmental conditions the pests
can be brought into a check.

XXIII. ANIMALS AND THEIR DISEASES IN
RELATION TO MAN.

(Sections of Medical Research, Veterinary Research, and
Physiology,)

Proipessob Sib Fredbbick Hobday, London.

In Lidia as well as in England there are certain diseases of animals
and man which are of mutual interest to the medical man and the
veterinarian, whether on account of their analogies or their difierences,
or by reason of tho fact that they are contagious from animals to man,
or vice versa ; and it is not wise for either branch of medicine, nor yet
for our mutual patients, for us to work in watertight compartments.
It is better from every point of view that we work in collaboration.
Some diseases, such as cancer, tuberculosis, anthrax, and tetanus we
attack respectively in somewhat different ways ; whilst others, such as
glanders, rabies, foot-and-mouth disease, mange, and ringworm, can
only bo effectively dealt with by definite collaboration between medical
men and veterinarians. There are others in which as yet there has been
no effectual attempt at collaboration. Such ailments as common catarrh
and the influenzas can bo dealt with to mutual advantage from a com-
parative aspect, as can more complicated ailments such as Hodgkin’s
disease, and such common ailments as rheumatism and fibrositis. An
exchange of ideas as to the symptoms, methods of spread, etc. in our
various patients is of undoubted help towards elucidation. In veterinary
medicine, equally with the human side, the study of collateral branches
of science, such as entomology or parasitology, is of material help, and
in teaching colleges, as in hospitals, a knowledge of the life-histories of
the various flies and insects which act as carriers or transmitters of
parasites is as essential to tho veterinary student as to his medical oon-
frdre. In the clinical world, too, we have many points in common, for

6
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our animal patients suffer from gastritis, indigestion, colic, internal

parasites, colitis, swallowing of foreign bodies, and various forms of
pneumonia and heart disease, to the same extent as human patienta

do, and our veterinary treatments are similar in principle to those in

human practice. The veterinarian has, however, a greater variety of

internal arrangements to deal with, having to take into account whether
his patient is herbivorous or carnivorous ; or whether, as is the case in

man, it will eat anything and everything which it has an opportunity

of eating. Some of our patients have only one stomach, whereas-

others have four—while the camel stands by itself in having three—^so

that their respective digestive processes vary very much in detail.

I feel sure that when a number of these diseases, both epidemic
and otherwise, are studied from this point of view, we shall be able to

advance more quickly and find many new ideas and theories, which up
to the present have not been thought of. It is not only in Great Britain

that diseases may be studied in this way, for those who live in the tropics

Jiave also plenty of opportunity for following up comparative medicine.

The different effects which various foods have on man and animals also

form a good illustration. For example, the flour of certain forms of
Indian pea has a nerve-paralyzing effect not only on tho natives continu-

ally fed on it but also on horses, producing laryngeal paralysis which causes
dyspnoea on the slightest exertion. Again in entomology, in the

study of the life-histories of the various flies and insects which act as

carriers and transmitters of disease-germs or blood-parasites, tho
knowledge acquired by collaboration is of mutual benefit in epidemiology,
not only in the diseases transmitted from animal to animal but in those
transmitted from animal to man. In the short time now at my disposal

I shall confine myself to a selection of a few diseases concerned with
Public Health, which are communicable from animals to man, in tho
treatment of which the practitioner of human medicine can obtain material
help from collaboration with his veterinary confrere.

Glanders,

This is primarily a disease of the hors etribe, and aflects horses,

asses, and mules. Its cause—the Bacillus mallei—is an extremely
dangerous organism to work with in tho laboratory. The disease is one
which is most commonly met with amongst stable-workers and those
who come in contact with horses, and a man can bo readily infected by
the discharge from the nostrils of an infected horse or even by handling
the brushes, sponges, or stable-cloths, which have been in contact with
a glandored horse. In the South African war it accounted ior the deaths
of many thousands of our Army horses, and indeed in all wars it has been
the bugbear for which the Army veterinary officer must always be on
the look-out.

It is so insidious that, until it has been present in the system for
a certain length of time, its presence may remain unsuspected. Modem
veterinary science has now, however, at its command a method by which
the presence of glanders can be ascertained, for by the introduction of
a few drops of mallein (a special preparation made from the Bacillus
tnallei itself) tho skilled veterinarian can make a diagnosis with certainty
within forty-eight hours, even if the animal is infected only in the slightest
degree. During the Great War, by means of this test, applied by the
officers of the Royal Army Veterinary Corps, glanders was entirely
eradicated from the horses and mules of the British Army, and it has
been applied so successfully in Great Britain that at the present time
the di^ase has absolutely ceased to exist. This means that not only
has it b^n eliminated from the list of ailments which the veterinary
surgeon is called upon to diagnose, but it has also been eliminated from
the list of diseases in man ; and in an island country like Great Britain
so long as the present regulations of the Veterinary Department of tibe*
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Ministry of Agriculture and Fisheries are kept in operation the country
will bo free from this terrible affection. In India I understand that it is

still a problem to be dealt with, but of this I hope to hear something in
the discussion.

Rabies.

This disease has not been mot with m man in England for more than
thirty years, and it can never appear again as an epidemic in this country,
so long as control is kept upon the importation of animals of the dog
and cat tribe. The primary cause of rabies in man is the contact of an
abraded surface of the body with the saliva of a rabid animal, and
whether the infected animal is a horse, a sheep, or any other animal,
it has always had its primary origin m a rabid dog and cat. The
Muzzling Order succooded in eradicating the disease from Great Britain,
and it then remained for the Veterinary Advisers to the Ministry of
Agriculture and Fisheries to take steps to see that it was not reintroduced
into the country. This explains the present quai’antme regulations
imposed on all dogs and cats admitted from countries where rabies exists.

The absence of the disease is further proof of the value of the collaboration
between the forces of the veterinarian and the medical man m the cause
of Public Health. In India you are much more heavily handicapped
than we are in England, especially on account of the numbers of pariah
dogs, over which, i understand, it is diflicult to obtain control.

Anthrax.

This condition is, I understand, even more prevalent in India than
in England, and is particularly met witli m cattle, horses, sheep and
pigs ; the dog, cat and fowl possess a comparatively high power of resist-

ance to the infection. It is a disease which is always serious and, in

animals, invariably results in death. In cattle, especially, death is very
sudden, and in Great Britain the Government has imposed laws and
regulations which provide that the body must be cremated as near as
possible to the place where the animal died. It is forbidden, too, in

any way to cut the carcase, for on many occasions those making, or
assisting at, the post-mortem have become infected and have died in

consequence. In cities and towns in England where wool from foreign
countries is handled, disinfection is compulsorily adopted, with satis-

factory results. If this practice could also be efficiently adopted in the
case of hides, bone manure and other animal products, before they are
imported into this country, the number of deaths from anthrax in man
and animal would diminish considerably. Cotton, linseed, and other
cattle-food cakes come into the same category. Once eradicate anthrax
from the animal and animal products and eradication from man would
automatically follow. Anthrax is primarily a disease for the Veterinary
Surgeon, as it always originates from some product obtained or used
by an animal.

Foot-and-mouth Disease.

This disease has at times, in the daily Press, provoked a good deal

of unwarranted criticism directed against the Veterinary Advisers to

the Ministry of Agriculture and Fisheries, yet there is no doubt that,

in England, they have adhered to the correct policy (that of ‘ Stamping

out ’). We have much upon which to congratulate ourselves when we
compare our position with that of other European countries. The cost

of Holland, France, Belgium, Denmark, and Germany, amounts to

tremendous sums each year, and these countries never get any further

forward in the matter, having the disease always endenuo. The fact

that we are an island is of incalculable value to our Mimstry of Agri-

culture, whose responsibility it is to frame the laws which control the

importation of from any country from which infection may bo

brought.
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The foUowing statistical table, showing the respective numbers of
outbreaks in other European countries during 1934, is convincing
evidence ;

—

Month
Great
Britain

France Germany Holland Belgium

January .

.

1 1,074 113 579 329
February .

.

. .
— 652 80 214 168

March . .
— 613 73 106 102

April . .
— 287 no 59 81

May 1 1.35 48 61 40
June — 146 56 132 36
July — 98 27 459 19

August 3 92 40 1,391 16

September 4 21 19 3,120 20
October 24 15 14 2,880 9
November 28 3 16 48 1,173

December 18 28 32 230 20

The public should think what a terrible disaster it would mean to

a small confined country like England if the disease were allowed to spread,

with the fact that milk from cattle affected with foot-and-mouth disease

must not on any account be consumed by children or invalids, or be
given to goats, pigs, or any other animal.

In India I understand it is always more or less with you but in a
much milder form than we get it in Europe and that conditions necessitate

curative and prophylactic treatment.

Tuherculoaia,

This is pre-eminently a disease which illustrates the value of collabo-

ration between the medical man and the veterinarian in the cause of
Public Health. No variety of domesticated animal is immune to tuber-
culosis, although some are more susceptible than others. The goat,

the sheep, and the horse are probably the least affected, but oven in

these it is only a question of dogi*ee, and there is no actual immunity
when they are placed under conditions favourable for infection. Birds,

especially poultry, are frequently affected, and whenever the disease
appears amongst them tho whole flock may have to be destroyed before

it is eradicated.

It is a disease which tho practising veterinarian meets with most
commonly in cattle, and there are about a million tuberculous cattle in
Great Britain at the present time. These are not all dairy cattle, but
it is in these that the danger lies for man, as it is well known that at least

40%—and, in some districts, 60%—of them are affected.

At one of the National Milk Conferences Dr. Stanley Griffith, in
a paper on ‘ Bovine tuberculosis and its relation to man gave some
statistics which wont to prove more than ever the necessity for medical
practitioners and veterinarians to pull together. In an investigation
of 1,200 cases of tuberculosis he had foimd that ST6% of infections with
tuberculosis of the cervical glands, in children up to the age of 5, were
bovine ; and similarly 6r3% of those between 6 and 10 years ; 37’9%
of those between 10 and 16 years ; and 25% of those of 16 years and
over. Of 476 cases of bone-and-joint tuberculosis 28*7% of those under
6 years were of bovine origin ; 23*1% of those between 6 and 10 years ;

9*6% of those between 10 and 16 years ; and 6*4% of those of 16 years
and over. Of 126 cases of lupus : 69% of those under 6 years ; 42*6%
of those between 5 and 10 years ; 60% of those between 10 and 16 years ;

and 17*6% of those of 16 years and over were of bovine origin. The
some medical scientist estimates that tuberculosis contracted through
the consumption of cow’s milk causes approximately 3,000 deaths in
young children every year. As all these infections are caused by drinking
the milk of cows suffering from tuberculosis of the milk glands, it is hoped



Part IV—Discussions. 85

that the new regulations of the Live Stock Industry Bill which came
into active operation in January 1937 will, so far as Great Britain is

concerned, have the effect of eliminating, in a groat measure, the chances
of infection from the cow to man.

Although only about 1% of dairy cattle are affected in the udder,
and until the infection has reached this organ the milk does not necessarily
contain tubercle bacilli, an infected cow is always a possible source of
danger, for one can never tell exactly when the udder tissues will become
infected and the milk a source of definite and terrible danger to the
children to whom it is given.

Pasteurization, undoubtedly, offers some safeguard, but it is gener-
ally admitted that some of the valuable properties which raw milk
possesses are lost during this process, and there can be no doubt that the
best solution of the prevention of infection lies in the endeavour to obtain
an absence of the tubercle bacilli at the source of supjily —i.e. the dairy
herd. That this can bo accomplished, if pecuniary and other necessary
adjuncts are available, has been proved by actual experiments, and
America has been especially go-ahoad in her endeavours to form accredit-
ed herds. In that country whole districts have been cleared, and the
most stringent laws are enforced in order to prevent reinfection by tlie

entrance of tuberculous beasts into these areas.

In Great Britain progress in this direction has been slow, as the
British public, although not unmindful of the advantages of tuberculosis-
free milk, is not willing, as a body, to pay an extra price for this guarantee.
Dairymen who have gone to the exjiense and trouble of clearing their

herds hav’^e not receiv ed tlie encouragement they deseivo either from the
general public or from the hospitals an<l medical pra(‘titioners. These
last, in particular, might do a very great deal more than tlu^y are doing
to assist in educating the housewives and mothers of young children
as to the dangers of tuberculous milk, by urging upon them the necessity

for demanding a clean milk supply, i.e. one from tuberculin-tested cows.
This matter is now being seriously taken in hand, and a Veterinary

State Soiwice is being formed, with a staff* of whole-time men whose
duties consist mainly of inspeidion of dairy cattle with a vnew to the
formation of tuberculosis-free herds. A clinical inspection is made of
the udders periodically, usually four times a year, and for the owner
who wishes to ensure that his herd is completely free from tuberculosis

the cows are tested with tuberculin—of which we now hav'o a synthetic

variety—and by the intraderrnal method which forms a much more deli-

cate test than the former subcutaneous method. Wo have reason to

hope that this newly formed Veterinary State Service is thoroughly
justifying its existence and that it wdll prov’e of benefit not only to human
beings, by getting rid of a source of tuberculous milk, but also to the

dairyman and the agriculturist, by w'eeding out from his herds tubercu-
lous cattle whose presence is always a source of danger. It is a common
observation that the herds from which tuberculosis has been eliminated

are much more resistant to other ailments—the services of the v^eterinory

surgeon being less in demand than when this disease existed.

Mange,

Mange of the horse is now dealt with in all parts of Groat Britain

and is compulsorily notifiable under a Mange Order issued from the

Ministry of Agriculture and Fisheries. Its spread has been effectually

checked, and although it is not yet completely eradicated, the number
of cases in the horse is now extraordinarily small. It is, however, to the

domestic pets, especially the dog and cat that attention should be drawn,

for it is quite an easy matter for a pet dog to transmit the parasite of

mange from itself to its owner. An itchy dog should, therefom, always

be regarded with suspicion, and the pernicious habit of allowing a dog

to sleep in bed with a human being should be emphatically discouraged.
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A dog with mange, especially in hot weather, or when its body becomes
heated by lying in front of the fire (or sleeping on an eiderdown or

blanket), will be continually scratching, especially in the region of the

armpits and under the thighs, where the body is hot and the hair is thin.

If no treatment is adopted, the dog will break out in sores, the hair will

fall off, and the animal will presently smell very offensively and become
covered with scabs. If allowed to come into contact with any part of
the human body for more than a few minutes, it is quite an easy matter
for the parasite to transfer itself to its human host, and it may remain
for a considerable number of days, or even weeks, until it has finished its

life-history. During this time it will give rise to a great deal of irritation

and discomfort, which could easily have been prevented had the owner
of the dog sought veterinary advice.

There are numbers of other diseases in which it is of value to the
Public Health seivice that in the fight for their eradication the human
physician and the veterinarian should collaborate, for the pktionts of
each are equally attacked. Cancer may be taken as a type. This
dreaded disease is recognized in such veterinary patients as horses, cattle,

dogs, cats, and even fish, and many of the theories which research workers
form, if their observations are concentrated on man alone, may at once
be seen to be erroneous upon comparing notes with veterinary patho-
logists, whose lives bring them in contact with the comparative aspect.

In foreign countries this has been for a long time recognized, and their

governments have granted liberal funds for research into the problems
of animal diseases and their relation to Public Health, finding it a paying
proposition, even if considered only from the economic standpoint.
(Ireat Britain has been behindhand in this respect, but during the past
few years with the establishment of the Animal Research Institute

connected with the Royal Veterinary College, at Camden Town, and of
the Institute of Animal Pathology at Cambridge, together with the
creation of University Veterinary degrees and a Post-Graduate Diploma
of Veterinary State Medicine, there is a good prospect that, long before
another decade has passed the Government organization of Veterinary
Officers of Health will have as important a place m Public Health as is

accorded to the graduates of the human branch of state medicine.
My list of tliose diseases which furmsh valuable instruction in the

epidemiology of animals and man is by no meaiis complete, but T must
in conclusion just- allude to one other—namely contagious abortion of
cattle—which gives rise to Undulant Fever of man. That cases of
transmission from the cow do occur is generally admitted, but not as
frequently as might be expected when one considers the great prevalence
of this disease in milking cattle. In connection with milk too as a food
product one must not forget to draw attention to its danger as a carrier
of disease in such diseases as scarlet fever and diphtheria of man.

In conclusion I think that you will agree that I have introduced
sufficient framework in the brief time at my disposal to illustrate the
importance of consideration of the inter-relationship between the diseases
of animals and man.

G. S. Thapar, Lucknow.

Animals have long been associated with man and their domestication
has naturally led to the transmission of their diseases to man. The
various diseases thus transmitted may be caused by bacteria, protozoa,
worms and insects. The speaker proposes to deal with only those diseases
that are due to worms (helminths) and thus the responsibility of the
domestic animals in the spread of helminthic infections in man is indicated.

For convenience, the subject is considered under three categories
thus:

—

1. The helminths which are of common occurrence as adults, both
in animals and in man.
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2. The helminths that occur as adults in man, but as larvse in animals.
3. The helminths that occur as adults in animals but as larvso in

man. Such cases are only accidental.

Instances are given under each and it has been shown that animals
are important in the transmission of helminthic infections in man. The
mode of thoir transmis.'^ion is also discussed and an emphasis is laid on the
r61e of domesticated animals and pets and also on the reservoir hosts in
this connection.

The methods of control of the helminthic infections are discussed and
the difficulties in the adequate control of helminthic infections in animals
are pointed out-. It is also shown how a helminthologist is necessary in the
discovery and subsequent eradication of the diseases of helminthic origin.

The value of meat inspection, which is so inadequate at present in India,
is also emphasized.

In view of these tacts, it is suggested that there should be greater
co-operation between the medical and the veterinary investigators and
between both these and the zoologists. The latter would, as is apparent
from the work in the past, be able to help <.hom in the solution of many
of the intricate problems associaied with the helminthic infections of man
and domestic animals. This is indicated further by the organization
of the Institute of Agricultural Parasitology under the direction of
Professor R. T. Loiper at the London School of Tropical Medicine.

XXIV. RIVER PHYSICS IN INDIA.

(Sections of Mathematics arid Physics, Geology, Geography and
Geodesy, and Agriculture, in co-operation with the National

Institute of Sciences of India, and the Indian Physical

Society.)

1. PjiOF. M. N. Saua presided and opened the discussion.

2. Mb. D. N, Wadta, Calcutta,

Changes in the courses of Indian rivers during the latest

geological epoch.

Few changes in the physical geography of India during historic

times and in the Sub-Recent geological age have been so well proved os
changes in the river-systems of Northern India. Those changes in the
number, volmne and direction of the chief drainage-lines—^in some in-

stances amoimting to a complete reversal of the direction of how of a
principal river—can be classified :

—

I. Prehistoric—the change of a great north-west-flowing river of
early Pleistocene time from Assam to Punjab and Sind, which
carried the combined waters of the Brahmaputra, Ganges and
Indus, to the present hydrographic system of Northern India

{Indobrahm),

II, Changes during historic times

—

A. In Punjab and Sind ;

—

(1) The Sarasvati river of Vedic times, the 6th river of the

Punjab, becoming the Jumna tributary of the Ganges in

the days of Manu.
(2) The well-known lost river of the Punjab (Hakra) over 600

miles long, which up to the 10th Century flowed from
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Himalaya to the Bann of Cutch (then an inland sea)

through the Eastern Nara—^the Hakra was probably a
deserted bed of the Sutlej, which up to the 13th Century
flowed independently of the Indus, without joining the

Beas.

(3) The migration of the channels of the Beas, Sutlej and Chenab
tlirough the Punjab plains.

(4) The obliteration of the Sind Gulf by southward encroachment
of the Indus delta, building the plains of Sind by the
oscillation of the Lower Indus.

(6) The present Soan valley, a mis-fit, the sole remaining portion
of the Indobrahrn.

B. In Bengal :

—

(1) The rapid southward extension of the Gangetie delta during
the last 5,000 years from its head in the Kajmahal hills

and Sylhet lagoons.

(2) The diversion of the Brahmaputra to the east of Madhupur
and its later deflection again to the west.

(3) The oscillation of the Ganges and Brahmaputra channels
during the last few centuries and the easterly growth of
the delta.

(4) The deflection of the Teesta from its confluence with tho
Ganges to tho Brahmaputra.

3. D». Sunder Lal Hora, Calcutta.

Changes in the drainage of India^ as evidenced by the distribution of
freshwater fishes.

The author directs attention to the various modes of dispersal of
freshwater fishes and points out that they constitute an important group
for the elucidation of palaeohydrographical problems. The occurrence
of the Dipnoan and Ganoid fishes in the Upper Gondwaiia Beds of Kota-
Maleri shows the position of the main river of the Mesozoic period. From
the past and present geographical range of these ancient fishes some idea
is given of the probable drainage pattern of India of those times.

The greater part of India proper of the Eocene period is now covered
by the Deccan trap which has obliterated tho channels forming tho
drainage of India during that age. Some evidence of the location of
the main drainage channels is, however, furnished by the fish-remains
found in the infrortrappean beds at Dongargaon, Dhamni and Fhisdura
and the inter-trappean beds at Takli, Pahadsingha, Deothah, Kheri and
Kateru. From the situation of those beds it is inferred that the main
drainage channels of the Eocene period were, more or less, in tho same
position as those of the Mesozoic epoch. From the nature of the fish-

fauna it is clear that the sea was not far removed from the trappean beds
of the Central Provinces. Attention is also directed to the fact that a
predominantly Ganoid fauna of the infra-trappean period was, more or
less, replaced by the modem bony fishes during the inter-trappean
periods.

As practically all the principal genera of bony fiishes had already
appeared during the Tertiary, further changes in the drainage of India
are adduced from the geographical distribution of the modem fishes. The
orog^ic movements that gave birth to the Himalayan chain of mountains
produced a succession of changes in the drainage pattern of India. The
distribution of fishes shows that for a considerable time the longitudinal
basin formed as a foredeep at the base of the Himalayas served as the
main drainage channel. This channel was discovered bv Pascoe and
Pilgrim simultaneously and designated as ‘ Indobrahrn ^ or ‘ 8iwalik
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River ’ respectively. This river is believed to have flowed fi’oin east to
west and canied the combined waters of the lirahmaputra, the Ganges
and the Indus. In the author’s opinion its headwaters were probably
in Southern China, and in support of this contention several instances
are cited from the distribution of allied genera of fi.shes.

Certain localized orogenic movements resulted in the dismemberment
of the ‘ Indobrahm ’ into at least three drainage systems, the Brahma-
putra, the Ganges and the Indus. In this process the once continuous
fish-fauna became segregated mto definite regions. A detailed study
of some of the elements of this fauna shows that the Brahmaputra portion
was the first to bo separated and that the Ganges and the Indus flowed
together as a combined river for a considerable time afterwards. The
fish-fauna of the Ganges and the Indus are almrist identical and this
would indicate that the two rivers probably became separated, geologically
speaking, not very long ago. Attention is hero directed to the fact that
the Jumna river, a tributary of the Ganges, was a tributary of the Sutlej
within historic times.

One remarkable fact of distribution of Indian freshwater fishes is

the close similarity between the famia of the Eastern Himalayas and that
of the hills of the Peninsula in the extreme south. This is explained in

terms ol' the geological changes that may have occurred at the time of
separation of the Brahmaputra from the ‘ Indobrahm ’ of the J’ertiary

period.
The probable mode of evolution of the present-day drainage pattern

of the Himalayas is discussoil and evidence is adilucod to show that it

has developed from a consequent drainage, o.g. rivois draining north
and south of the crest.

The fish-fauna of India is probably derived from that of Southern
China and Indo-China and its transference towards the west and south
appears to have been facilitated by longitudinal valleys, river-captures,

etc. In South-Eastern Asia the southern and wostorn portions appear to

have been sinking and this has made the north fauna migrate towards
south and west. The jiresent-day distribution of fishes strongly siiiiports

such a hypothesis. The eastward flowing rivers of the Peninsula
probably assumed their present direction after the rise of the Western
Ghats ; thou* antiquity is ajqiarent from their broad valleys.

Another fact of fish distriliution, to which reference is made, is that
of the large carps of India and several other species which arc not found
south of the Kistna river. From this certain inferences are drawn
regarding the probable drainage of the Peninsula.

4. Mr. C. C. Inolis, Poona.

The uae of fnodelefor elacidatmg flow prohhms based on experience

gained m catrymg out model experiments at the Hydrodynamic
Research Station, Poona.

Hitherto it has been customary to talk of hydraulic model experi-

ments in general terms, as though only one tyjie existed ; and then, either

to accept the results as being directly applicable to the prototype or else

as only a guide, or even as giving results of doubtful value.

As recently as December, 19J5, Herbert D. Vogel, at that time

Director of the U.S. Waterways Kx})orimental Station at Vicksburg,

after asking information from 50 laboratories or individuals engaged

in hydraulic research, stated ;
* With a few notable exceptions, the

replies contributed scarcely any information directly pertinent to the

suDject.’

In this Paper the 8 main types of models are described with

examples showing why some types present little difficulty and give

results suitable for immediate application whereas other types, especially

those relating to alluvial rivers, present very great practical difficulties.
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Types of models

:

I. Models which are geometrically similar in shape to the
prototype and give geometrically similar results.

11.

Models which are geometrically similar in shape ; but do not
give geometrically similar results.

III. Regime models, in which conditions of flow are maintained
constant, with complete freedom as regards silting and
scouring.

IV. Combined credible channel and rigid models.
V^. Rigid and semi-rigid vertically exaggerated models in which

conditions are imposed, e.g. tidal models.
VI. Models with mobile protection—falling aprons, spurs, pro-

tection round piers, etc.

VII. Meandering river models.
VIII. Combined rigid, mobile and meandering river models.

Greometrically similar models in which parallel flow or free vortex
flow are established give geometrically similar results provided they are

not too small to make it possible to reproduce the boundary conditions

of the prototype. In other cases similarity is not attained.

Channels may be divided into two classes :

() Channels flowing within rigid boundaries;

() Channels flowing in incoherent alluvium.

In the former, flow is under flumed conditions and a heavy super-
charge of silt can be carried provided the slope is sufficiently steep. In
the other type, flow is ‘ natural ’, adjustments to changing conditions

being brought about by scouring and silting. Lindley, in his Paper
on ‘ Regime channels ’, Punjab Engineering Congress, 1919, put forward
the original theory that ‘ the dimensions, width, depth and gradient of
a channel to carry a given supply loaded with a given silt charge were
all fixed by nature ’ and some ten years later Gerald Lacey, in his

paper on * Stable channels in alluvium *, Proas, of Inst. C.E., Vol. 229
(1929-30), produced a series of formulas which fixed gradient and shape
of regime channels. These formules have gradually been winning
acceptance all over the world.

According to Lacey, P = 2-67V<i>, a formula which is now generally
accepted, from which it follows that P/R = 7*12 F, where P = wetted peri-

meter ;
= discharge, R — hydraulic mean depth, and V— velocity. This

is the Lacey ‘ shape formula According to Lacey’s * initial regime

formula * V = VllJfR, where / is the silt factor, which is proportional
to V^lgR, the Froude number. So, on the assumption that a regime
channel approximates to a semi-ellipse, with the semi-circle as the
limiting shape, = 1*82// 2. Actually, however, for reasons explained

in the paper, Q == 3'2/P2 is the minimum discharge with which it is safe
to work.

1 . From the Lacey formula and from Nikiiradsa’s work on
roughened pipes it follows that the finer the silt, the larger the discharge
required in the model.

2. There is a natural regime silt charge, which varies with the
discharge and silt grade and there is a minimum velocity for each silt,

below which the regime silt charge cannot be carried.
3. For the same grade of sUt the lower the discharge the more

sensitive is the model to a super-charge of sUt.

The regime conception must form the basis of all accurate model
work dealing with movement of silt, and its division between off-takes.

4. Experiments with combined erodible channels and rigid models
present difficulties because the flow formula is different in the two parts
and hence a model which is identical in plan in model and prototype
cannot give similar results. In many cases this can be overcome by
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fitting. Part of the difiiculty is due to the fact that though vertical
exaggeration has been adopted as common practice in model work,
later^ exaggeration, which is also natural has, so far as the author can
determine, been overlooked.

6,

One of the best known types of models is the ‘ tidal model *,

which falls under the semi-rigid model type. In this, conditions are
imposed, the sides, and in many cases a considerable part of the bed,
being held against scour. Such models give valuable results provided
they are correctly designed ; but the fact that conditions are imposed
must not be overlooked. Kigid models are used in America for deter-
mining the effect of ‘ cut offs ’ on upstream water levels and they give
valuable information as to the immediate effect on water levels upstream,
but that is all. Models with mobile protection, e.g. falling aprons, pier
protection, etc. give geometrically similar results of great value.

6. Combined rigid, mobile and meandering river models present
many difficulties, because the laws governing each of the three types, here
combined, are different. To solve such problems, experiments to
determine the scale effect of various factors have to be carried out in
separate models and the results of these applied in the large, full length
model. Even in a very large model, though accurate results for full

supply discharge can be obtained, with low supplies difficulties arise

in reproducing scour in the model.
7. The main fact which follows from this paper is the importance

of large models ; and at Poona the discharge now preferred ranges
between 6 cusecs and 15 cusecs m each model, but may be as much as
^10 cusecs in a single model.

Although in general the larger the model the bettor the results, it

must be remembered that doubling the size of a model quiidjruplos

the area, the discharge and the labour involved
; and increases the time

factor to approximately 1*6 times.

8. The general conclusion is that in competent hands, a very wide
range of experiments with large models gives results of high qualitative
accuracy and may also give quantitative accuracy ; but in general the
data available for river models is meagre and though the gaps in data
can bo filled to a large extent from field experience, so that a model can
be made to reproduce what has previously occurred in the prototype
under known conditions of discbai^e and silt charge, the problem which
generally has to be tackled is what will happen if nothing is done or
what should be done to prevent further damage.

The answer to this depends almost entirely on a capacity to foresee

])robabilitie8 and possibilities and an intimate knowledge of the engineer-

ing side of the problem imdor consideration. Model experiments are,

in fact, a very valuable aid in the solution of practical problems but
success depends mainly on engineering skill, which they cannot replace.

6, Mr. Gerald Lacey, Roorkee.

The author, dealing first with his subject historically, and with that

branch of river physics which may be denoted the study of the behaviour

of Indian rivers by the engineering profession, ascribes the origin of the

science to the construction of the first major canals in northern India

and Madras nearly a century ago. The construction of the canal head-

works presented problems in the flow of water both in boulder and in

sandy alluvium : the canals, which transported alluvium withdrawn

from the rivers, drew attention, from their instability, to the phenomena
of silt and scour.

The growth of communications and the construction of road and
railway bridges founded on wells sunk in an alluvial bed enforced the

investigation of allied problems. The author dates the modem study

of river training and control from the publication of Sir Francis Spring’s

classic paper in 1903.
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Early difEoulties on canals, particularly in respect of the hydraulic
gradient, were diminished by the successive publication of the flow

formulas of Bazin and of Kutter : it was not however until Kennedy
produced, in 1895, his empirical equation correlating the depth of a
channel with the critical regime mean velocity that the foundation of
alluvial studies was firmly laid.

Reference is made to the invaluable model experiments of Osborne
Reynolds in 1 888, and to the slow realization of their full signiflcance.

The author draws particular attention to the phenomenon of
exaggeration in the vertical scale of models. The necessity for this

exaggeration, so frequently ascribed by the laboratory worker to the
need for silt movement and of avoiding laminar viscous flow, arises

from a feature common to all channels large and small. He refers to

the invaluable data now made available from canal systems in India,

and the manner in which such data fills the gap between the laboratory
worker and the river engineer.

Reviewing modem developments the author shows how the earlier

equation of Kennedy connecting the mean velocity and the vertical

depth
V =

can be replaced by the author’s formula

V =
involving the hydraulic moan depth. He shows further that the hy-
draulic mean depth and the slope arc correlated by the equation

From the latter two equations he demonstrates, by recourse to the
theory of models, that the wetted perimeter and the discharge are
correlated by the simple expression

PooQ*

a relationship that has been amply confirmed by statistical work in

India.

The author quotes the equation derived by him

F = 16

applicable to flood conditions in alluvial streams, in which the rugosity
is implicit in the depth and slope adopted.

The author shows how it is possible by the use of his equations to
determine the scales for models with tidal or uniform flow, and indicates
how the problem of the railway engineer, both in respect of scour and of
waterway may be solved.

The author comments on the statement that in a regime channel
the dimensions are uniquely determined by the discharge and silt grade,
and emphasises how in Nature one of the variables may prove a constant
and a dominating factor. He applies his equations to a study of flow
in the boulder regions of rivers, and in the true alluvial plain, defines
‘ tortuosity * and * meandering,’ and discusses ‘ silt sorting ’ and
‘ attrition * as contributory factors to the known characteristics of
rivers in their course from the foot hills to the sea.

The author holds, despite the complexity of flow in alluvial rivers,

that ultimate knowledge of river physics must be based on normal or
regime equations of the type formulated.

In view of the fact that in alluvial channels the bed is non-rigid,
and moving slowly forward, the author deprecates the application of
formulse derived from pipes, in which the velocity distribution is

patently of a very different order. As the author conceives the problem
the normal cross section in alluvium closely approximates to a semi-
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^Uipse of which the water Burface coincides with the major axis, the
isotachs being confocal. The method of mathematical attack would
be similar to that of Prandtl, the formulas should bo different, and not
far removed from those put forward by the author.

6. Mb, Kanwab Sain, Lahore.

The effects of the construction of weirs and weir-controlled canals on the

regimes of the Punjab rivers.

This paper deals with the Punjab rivers only. * Punjab * is a Persian
compound word, composed of ‘Punj * and *Ab*, meaning ‘five* and
‘ waters ’ respectively. The first Aryan settlers knew this part of India
as the land of the seven rivers {Sapta Sindhavas), consisting of the
Saraswati, the Sutlej, the Beas, the Ravi, the Chenab, the Jhelum and
the Indus. Saraswati is now a small river and discussion is confined to
the other six rivers only.

An attempt has been made in the paper to summarize the results of
an examination of the changes that have occurred in the regimes of the
above rivers as a result of the construction of weirs and weir-controlled
canals.

The examination was carefully made by a committee of two Superin-
tending Engineers, one from the Punjab and the other from the Bombay
Presidency, and consisted of a critical analysis of about 9,67,000 gauge
readings actually observed and recorded since 1861.

Perhaps no other set of rivers in any other province or country
provides such a wealth of information on this aspect of the ‘River
Physics *. This will be amply borne out by the fact that no loss than 13
weirs have been built on the six Punjab rivers and that the total with-
drawals from these rivers by woir-controllod canals exceed 1 ,60,000 cusecs.

The first effects that may be anticipated from the construction of a
weir are :

—

() the flattening of the slope of the river upstream, and
() lowering of the level of the water surface downstream, both due

to the reduction in the amount of water passing below the
weir and also to a degradation of regime levels.

The examination of levels over long periods, however, shows that
after the construction of a weir on an alluvial river, the upstream slope

tends to recover, and over a sufficient term of years will recover its

former value ; also that irrespective of reduction of discharge the levels

downstream of a weir will, in a period which may extend to 20 or 30
years, recover and even rise above their former value, while sx)ecific

levels show a greater rise.

It is also shown that the withdrawals of water from one river of an
alluvial system produce sympathetic changes in the regime of another
river joining it.

7. Rai Bahadub a. N. Khosla, Jhang.

Design of weirs on permeable foundations,

8. Db. N. K. Bose, Lahore.

River physics laboratories of Europe and America,

Of recent years conviction has been gaining ground among hydraulic

research workers that there is a physics of river flow and as such it is

possible to study river movements and the changes in the course of a

river from scale models in a laboratory. Though the science of River
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Physics has not attained to that stage of development as has been reached

by the science of Nuclear Physics or any other branches of Physics, yet

since the days of M. Fargue, Osborne Re5molds and Vemon-Hercourt
the progress of this branch of Physics has been very rapid. The
experiments of Prof. Gibson in England, of Engel, Winkel, Krey and
Rehbock in Germany and of Freeman in America have proved con-

clusively that not only can scale models, properly conducted, give

valuable indications for the training of a river, quantitative information

can also be obtained from such experiments. In his tidal model of the

river Severn Prof. Gibson has been able to reproduce the conditions

of the river in 1927 starting with the river in 1848. Prof. Krey in his

Elb model and Prof. Rehbock in the Rhine model have been able to

get very good quantitative agreement between the model and the
prototype. In the IT. S. Waterways Experimental Station at Vicksburg
Vogel has been able to reproduce various conditions of the river Mississippi

in a number of models. In this paper it is proposed to deal with the

various methods applif3d by different workers in developing their river

models and also the amount of success they have attained in them.

9. Mr. S. C. Majumdae, Calcutta.

River problems in Bengal,

1 . By far the major portion of Bengal is deltaic, having been built

up by the silt carried by her rivers. Absence of marine deposits and
presence of fresh water deposits up to a depth of about 1,300 ft. (no
deeper borings yet made) seem to indicate that marine conditions never
existed up to this depth. The soil composing the upper strata is, how»
ever, qxiite different from that of the lower strata and it appears that
the upper delta that we find to-day consisting of blue clay and sand,
has been built upon another older delta consisting of yellow clay and sand,
which was depressed permitting of fresh deposits by the present river

systems.
2. To appreciate the river problems in Bengal it is necessary to

envisage how the rivers functioned and are still functioning in building
the land and in raising and extending it towards the sea. Nature has
been employing two agents in this task, viz, upland flood carriers and
the tides. The former have been transporting the building-materials
brought in by the rain washings from the catchment areas and, after
building and raising the banks along their courses, have been discharging
the balance into the sea. Portions of this get consolidated and extend
the delta and the rest is dispersed by tidal current along the delta face
and remain in an unconsolidated state. Tides while travelling inland
pick up the latter almost to the saturation point and perform the same
delta building functions as the upland flood carriers, with this difference,

that, while the latter function mainly during floods, confined to the
monsoon months, tides function twice daily during the whole year.

3. Nature again has been assisted in her task by two favourable
factors, viz, the steep slope of the Himalaya, which ha« thus been able to
furnish building-materials in abundance, and abnormally high tide
level, which has facilitated the distribution of the materials. High
tide level hae also facilitated transport by water, and it can be truly
said of Bengal that her rivers built the land, are draining and fertilizing

it and are helping in transporting the produce. In areas where the
rivers are still continuing these beneficial activities, as in Eastern Bengal,
the country is healthy and prosperous, and where the rivers are deterior-
ating and these activities have been interfered with, as in Central and
Western Bengal, the country is progressively deteriorating both as regards
health and productivity of the soil.

River problems in Bengal are thus virtually the problems for Rural
Development in Bengal and must be solved if this country, speoicdly
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her western and central parts, which used to be very healthy and pros-
perous even about a century ago, has to be prevented from reversion
to swamps and jungles from which she was reclaimed by her rivers.

4. For a proper appreciation of these problems and their solution
the rivers in Bengal, having regard to their different characteristics,

may be classified as follows :

—

Group I. Primary delta builders originating from the snow capped
Himalayas, maintaining perennial flow and navigable. The principal
rivers under this group are (1) the Ganges series, which by far is the most
important delta builder, (2) the Brahmaputra series, which, after her
connection with the Tsampo of Tibet and subsequent addition of the
Teesta waters towards the end of the 18th century, is proving to be a
formidable rival of the Ganges and (3) the Moghna.

6. Group II. Primary delta builders originating from the low
hills of Ohhota Nagpur and Santal Parganas, such as the Damodar, the
Ajoy, the More, the Cossye and other Western Bengal rivers. These
rivers are torrential and though they bring in enormous volumes of flood

occasionally, they dwindle down to a mere trickle sometime even during
the rains, while during the dry season there is practically no flow.

Their contribution towards building up of the delta could not therefore

have been much, as compared with that of the Ganges, though it seems
that a portion of the eastern part of Western Bengal, which is deltaic,

must have been built by these rivers, specially the Damodar and the
Cossye. Their value, apart from the question of flood flushing, etc.

which will be tliscussed below, however, lies in their being the only sources
available for provi<lmg supplies urgently needed for artificial In*igation,

necessity for which is practically confine<l to Western Bengal.
6. Though the total monsoon rainfall as also its distribution during

the earlier part of the crop period are normally suHicient, rain usually

fails after the middle of September and the necessity for irrigation is felt in

Western Bengal even in normal years. In years of abnormally low rain-

fall irrigation is urgently needed as an insurance against famine. Owing
to the proximity of the catchment areas of these rivers to the areas to bo
irrigated, river supplies also fail when irrigation is required during periods

of scarcity, and without storage it does not seem to bo possible to meet
the needs of irrigation on a large scale. Again, owing to heavy incidence

of rainfall at times, the cost of diversion and cross drainage works is

usually rather heavy, out of all proportion with the comparatively small
area that could be irrigated by the widely fluctuating daily flow of these

torrential streams. Storage works, by impoimding during floods and
supplementing the dwindling daily flow of the rivers during periods of
scarcity intervening between floods, really function like a flywheel in

an engine. They con thus enormously increase the irrigable capacity

of a stream, especially as the stored water’ is needed for irrigation not
so much in the transplantation season, when though a large amoimt of
water is required the rainfall is usually suflicient, but in the latter paii>

of the crop period when the requirements of crops is the minimum.
Storage irrigation schemes are thus liliely to be rather profitable under-

tfibkings in Western Bengal, €ind as no rain is usually expected during the

dry season and rivers also practically dry up then, they provide the only
means by which sugarcane and rabi crop could be grown in these parts.

As most of the people live on agriculture irrigation projects supplemented
by storage works constructed in the hilly valleys of these rivers of Western
Bengal, mostly outside the province, are thus urgently needed for their

eoonomio uplift. So far two schemes of outstemding importance have
been brought to light and investigated, viz. the Darkeswar Reservoir

project and the More Reservoir project to irrigate about 200,000 acres

by the former and 432,000 acres by the latter.

7. Group III. Subsidiary delta builders—^mainly the lower reaches

of rivers in Group 1 and II within tidal limits, which, apart from con-

tinuing the delta building activities along with these rivers, oonstitutea
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very valuable assets by providing cheap transport by water of the produce
of the country.

8. In all ancient accounts Bengal is reported to have been healthy
and prosperous. About the middle of the 17th century Bernier wrote
that Bengal was even richer than Eg5^t. Even about a century ago
Hamilton found Western Bengal to be highly prosperous and gave
Burdwan the first rank in the whole of Hindusthan as regards productive
agriculture. This area is now one of the worst both as regards health

and productivity of the soil. In the eastern parts of Bengal where the
rivers are still continuing their beneficent activities, the country is

healthy and prosperous. Even in the rest of Bengal there is no dearth
of water resources, but the progressive deterioration in health and pro-

ductivity of the soil, specially in the west and in the centre, is due to their

faulty distribution. Through many a stream more water flows than
is necessary causing disastrous floods, while at other places decrease in

flow through natural waterways has caused serious deterioration render-

ing them even incapable of draining the country side. Indeed many of
these streams, which were intended by nature to spill over the land which
they traverse and keep it in health and plenty by supplying the rich

silt of the Ganges, Damodar, etc., have now been converted into stagnant
pools of water breeding mosquitoes, and many a district, specially in the
centre and west, has been rendered extremely unhealthy with decreasing
population and with land gradually going out of cultivation.

9. This faulty distribution of the water resources, which has been
effected partly by human interference and partly by natural causes,

constitutes the main river problem in Bengal. Nature has provided
her with water resources in abundance and their equitable distribution

is now vitally needed for the Rural Development. These problems
will now bo examined somewhat closely by dealing with these groups
of the rivers separately and examining a representative type of each
group in detail.

Rivers of Group J.

10. The areas which have been adversely affected mainly due to
natural causes, i.e. by changes in the courses of rivers, are :

—

(1) Central Bengal due to diversion of the Ganges through the
Padma towards the beginning of the 16th century.

(2) Northern Bengal due to diversion of the Teesta through her
present course towards the end of the 18th century and

(3) Portions of Mymensing District due to the diversion of the
Brahmaputra through the Jamuna channel soon afterwards. There is

no controversy as regards the last two changes as they occurred com-
paratively recently and can be definitely proved by Rennel’s maps.
Even as regards the first it was taken to be an established fact hitherto ;

but as this theory has recently been challenged by late Sir WiUiam
Willcocks I propose to examine this question in detail and take up the
Ganges a^s the typical representative to illustrate the problems arising
from this group of rivers.

11. According to Sir William the Bhagirathi and other rivers in
Central Bengal were, originally, really canals excavated by the old
Hindu Rulers of Bengal. But the following considerations will show
that this theory is absolutely untenable.

Large extension of the delta towards the west as compared with
that in the east can only be explained by the fact that the main volume
of the Ganges flood must have passed down the Hooghly and the con-
tiguous estuaries just to the east for a much longer period than along
the present course, unless it can be shewn that there was another delta
builder serving the western side of the delta with flood discharge even
larger than that of the Ganges, Brahmaputra and the Meghna combined.
No such delta builder exists to-day nor could they have possibly existed
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in the present geological epoch, as the combined catchment area
of all the rivers of Western Tlengal does not exceed 25,000 sq. miles as
compared with 307,000 and 361,000 sq. miles which are the catchment
areas of the Ganges and Brahmaputra resj)ectively. There are also other
religious, traditional and historical evidences as given in the main paper
m support of the established theory that the Bhagirathi constituted
the main channel of the Ganges till the J6th century when —and this is

a natural characteristic of the deltaic rivers as explained in the mam
puiier—the Ganges diverted along the present Padma channel.

1 2. Central Bengal has really been built up by the Ganges which,
in the olden days, used to distribute her waters through the Bhyrab,
probably the easternmost branch, and the Bhagirathi which again
trifurcated into three branches at Triboni -the Bhagirathi, the Jamuna
and the Saraswati. As a consequence ol the diversion both the latter

branches as also the Bhyrab are now dead. Two other spill channels,
the Jalangi and the Mathabhanga, opened up comparatively recently,

but they are also dying and get completely cut off from the Ganges
during the dry season. E\'on during the monsoon they can mi longer

draw enough water from the Ganges to feed thin'r distributaries, which
used to distribute equitably the Ganges flood over the whole area and
which, in consequence, are now mostly dead. Only the Bhagirathi is now
more or less active in the lower reaches thanks to the occasional floods

that she receives from the rivers of WesUnn Bengal and to the tidal

flushing and other conservancy measures ol the Calcutta Port Trust
But in her upper reaches she remains cut off from the Ganges ('xctqit

during the lains when she gets only a more fraction of her former dis-

charge. In her lower roaches also she is gradually dotonorating and
additional supply of upland water is urgently neeiled not only in the

interest of Calcutta as a [lort but also for her drinking water supply, ti>

arrest the gradual advance of the salt water limit uji the Hooghiy.
13. Solution then hos in the restoration of the Ganges spill as far

as possible through the three principal (ihaiiiiels, the Bhagirathi, the

Jalangi and the IVIathabhanga. As hydraulic conditions are now much
more favourable down the Padma cbarmel, the point to bo considered
first is whether suflicieni (quantity of spill could at all be extracted from
her and diverted through these channels for flushing Central Bengal with-

out a barrage, the cost of which will of course be prohibitive, and with-

out waiting for an indefinite period till nature, after raising the present-

spill areas m Eastern Bengal, turns her attention again to Central Bengal
Having regard to the characteristic of deltaic rivers, this latter con-
tingency is probable, but the present condition of Central Bengal as

regards health and productivity of the spill is so deplorable that unless

the area could be flushed by the Gauges spill in the near future the area
will revert to swamps and jungles from which it was reclaimed by the
Ganges in the olden days.

14. These spill channels from the Ganges pass through successive

phases of df‘torioration and improvement, depending on the position of
the off-take with rcforence to the main channel. The present position

ol these ofl'-takos, sjiocially that of the Mathabhanga, is definitely im-
proving as the huge char that hitherto marked this off-take has been
washed away due to changes that are taking place in the regime of th<^

Ganges. But more improvement of the olT-tako is not suflicient. To
bo able to fully utilize this natural tendency to our advantage the carry-

ing capacity of the channel as also that ol tlio outlets have to be improved,
so that the ineroasod discharge that could be drawn due to the favourable
position ol the olf-tako could be efliciontly disposed of.

16. This again is not enough. Unions these channels are allowed
to spill ov^er ihoir banks a good portion of the silt content of the flood

entering them, which the reduced velocity duo to flatter gradient m
their lower rea(»hes is unable to transport, they will naturally deposit in

their beds and the channels will again deteriorate. Dredging, thougli nece.s-

7
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sary initially to increase their carrying capacities, cannot be relied upon to

maintain these channels permanently, for, apart from cost, spoil bank
will, within a few years, roach a height beyond the lift of dredgers. Apart
from its necessity to improve the health and productivity of the soil,

extensive land spilling during floods, therefore, seems to be an essential

requirement even for maintaining these channels in deltaic Bengal, which
carry such a large proportion of silt. To what extent land spilling may
be technically and practically possible can only bo ascertained after a
contour survey, as there are large vested interests which may bo adversely

affected by the flooding, necessitating the requisite protective measures.

But there seems to be no doubt that in the lower areas which have been
prematurely reclaimed, the present method of cultivation will have to be
changed, necessitating the introduction of a substitute crop, which can

be harvested before the (Ganges begins to rise in August, or East Bengal
paddy which grows with rise in the water level.

Rivera of Group IT.

Primary delta builders originating from the Chhota Nagpur and
Santal Parganos hills.

16. Problems of these rivers with reference to artificial irrigation

needed in Western Bengal have already been dealt with. Thanks to

human interforonoo with their beneficial activities these rivers have, how-
ever, i)resentcd rather unique and complex problems which will now be

considered. The area affected has been built up by them and is flat. But
before it could bo raised sufficiently by silt deposit during flood flushing it

was prematurely reclaimed by flood embankments. But owing to inefficient

maintenance breaches were frequent. The land could then got occasional

flushings and it did not deteriorate in those days so seriously as it has
done now. For inoro eflicient maintenance most of these embankments
were gradually taken over by Govomiiiont and in consequence the breaches
are now ran' and even when they occur they are closed immediately
thus depriving the land even of those occasional flushing of the earlier

days. The n'sult has been that the net work of spill and drainage chan-
nels within the enclosed area are now dead and can no longer function
even as drainage channels. In fact, their beds have also been cultivated

at places and they have been converted into stagnant pools of water
breeding mosquitoes. In consequence the area is progressively deteriora-

ting in health and productivity of the soil, and land is gradually gc)ing

out of cultivation.

17. Again the floods being unable to spill are depositing a portion
of their silt content within the river channels, thus raising their beds,
and as the protected areas, instead of rising by silt deposit, are probably
getting gradually lowered due to surface washings caused by the local

rainfall, drainage by gravity is becoming more and more difficult and
in some areas it has already become impossible. The flood level is

also rising necessitating higher and higher embankments and increasing
the potential danger to life and property by concentrated discharge
through broaches, which can hardly be avoided in earthen embankments
subjected to high pressure of sudden floods of those torrential rivers. In
fact the position is very serious and unless a bold policy of improvement
is followed in th^ near future—delay will make the solution more and more
difficult—^these embanked areas of Western Bengal will gradually revert
to swamps and jungles from which these were reclaimed prematurely
by man.

18. The ideal solution will no doubt be to restore the old condition
by the removal of the embankments. Where practicable this solution
should certainly be adopted. This will no doubt inundate the area
occasionally during floods. But the depth of inundation will be much
less than what is now caused by concentrated discharge through
breaches, while there will be no danger to life and property, as the removal
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of the embankimmts allowing the flood to spill over a largo area, Mill
automatically lower the flood level. The floods of these torrential
rivers also do not last more than a few days at a tune anil will increase
the outturn of crops by fertilizing thi' land with the rich silt carried by
these rivers. In years of exceptionally high floods or when floods
occur before the seedlings hav^e taken root into tin* soil, crops will no
doubt suffer but this oci-asional loss will be more than countx>rbalancod
by the increased outturn in normal years and by the improvement in

health.

19. But in many cases owing to large vested interests such as
railways, towns, etc., protected by these embankments as, for instance,
111 case of the llamodar left, embankment, it is now hardly practicable
to adopt such an ideal solution. Ifero we must bo satisfied with the
nearest practical approach to this ideal solution, i.e. water should be
drawn through controlled escapes to be constiucted at suitable places
in these embankmenis and utilized in giving a copious flushing to the
starved land during floods. One such project is now under prepara-
tion for irrigating and flushing an area of about 3,50,000 acres protected
by the Damodar left embankments in the Burdwan, Hooghly and Howrah
districts and there is room for a good many more similar schemes.

20. But though such schemes will probably find a solution to the
sanitary and agricultural problems created by these rivers due to humuu
interteronce with tlieir natural activities, they will offer no solution to

the rather serious probliim with regartl to their maintenance. 'J’his

problem, which is becoming more and more serious owing to the delay
in finding a solution, has been examined somewhat in detail in the main
paper, taking the l^amodar as a representative typo of this grouj) of rivers.

To i^rotect the area on the left bank, with largo vested interests, fioin

the disastrous consequence of frequent breaches through the left embank-
ment of the Damodar, the riglit embankment was abandoned sometime
m the middle of the last century. But this very fact, by raising the I'lght

bank by annual silt dojiosit, has now made an avulsion of the Damodar,
with the maximum flood discharge of about lacs cusecs, through
the left bank towards the Hooghly, a very probable contingency. Such
an avulsion will of course be a disaster of tho first order, for, apart from
damage to vested interests on tho loft bank, Uio important city of
Calcutta and the large business interests on tho Hooghly will bo in danger
as this channel in her present condition eaimot possibly carry even a
material portion of this discharge.

21. Uncontrolled escapes towards the left are of course out of the
(question, and oven controlled escape of a material portion of tho Damodar
flood, sufficient to afford a relief, has to bo ruled out for tho above
reasons, apart from tho question of prohibitive cost of tho necessary
work. As it is neither possible to increase the capacity and maintain
the channel by dredging, the only feasible altemati\^os seem to be either

to construct flood moderating reservoirs in the hilly valleys or to provide
an escape through the right bank into the Rupnarain.

Group III. Tidal rivers.

22. The lower reaches of the rivers of Groujjs I and II are tulal,

and apart from discharging drainage and other benefioont activities,

they perform tho important function of carrying the produce of the

country. Where these activities have not boon interfered with by acts

of man they are still discharging those functions, though, being now
deprived of the supply of upland water, these tidal channels in l.he

southern portion of Central Bengal are gradually deteriorating and will

ultimately cease to function, except perhaps as regards drainage, as soon
as the spill areas have been raised to near about tho high tide level. But
where man has interfered by prematurely reclaiming the spill area of

these channels by means of embankments the position has already
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become rather serious as, while these areas have remained low, the
channel bed has risen by silt df'posit making drainage by gravity alrea<iy

impossible in many cases. A distinction should bo drawn in this con-

nt^ction between an upland flood carrier and a tidal channel. As the

upland flood must be disposed of ultimately into the sea, when the
former deteriorates it changes its course and its beneficent activities

are not lost to the country, only they are transferred elsewhere. When
however a tidal channel deteriorates it dies in its own bed and its bene-

ficial activities are lost to the country. Thus the death of these tidal

channels will mean that the only agents now left by nature for raising

the tidal portion of Central Bengal will be lost to the country for ever.

Jt will then be impossible to drain the area by gravity which will gradually

revert to swamps and jungles from which it was prematurc'ly reclaimed.

23. Solution lies in removal of the marginal embankments and
other obstructions so that these areas may be adequately raised

before they are reclaimed. But though this will certainly prolong their

life it would not bo sufficient to preserve those tidal channels permanently
as carriers of tho country’s produce nor to arrest the rapid advance up the

delta of the salt water limit, for which iiurpose a supply of upland water
seems to be essential. As this point is not usually understood, physical

characteristic's of tidal rivers are explained in the main pa]vor establishing

tho fact that to maintain the life of a tidal river additional supply of

water is required to reinforce the flushing during ebb, which, without
this reinforcement, is unable to clear the bed completely of the silt

d€‘positod during flood tides. As the supply giva'n by the local drainage

can be counted upon only during about five months of the monsoon, and
the supply from the spill area will gradually disappear as this ar(*a rises

by silt deposit, the only means of preserving the life of a tidal channel
permanently is by providing a supply of upland water. Improvement
of the spill channels of Central Bengal and diversion of a portion of tho

Canges water thus seem to be necessary even for maintenance of these

tidal charmels.

24. The life-history of the Bidyadhari is given in the main note
to illustrate those points. Tho history is reconstructed on tVie basis

of indisputable evidence left by nature in her banks. Tliese natural
banlis just above Bhangore Canal are found to bo much higher than the
tide lev el and must therefore have been built up by the upland floods

;

and the width between crests of these banks must giv^e a rough measure
Hs regards the volume of such floods which the Bidyadhari used to

receiva» in the oklen days. It appears from these and other evidences,
as explained in tho main paper, that the Bidyadhari was an important
spdl channel of tho Jamuna and when this river was active, she used
to draw a considerable volume of upland floods for her sustenance.
After the diversion of tho Ganges and subsequently of tho Damoflar the
Bidyadliari was deprived of the supply of upland water and began to
deteriorate.

25. But the existence of the vast spill area in the salt lakes should
have enabled her to continue her beneficent activities, including the
raising of tho salt lakes, thus removing the nuisance so close to Calcutta,
and the disposal of Calcutta’s drainage, but for the acts of man. These
acts wore the premature reclamation of tho land on both banks of the
Matla and the Bidyadhari by means of marginal embankments as also
tho fisheries in lower areas interfering with free spill, the discharge of
solid sewage and lastly the construction of the Kristopur Canal. The
Bidyadhari is now" absolutely dead beyond any chance of revival and tho
serious problems tliat have been created as regards drainage of areas
near about Calcutta should serve as an object-lesson to those who are
interfering with those tidal channels. In fact the Peali is also fast
deteriorating and wdll soon share the same fate with the Jhdyadhari,
and immediate steps are necessary to prolong the life of this river to
sa^'e a largo portion of the 24-Pargannas District, now served by this
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river, from reversion to swamps and jungles from wl»i<'h the area was
prematurely reclaimed by man.

26. Another problem that is gradually becoming more and more
difficult with the deterioration of the tidal channels in Central Bengal is

III regard to the valuable services which the rivers of groups T and III are
rendering by providing a cheap means of transporting the country’s
produce by water. Together with Eastern Bengal, the tidal portion of
Central Bengal possesses an important asset m the magnificent waterways.
The principal highways—the Ganges, the Jarnuna, and the Moghna —which
connect Bengal with the neighbouring provinces of Bihar and Assam, need
very little attention, and during the rains when the country is inundated
goods from almost every village in Eastern Bengal can be carried by water
to these principal highways and through them to the different trade centn's
including Calcutta. But a good portion of the discharge of the Ganges is

being intercepted by the upper provinces for purpose of irrigation, and it

seems necessary to watcli tho.so developments and adojit necessary
measures, as further interception of the Ganges discharge during dry season
is likely to adversely affect not only the prospective scheme that may be
taken up for the improvement of Central Bengal but also navigation
through the Ganges.

27. But the main jiroblem that wo have to face at present is with
regard to the feeder channels connecting those principal highways, specially

with Calcutta. During the earlier period of British Rule the Bhagirathi,
the Jalangi and the Mathabhanga were being utilized as feeders from
Calcutta to the (Jlanges, though even in those days there were difficulties of
na\ igation during the dry season and various attempts wore made to Uoop
the Mathabhanga navigable throughout the year. As this was found
to bo more and more difficult the Calcutta Canal route to the oast through
the Sunderbans was opened early in the 19th century and gradually
improved. Those works, however, wore intended for boat traffic but
steamers, when they came into the picture, were following tho route \'ia

Tolly’s Nullah (excavated in 1770), the Bidyadhari, the Matla, etc.

28. Owing, however, to the death of the Bidyadhari, and conse-
quently of the Tolly’s Nullah, the steamer route through the Sunderbans
is being shifted more and more towards the soaface. Here again nature
hafi helped us by i3roviding cross connections between the north -to

-

south delta builders. An explanation has been given in the main paper
regarding the origin of these cross channels which are found to bo so very
valuable in the interest of navigation. But, owing to tides entering from
both ends and mooting within the cross channel, thus gradually deteriorat-

ing it by dropping of silt, many of the.se channels have disappeared throwing
the steamer route more and more towards the sea. In fact our main
problem at present in respect of waterways for navigation is with regard to
the maintenance of these cross connections, though the maintenance of the
north -to-south channels in Central Bengal is also proving to be difficult

and, in the purely tidal areas, will bo impossible ultimately, unless steps are

taken for a supply of upland water as already di.scussed while dealing with
these rivers under group HI.

29. The rivers of group I are also presenting a problem which is

really inherent in the very nature of delta builders passing through very
friable soil, as in Eastern and Northern Bengal, in the shape of erosion of
their banks, and it is being aggravated by the natural tendency to con-
centrate all available flow through the two principal channels, the
Ganges and the Jarnuna. Diversion of portions of this flow through
Central and Northern Bengal, as discussed above, will mitigate this

problem to a certain extent.

30. In conclusion it may be mentioned that the all-important factor

which dominates the river problems in Bengal is the large proportion of
silt carried by the flood. As will be seen from the above (more fully

dealt with in the main paper) though silt has proved to he one of our
greatest benefactors, in some respects, it has also been a malefactor, and we
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ought to make the closest study of this all-important factor. Beyond
general knowledge as indicated above we, however, possess very little

information on the subject. What is required is a Research Officer with

a fully equipped laboratory to study this and other questions amenable to

laboratory treatment, thoroughly and scientifically to guide us in our
effort to solve the rather complicated river problems in Bengal. Many of

these problems are unique without any parallel. Practices followed

elsewhere will not therefore help us much but we have to find a solution

ourselves by long and concentrated study of the local conditions.

10. PnoF P. 0. Mahalanobis, Calcutta.

River floods in Orissa.

The Orissa delta is a long narrow strip of alluvial land with ah average
width of about 40 or 50 miles. The total area is about 8,000 sq. miles,

of which L\300 s({. miles drained by the Mahanadi and 800 sq. miles

by the Brahmani and Baitarini are espiicially subject to serious floods

during the monsoon season. The Mahanadi has a total course of 500
miles with a drainage area of 60,000 sq. miles, and a maximum flood

discharge of two million cusec. The drainage area of the other riv^ers is

about 20,000 sq. miles.

About four-fifths of the annual procipitation is concentrated within

the four monsoon months. Analysis of rainfall records do not reveal any
appreciable seasonal or cyclic trends, so that the rainfall regime may be
considered to be fairly stable. The areal distribution and frequency of
occurrence of diflorent intensities of rainfall from one to ten consecutive

days hav(» been studied in detail ami furnish basic hydrological data for

schemes of river control.

Analysis of daily heights of the rivers do not reveal any evidence of
progressive deterioration of the channels. Frfiquency distributions of
rivor heights from one to ten consociitive days have been prepared from
which the actual risk of floods of any given height can bo obtained with
precision. The frequency of occurrence decreases in logarithmic propor-
tion up to a certain definite height of the river which probably represents
a critical transition state of the hydrological system.

Floods are caused by the heavy rain given by storms and depressions
from tlie Bay of Bengal which move across the delta and the river basins
roughly in west-north-westerly dimetion with an average velocity of 8*5

miles per hour, and which remain within the catchment area for about
two days. The rainfall in the period immediately preceding a serious
flood u.sually occurs in a well-markod patch of very lioavy rainfall of
over one inch per day for throe consoimtivo days followed by moderately
heavy falls for two or three ilays more. Heavy rain first occurs in the
delta, and then in the more westerly portion of the basin. It therefore
takes some time for the flood water to reach the delta. The crest velocity
is about four miles per hour, and usually there is a lag of about three or
four days between the maximum rainfall in the basin and the maximum
flood at Naraj. Usually the river rises for three or four days, beginning
to fall slowly from the fifth day.

The river channels in the delta are quite inadequate in their present
condition to carry the flood water which in the case of a severe flood
may amount to twice the capacity of the channels. Local rainfall in the
delta by itself cannot cause a flood of importance but such rainfall
can seriously aggravate the situation by increasing the intensity or duration
of the flood.

Correlational studies showed that on an average the level of the
Mahanadi rises by about 20 feet for an increase of one inch of average
rainfall over the whole basin. The connexion is however not sufficiently
close to enable individual forecasts being made in time to bo of practical
use.
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Correlation between gauge readings at Naraj (near Cuttack) and at
Sambalpur is very high, and it is possible to predict the height at Naraj
within a few inches from twenty-four to thirty-six hours in advance.

In the case of the Brahmini similar correlational studies show that
the condition of the river channel has remained more or less the same
during the last 30 or 40 years, so that there is no evidence in support of
the theory that the bed of the Brahmini was suddenly raised by two or
three foot after the severe flood of 1 926.

Normal monsoon precipitation in the catchment basin is of the order
of 900 kilo-cusoc per day while the rainfall intensity m the delta itself is

only 30 kilo-cusec. Most of the flood water is th()refore brought down by
t he rivers. Durifig the monsoon the river emerges from the hilly country
with high velocities and heavily laden with silt. On reaching the plains

the velocity is siiddenlv reduced and the silt is deposited on the river-beds.

The bed of the river rihcs in consequence and forms a shallow ridge on tin*

summit of which the river flows. (Gradually the bed is raised so high that
the river bursts its banks and sends out branches. Fresh ridges are
fonned by the deposit of new silt, and the whole process is repeated over
and over again. In this way the Orissa delta has become covered by about
15 main branches with innumerable minor streams within a distance of
40 or 60 mill's.

Along the sea-coast of Orissa there exists a steady northward littoral

sand drift which tend to form bars across the mouth of the river from south
to north. The rivers are continually trying to form new land by deposit

of silt, but this silt is continually being forced towards the north by this

littoral drift. This is a peculiar characteristic of the Orissa coast, which
explains the fact that the head of the dolt>a is situated only 40 or 50 miles
from the coast, line whereas in the case of the Ganges or the Indus they
arc about 400 miles from the sea. Conditions in the Orissa delta are at

present in a kind of dynamic equilibrium.

The escape of flood water is seriously obstructed by embankmont^s,
and also by canals and roads. Flooding is thus often inevitable in this

area imder existing conditions. The erection of flood-retarding reservoirs

in the catcliment area, improving existing channels, and removal of obstruc-
tions to drainage in the delta require planning on a large scale. It is

desirable that detailed hydrological studies and small-scale model experi-

ments should be undertaken for this purpose. Flood forecasts, con-
struction of emergency refuge mounds, and other ameliorative measures
can be undertaken in the meantime.

XXV. COLLOIDS IN BIOLOGY, MEDICINE, AND
AGRICULTURE.

(flections of Chemistry, Zoology, Medical Research, Physiology,

and Agriculture, in co-operation with the Society of
Biological Chemists, India.)

Prof. S. S. BnATNAU\u presided.

1. Prop. J. N. Mukherjee, Calcutta, opened the discussion.

The subject-matter of the present discussion is very comprehensive,
and in order to avoid being diffuse 1 shall restrict myself to those aspects
of the properties of colloidal systems, which serve as a connecting theme
regarding their r6le in biology, in medicine and in agriculture. Even
then I shall restrict myself only to some fundamental consideration.^ of the
subject. It would, however, be helpful briefly to discuss what we under-
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stand by colloida] systems. Historically, the distinctive properties of
colloids rest, according to Graham, on their slow diffusion, their inability

to pass through parchment and similar membranes and the difficulties of

obtaining them in a crystalline form. These characteristics, which were
thought to distinguish colloids from the ‘ true * solutions of crystalline

substances, wore later found to be inadequate to classify substances into

mutually exclusive ‘ worlds of matter *, namely, crystalloids and colloids.

Kor crystalloids wore obtained in a colloidal condition and vice verm,
and we began to speak of the colloidal state of matter. This, howe\ or.

is again a vague teim, and the vagueness is best illustrated by the so-called

physical and chemical theories contending sway in the treatment of colloidal

syshims. In fact references to these theories have become so common-
place that their c*ontents are often taken for gi*anted and it is seldom that
(juestions were asketl till recently as to what they really connote. Even
at the present time opinion is far from being unanimous. I have discussed

this question in several publications, and I shall briefly refer to some
criteria, which will servo to bring out the characteristic properties of
colloidal solutions and systems and to reconcile, to some extent, though
not ccjmpletely, the postulates of these two theories. It will also servo

the purpose of inviting discussion on these central themes in the theoretical

treatment of colloidal systems.
Differences of optical heterogeneity, though useful as a rough guide,

do not serve as satisfactory criteria. For they depend on the wave length
of light used and the size, shape, and the arrangement of the ^larticles.

They do not bring out the differences of systems, in which the thermo-
dynamic equilibrium can be treated unequivocally in terms of w^ll defined
components and phases, with those in which their properties cannot be so
troaU^d. The question arises how far colloidal particles can be treated
as molecules.

It is true that the kinetic theory affords a satisfactory definition of
molecules in tenns of the translational energy of the different particles,

either in the liquid, solid or gaseous state. Let us call a particle, which
answers this criterion, a physical molecule. In cases where tho kinetic
theory falls short tho quantum theory, in its simpler formulations, still

fjiiables us to distinguish these physical molecules on the basis of the prob-
ability of the distribution of their translational energy. But this criterion

is too compn3hensive and it is often not possible to distinguish a colloidal

particle from true molecules. Where colloidal particles show Brownian
jnovements they surely beliave as physical molecules in the above sense.

Fortunately the definition of a chemical individual, in terms of Gibbs*
criteria of a componetd in chemical systems in thermodynamic equilibrium,
serves as the most helpful criterion. Lot us then call the components in
all such systems as chemical molecules, Tho terms heterogeneity and
homogeneity now assume a different but unequivocal significance. Follow-
ing Gibbs we see that in all systems, ordinarily met with in chemical
equilibria, the magnitudes of the internal energy, of the entropy, of the
free energy, of the thermodynamic potential, are single valued functions
of the number and concentrations of the different components present in
the system, and the two external variables, pressure and temperature.
Now in ordinary chemical equilibria the interface, interfacial energy and
f he individuality of the different portions of any homogeneous phase which
are present in the system are neglected. But when tho degree of dispersion
is great the magnitude of tho interfacial energy makes its effect felt.

We may therefore usefully define colloidal systems as those systems whoso
behaviour show definite departure from that predicted by classical chemical
thermodynamics, in the sense that considerations of interfacial energy
and of the conditions existing at the interface are necessary for the elucida-
tion of their behaviour. Though this definition does not encompass all
types of colloidal behaviour, it helps us to find a more comprehensive
definition and we may define colloidal behaviour generally as those
properties which owe their origin to the presence of an interface, to the
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mutual acrangemcnt and asBOciaiion of individual portions of honiogeneniiB
phaBOB and tho shape and size of the individual portions. In consoqucnco.
colloidal behaviour, met with in difforont branches of science, admits of

a great measure of co-ordination.

Electrification at interfaces and interaction of colloidal

systems until electrolytes.

One of the properties of interfaces, which differentiate (lioin from a

homogeneous phase, is illuatratetl by tho <;onditions of electrification

which are often mot with in interfaces. Inside a homogoru'ioup phase the
following conditions are mvnriablv held to bo satisfied ; a ctmstant chemical
composition, a constant cliomical potential and oloctroueutrality. By this

statement wo understand that across any plane, covering a, sufficiently

large number of molociilos, both the chemical potential and chemical
composition have constant values and the net electrical charge is zero,

independent of tho location of the plane. In interfaces, however, either

as a result of orientation of molecules and tlioir polar character, or of the
distribution of eloctrifieil particles, usually electrolytic ions, planes parallel

to tho interface may show a variation in tho chemical comjiosition, tho
electric potential, and the not electrification. In consoquotKjo, surface

pressure, surface orientation, surface potimtial, and the potential of the
electrical double layer assume considerable importance in the study of

colloids.

Let us consider two colloidal systems of widc'spread interest namely,
proteins and the inorgann; colloids present in soil. The typos of interac-

tion between proteins and electrolytes are many and diverse. The first

attempts, following the lead given by Duclaux, Miehaelis J^aiili and
McBain, which aimed at tho systernatizal ion of the vast experimental
material, wore based on an application of the concepts of classical electro-

chemistry to these systems. Proteins are treated as ampholytic systems
with definite acidic oiid basic dissociation c onstants. And we are familiar

with the nomenclature of Michaelis namely, the designation of colloidal

sysiorns having electrolytic properties as ‘ ocidoid \ ‘ basoid ’ and ‘ salold
’

systems. The concepts of classical electrochemistry are assumed to be
applicable, but there is also an implied recognition that certain pecuharitit'S

arise out of the largo size of the profoin molecule or ion. 'ITiese theoretical

treatments often suffer from a good deal of vagueness, which masks the
important question whether those classical concepts are capable of ad hoc
application, that is, whether there are not definite facts which contradict
some unambiguous deductions from them. The investigations of McBain
on soaps, which led to the formulation of the expression ‘ colloidal electro-

lytes ’ and a definite idea regarding the peculiarities of the electrolytic

conductivities of micelle ions ’, established some characteristic ddferences
of these systems Iroin oniiiiary electrolytes. But they were considered
to be only a peculiar class of electrolytes, amenable to the usual theoretical

treatment. Indeed, McBain has denied the usefulness of tho concept of
an electrical double layer which he calls ‘ the fictitious electrical double
layer ’. Certain calculations and theoretical considerations by the
speaker, however, show groat discrepancies in the conductivity of such
colloidal systems from that deduced from the basic theories of elect ro*

chemistry in their present forms. Kecent experimental investigations m
several laboratories have focussed attention on these differences. The
dissociation constants, degrees of dissociation, total acidities, activity and
conductivity coeifieients have no such unequivocal meaning as in the case
of usual electrolytic systems. Such investigations have mostly been
carried out, in this laboratory, with inorganic colloidal systems such as
aluminium hydroxide, silicic acid, hydrogen clay (which is more complex)
and also with comparatively simple organic substances such as straight
chain sulphonic acids, e.g., Undecyl-Lauryl-, and Myristyl-sulphonic
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acids by MoBain and Betz and cetyl-pyridinium and cetyl-trirnethyl

an\taoniiim bromides by Hartley. McBain concludes that micelle ions

cannot be regarded as mere polyvalent electrolytic ions.

Recent work in the speaker’s laboratory illustrate not only the

usefulness but also the necessity of the concept of the electrical double
la>eT', a point of view, which has been emphasized by Wiegner and his co-

\\orkfirs in their researches on clay systems. It is very difficult and at

fh(‘ same time obviously necessary to obtain unambiguous evidence that

the deductions from classical concepts are contradict^. Interactions of

silicic acid, aluminium hydroxide and hydrogen clays with electrolytes

uyipoar to afford such evidence. Most of these colloidal solutions should
h(‘ treated as polyjihase systems, but it is difficult to define the phases.

It also appears reasonable to conclude that often the equilibrium is between
th(' double layer and the ions in true solutions. Considerations of the

adsorption (jf ions, which are so important in a number of colloklal pheno-
iu(*na, are helpful, lon-paira formed on the surface of the colloidal particles

vseein to gov<*rn the equilibria. An interesting instance of the formation
of such ion -pairs is aflbrded by the works of flhosh and of Chlopin and
Balandin on proeipitaU'd manganese dioxide.

Compared to the inorganic substances, referred to above, the protein

systems offer ]ioint8 of diff(iren(*e ; the former are known to bo insoluble

and their colloidal solutions should be regarded as polyphasie. It is,

liowever, diflieult to ascertain the solubility of proteins. There is, how-
(‘N'cr, tile important researches of Sorensen, which show that some proteins,

prepared with great care, show a definite solubility. It is, however,
necessary to point out that a reproducible constant composition of the
solution in e,ontact with the solid material of the protein at a single

temperature, does not necessarily imply a constant solubility
;
for con-

stancy of composition of a substance anil of I ho liquid phase in its contact,
is not, in itself, a sufficient criterion of its cliemutal individuality. It is

necessary to show that the observed solubility, or rather the constant
aidivity of the protein at a given temperature, would explain a. sufficient

number of chemical equilibria in which the substance takes part, just as the
run of a curve cannot bo depicted by a single point. If, for example, in
addition to a constant solubility, the heat of formation of the saturated
solution and the relevant specific heats are known, so that a tK3mperature
solubility curve satisfying thermodynamic criteria can be constructed, the
idontifical ion of a given protein as a pure subslance, i.e. a single com-
ponent or a eheiiiieiil individual, could be established. Unfortunately
proteins are very susceptible to changes, evon m contact with simple
electrolytes and tune also acts ns a factor. Besides on account of the
large value of their molecular weight, a small concentration of other eom-
jioin'iits, from which it is often difficult to separate them, may considerably
aff’eiit the mok'cular composition of the system. The increasing number
of well-erystalhzetl substances of high molecular weight, however, may be
taken fo indicate that it is difficult a priori to set a limit to the size of a
clienueal molecule. From the above it would appear that though protein
systems show many iustances of typical colloidal behaviour they lie on a
border land.

The colloidal dimension.

Protein systems offer an instance of the difficulty of differentiating
tiolloidal from molecular systems on the basis of the size of the ultimate
particles taking part in chemical reactions. Colloidal solutions of gold
may have very small particles, whose size is very much less than that of
many truly dissolved molecules. The process of formation of a saturated
solution reyiresents a spontaneous splitting of the mass into ultimate par-
ticles, the size and number of which are completely defined. Conditions
are different in colloidal solutions. Attempts have been made (e.g.
Domian, Tolman) to build up a thermodynamic treatment of systems of
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colloidal particles, based on the similarities and by ineludinpt surface
energy amongst the variables which are taken to doterinino tlio

energy in chemical thermodynamics. We know that oil disperses in water
in the presence of suitable emulsifiers. It api>ears to simulate the process
of solution. The size distribution curve, however, depends on tlio emul*
sifier and the condition of the omulsifiention. But- in most cases tlu‘

emulsions can be shown to constitute a heterogeneous system. Jf we
take the simple systems of a number of droplets of a ])ure substance,
enclosed m a given space, they can only be in stable e((uilibnum so long as
they do not come in contact and if the A apour pressuri' of each part.icle

be the same. The curvature and hence the size and the shape must be
identical If, however, some of the particles are electrified and some
are not, jiarticles of different size and shape may bo in (Hjiiilibrium.

Similarly, if inst(‘ad of a pure substance we take drops of a solution, parf icl(‘s

of dilTerent size and shape may also be in equilibrium. Besides, tlu'

interface is the seat of chemical interactions which load to a tlisplacement

of equilibrium, fonnatmn of molecules not equally stable in the cont iguons
homogeneous phases, and the orientation of moh'cules. 'J’h(\y also a-ffoct

the kinetics of chemical reactions. Those considerations illustrate that
the interactions of various sources of energy at tht^ nii erface may lead to a
stable equilibrium betwei'n particles of different size and shape, even though
the system as a whole is not homogeneous, as ordinarily understood.
But in contrast to ordinary chemical equilibria, the conditions obtaining
m these systems do not sernn to lead to a permanent adjustment between
the different- sources of energy. In fact, this want of permanent adjiist-

m<‘nt seems to mark the fundamental characterist ics of colloidal systmns,
HjxM'ially the biocolloids which are in addition very sus(;eptil>le to chemical
changes. To tins feature may be ascribed their import anc(' and associa-

tion with bioproeessos and biological systems. I'bey admit of more
eontmuous changes which are brought, about Viy smalt changes in the

absolute value of energy. Tt is therefore not so much the size of the

partieli' but the nature of int-erfaeial energy and the ease with which
the association between the individmil parlieles on the one liand and that-

between the particles and the ‘ dispersion mi'ans ’ on the other, wdiicli

<'haracterize colloidal systems and their importance in such widely different

branches of science as meteorology, geology, soil science and biology.

The size is of importance only in so far as the size determines wdiether

intorfacial energy has attainotl a magnitude comparable with the con-
tribution of the other faet-om to the total energy. In purely physical

processes, such as Jirownian movement, rate of settling, the scattering

of light and others, the diinonsion of the particle has of course its

importance.

Solvation and struct are.

The relation Ixd-woon the particles and the ‘ disjiersion means ’ is

illustrated in agriculture by the speculations regarding the manner in

wbicli the moisture is associated with the soil and in iirotom systems by
their hydration. The mutual relationship between particles is well

illustrated by the stream double refraction of certain colloidal solutions.

We have to consider in addition to the ‘ isotropy ’ and ‘ anisotropy ’ of

the substance in bulk, of which the particles are composed, the ‘ isometry ’

and ‘ anisometry ’ of the part icles. I’ho elastic proper!,ies of gels illustrate

the importance arising out of the structural arrangem(*ni of the particles.

The interjilay of solvation, structure, the electrical double layer and surface

tension give rise to such characteristic colloidal properties as coagulation,

syneresis, shrinkage, swelling, solation, gelation, thixotropy, antagonism,
dilataney, plasticity, etc.

A similar difficulty regarding the difterentiation between the colloidal

and orystalloidal systems arises when one considers solvation and structure.

Solvation and formation of hydrates, solation and solution, gelation and



108 Twenty-fifth Indian Science Congress.

wilting out, crystal structure and gel structure are pairs of phenomeiia
which show some similarities between themselves. The imbibition of

moisture by gels whieli often lead to swelling shows considerable similarity

totheabsorfjtion of moisture by some crystalline substances, e.g. chabasile.

Jn quite a large number of cases the criteria set forth above help us to

differentiate between those parallel types of behaviour. But wlion we come
to the border land, represented mostly by biocolloids, the differentiation

loses its sharpness. Ultjinatoly a general theoretical treatment will be
available, which will reconcile these differences and fully account for

tlie similarities. The jiossibilities of such a reconciliation in the case' of
the simpler inorganic colloids, in so far as their interactions with (*lectro-

lytes an^ concerned, have been indicated by the speaker in a recent

publication.

,‘l. Dr. a. N. PrRi bricdy refeiTc‘d to some special problems of

Soil (-heiuistry.

1'here was a short disciisKioii m which Prof. S. S. libatnagar and
Prof. V. Subrahmanyan joincHl among others.

XXVr. RELATION OF ZOOLOGY TO MEDICINE,
VETERINARY SCIENCE AND AGRICULTURE.

{Sections of Zoology, Medical lieseareh. Veterinary Research,

Entomology, mud Agriculture.)

A joint molding of the' sections of Zoology, Entomology, Medical
Research, Vc'tt^rinary Research and Agriculture was held in the* Audi-
torium of the All- India Institute of Hygiene on January 5, 1938. at 1-30

T.M. (kil. R. Ji. S. Sowell was in the chair. The meeting was largely

attended and a miriiber of (Iversca delegates participated in the dis-

cussion.

1. Dk. Baini Prashau, Calcutta, opened the discussion.

Detailed biological and ecological studies c-arried out all over the
world have clearly shown the great dependance of the various types of

plant and animal life on one another, and the very great influence exerted
by some of them on the different types of food-crops, fruit-trees, animals,
etc., which are so essential for the existence of human life. The great
advances made within the last half a century or so in the study of diseases

and parasitology have further shown the very great importance of the
various classes of animal parasites, particularly protozoaxis and helminths,
ill connection with health problems, not only of mankind but also of the
various classes of domestic animals. In connection with the latter, tho
importance of Animal Husbandry, particularly in rofe^rence to their

breeding, selection and genetics, has opened up very wide fields of research.
In opening the discussion on the relation of Zoology to Medicine,

Veterinary Science, and Agriculture tho author discussed briefly the
interrelationships of these subjects along the lines indicated above. In
regard to Veterinary Science and Agriculture, the question of biological
control was referred to and its importance stressed in connection with
any measures that might be suggested or adopted for the control of
various animal pests and parasites.
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2. Dr. Dev Raj Mkhta, Kasauli.

Possible Pole of Arthropods as Vectors of Typhus,

In the Simla Hills there' exist two types of typhus fever, tlie^ serum of
one agglutinating strain of Proteus xK and not x 19, whilst that of the
othei“ give's the opposite re'aedion. Case's of typhus xK are) re^pe^rted

during August and Septeinbe'r and the)se» of the x 19 typo occur during mid-
winter and early spring. Probably this seasonal 'incidence of the twe)

type-js of typhus is depondeait on the provale'nco of difterent arthropod
vectors em tbe‘ possible roelent reserveurs of infe'ction at these particular
periods.

A total of 2,451 rats, mice, aiiel shrews we^rc trappeei at Kasauli anel
Sabathu during 19.35-36. The rats are the accepted reservoirs of typhus
in otlu'r ceiuntrics and harbour a virus ielentical to that obtaini'd from
human sources.

Ameingst the external parasites on these rodi'uts arc included the fleas

Xrnopsylla cheopis, ( eratophyllus simla, (^teuoccphalus cams and C, fells,

ami Leptopsylla scynis. ’’j'he principal mites obsca’ved an* Lipomjssus
hacoii, Dermauyssus sp., Kchinotaelaps cchidnimis, and larval lorms of
Trouibirula. Tin* ticks arc represent-od by lla* iinmaturt' stages of Hjfa-
lotmna acyyptium, Phipicephalus .satKjuiue/iis and P. hacniaphysaloidcs,
Hacmuphysalis sp., and adults of the genus Ixodes. The louse Polyplax
spmutosd is very frequently found.

The ileas (A', cheopis and C\ smda) are the likely vectors ol tbo x 19
form of typhus. Thi* possible role of rodent I'ctoparasites as M'ctors of
tyjihiis X K will bo discussed.

3. Dr. a. C. AGGARWAnA. Lahore.

Zoology hi relation to Veterhmry Science.

In this general paper, the author, after defining Veterinary Scuaice

111 terms ol animal husbandry, has stressed upon the maintenance of

annual health and eflicioncy, including protection fi’om the ravages ot

ihseasc as an all-important factor in the succt'ss of agricultural life and
procedure in India. Without a true knowledge of th(' cause of disease,

remedial moasuics cannot be appropriately det(‘rnimcd and olfectively

applied, Tho elucidation of the cause of disease, }i(»wever, is not alto-

gether a one-man issue. There are so many sides of a dis(‘ase that the

definition of causation invariably requirc's the colloelive effort and opinion

of experts in special sciences before any tangible summing up can be
arrived at. A suitable team of research workers, including physicists,

cbcinists, biochemists, botanists, zoologists, veterinarians, etc., must all

collaborate and render noc<'8sary aid m the survey of (‘ircurnstanci's which
jioint to the different aspects of animal diseases. A zoologisl is parti-

cularly mdisjiensable in the field of Veterinary Parasitology which includes

Votcrinary Protozoology, Helminthology, and KnIomoJogy. Plveri till

to-day eomparat i^'ely little is known about a luimlier ot jiarasites which
set up a variety of diseased conditions in tlom(*slic animals and are res-

ponsible for heavj^ losses to the country. Apart from this, a w'orking

knowledge of zoology is essential not only to qualify as a vi'termarian

but also for the everyday duties of a qualifu'd veterinary surgeon. Again,

in animal breeding, which has been very aptly tielined by Dr. Crew as
‘ an adventurous experimental study m applied biology a knowledge of

the principles of evolutionary biology and an up-to-date stufly of the

research work carried out by the zoologists in the field is extremely useful.

The author, however, does not appear to bo very much struck by the ultra-

ueailemie sentiment that ‘polite learning and true culture admit no
contact with utility and from a practical standpoint and as a veterinary

field worker, he pomts out that while tackling Veterinary Parasitology one
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should not beronie ho inuoh enpfrossed with the parasite as to forget the

(JisoaRc.

4. Dr. M. Sharif, Aligarh.

On the HeUition of Zoolofjy to Medicine and Veterinary Science,

with reference to Fleas and Tick^.

Fleas and ticks are external parasites of great economic importance.

They tranHmit numerous diseases to man and domesticated animals and
are also harmful in other ways. They have thus a direct bearing on
medicine and veterinary' scionco and an indirect bearing on agriculture.

(A) Fleas. »

Fleas atfect man and domestic animals in two ways : Firstly as

vectors of diseases and sec<mdly as blood suckers and annoyers of man
and domestic animals.

The chief interest of fleas centres roimd their connection with the
bubonic plague which is piimarily a disease of rodents from which it is

transmitted to man by fleas. This disease has played ha\'oc with man
from times immemorial and is caused largely, if not exclusively, through
the agiuicy of fleas. In India alone upwards of 7,000,000 deaths, due
to this disease, occurred between the years 1806 and 1911.

A diHoase known as infantile Kala-azar, found in oounf rics bordering
the Modittjrranoan Sea, is also supposed to be transmitted by dog or
human flea. Fleas arc the suspected vector of Kala-azar, thougli liomjiotont

opinion is still divided. Xenop»yUa efteopis can transmit the causative
agent of Tsutsugamushi fever under oxperimontal conditions. Ilteinor-

T hagic septioiemia, a fatal disease due to Pasteurella boviscptica, in catt le

is transmitted by Ctcnoecphalides felis. Fleas can also transmit Rickettsial

diseases in man. A flea acts as the intermediate host of the tapeworm
belonging to the species Dipuhdimn caninum which Is found in flog and
occasionally in man.

Besides the transmission of diseases, fleas are troublesome parasites.

In many cases they are said to have rendered houses or other places
uninhabitable for a time. The Sticktight flea {Echidnoplutga yallinacea) is

responsible in the tropics and certain parts of the United States of America
for a considerable annual loss to poultry breeders. The Chigoe {Tunga
penetrans) causes painful sores in man or even crippling if neglected.
During the Great War in East Africa the British Army had to wait
for two days to occupy a position of great advantage vacated by the
Gormans, on ac.count of its being infested with fleas of this species.

Fleas afford us a good instance that a mere systematic study of a
group sometimes helps to clear up certain points of great economic
importance. The Plague Commission in India failed to understand the
reason why certain places having similar ecological conditions had severe
plague while others like Madras and Colombo were comparatively immune
from it. It was found by Rothschild and Hirst that in the plague free
places the rats were infested with Xenopsylla ostia which is on inefficient

\'ector of plague bacilli, and in areas infected with plague, X, cheopis,
which is the most efficient vector of plague bacilli, predominated. Thus
a much despised systematic study of this group helped in explaining a
puzzle which the trained applied entomologists with enormous funds at
their disjiosal could not explain in a period of seven years.

The ecological work done on fleas by Buxton, Leeson, Sikes, Bacot,
and the present author deserves to bo mentioned. If the applied workers
in this field take advantage of their pioneer work, they be able to
understand the flea problem and thus save humanity from its depradatioii.
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(B) Ticks,

The harmful effects caused by ticks to aniinals and man ma;\ bo due
to {a) their bites, (6) extraction of blood, (c) transmission of diseases,

and {d) tick toxemia.
(a) Tick bites .—It is a well known fact that the bite of a tick causes

ulcers or small wounds which may servo as suitable places for bactiiriul

infections. If the wound caused by a tick bite is large, the eggs ina>' be
laid by flies wliich develop into maggots and cause cutaneous myiasis.
Ticks occurring on legs and between digits in sheep and cattle gi\ e rise

to sores resulting in lameness. The fowls may die of ‘ tick worry
(h) The extraction of blood by a largo number of ticks makt's the cattle

so weak that they are depreciated in value from the commercial fioint of

view. It makes tliem unfit for work and in milking animals the yield of

milli is reduced to a considerable extent. Repeated attacks by laigo

numbers of ticks shorten the life of atimials and make them weak so that
they become an easy jirc y to other diseases.

(c) Transmission of diseases .—The importance of ticks in general as
transmitting agents of various diseases of man and donu^stlcatt^d animals
continues to become more manifest as our knowledge of them increasi-s.

Smith and Kilborne (1893) made the first remarkable disct>very of the
possibility of transmission of protozoal parasites by arthropod hosts b>

demonstrating the transmission of Babcsui bigemina by Bouplrdus ammlatii.^.

This discovery by »Smith and Kilborne opened up the vast field of reseaich
on the part played by Arthropods in the transmission of jirotozoul diseases,

which has since then rov'olutionized our knowledge of tro]>ical diseases.

In man ticks transmit the causative agents of the relapsing fever

(Spirocha'tosis) all over the world, tho Kiokottsial diseases like Tick typhu.',.

Marseilles fever and tho Hoijky Mountain spotted fever of America ami
Tularaemia. In dona’ske animals they transmit diseases caused l),>

Babesia, Theileriat Anaplamna, Bnrtenaf and Viruses.

(d) Tick toxoBinia. - According to some observers the salivary secretion

of ticks contains toxms, and cases of tick paralysis in some animals and
man are generally explained on the basis oi their jm'sence. According to

Ijtegendanz and Roichenow (1931) the jioison causing tick paralysis is

specially formed in the female of Bhipicephalus .sangmneus dui'ing the

process of egg development. They experimental^ showed that injections

of eggs or ov'^aries of this tick just before ovdposition gave rise in dogs to

symptoms similar to those of tick paralysis.

The ecological studies on ticks have yielded useful results for their

control. Unfavourable climatic conditions wliich are mainly responsible

for keeping tho number of ticks in check, have been studied in soini)

countries. Ticks have natural enemies both predaceous and parasitic.

The study of their effects m limiting tho increase of the jiopulatioii is

being made at present in some countries. Regarding the parasitic enemies
of ticks a serious attempt by highly trained persons is being made at

present at Montaiina, where a research laboratory costing about sixt>’

thousand dollars was specially built for this purpose in 1927. According
to Cooley for the time being the use of tick parasites appears to afford the

most promising method of control.

5. Mr. M. Afzal Husain, Lyallpur.

Relation of Zoology to Agriculture,

Agriculture has always been, and will continue to be, the fundamental
industry of India. Zoology is intimately connected with this industry.

In Indian farming animals play directly a very imjiortant part. The
cow is indispensable, not simply because it provides wholesome food for

human beings, but also because it provides the most essential draught
animal—the bullock. The earth resting on the horn of a bullock is a
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true representation of the importance of this animal in our agriculture.

Ilesides, cattle are important to Indian agriculture as producers of manure
which is BO necessary for maintaining soil fertility. Again, cattle breeding,

sheep breeding, poultry rearing, apiculture, lac culture, and seri-culture

are well-recognized subsidiary industries for a farming community.
Further, animals of various groups directly and indirectly interfere

\^'ith efficient Agriculture by destroying crops and domestic animals.

Protozoa, worms, insects, birds, and mammals include serious foes of the
cultivator. Perhaps insects, sparrows, and rats cause damage to our
agriculture which is many times more than the cost of armaments, even
at the present time of feverish activity in re-arming.

A science, the object of which is the study of animals, has a direct

bearing on our agricultural prosperity. Knowledge of our animal friends

and foes will enable us to harness and control these tremendous zoological

forces to our best pui’pose in order that peace and plenty may prevail

in this world.

G. PnoF. F. A. K. Crew, Edinburgh.

The injiuence of heredity on resistance to disease.

'Iho problem of resistanc‘e to disease is of greiat scientific interest and
also of \ ital pra(;tical and economic impoi*t^noo. It is a complex problem
demanding for its attempted solution the aid of the bacteriologist, the
protozoologist, the physiologist and the geneticist together with others.

The degree of resistance, ranging from immunity to extreme sus-

ceptibility, depends upon a multiplicity of factors whicli may bo grouped
under the headings : environment, function, and inheritance.

'J'ho evidence in favour of inherited predisposition to or relative

immunity from disease is ov'erwhelming, but the relative importance of
heredity, function, and environment still remains an unsolved problem.

[The author could not attend this meeting.]

7. Dr. B. Sum daha. Haj, Madras.

Fisheruis—tiie Problem of Food Supply in India.

The heahli of a nation is its greatest asset and the Jbundation of all

licalth is a sufficu'Jit and properly balanced diet. It is now being empha-
sized on eveiy hand that the diet of the average villager is neithoj' sufficient

nor balanced, and scientific data is becoming increasingly available to
prove (‘xactly whi'ie and how the diet of the masses is deficient.! The
ji(dd eiujuiries so far ma<k' of groups of families show that according to

the standard accejitod for the average requirements of a manual worker
111 th(' U'rojiics, even villagers who are a little bettor off than the poorest
classes of cultivators arc underfed,*-* and most of the latter have accust-omeil
th(‘mselves to a state of semi -starvation.

Even worse from the physiologii^al point of view than the insufficient,

diet of the masses is the lack of essential food factors in the food that is

lakcn. Those are protiun, fat, and Vitamin A. Such protidn as is

obtainable at present by the villagers is usually vegetable protein of poor
biological valuo.3 The Export Commission of the League of Nations on
N'litrition has reported that ‘during growth, pregnancy and lactation,

! Press Commmiiquo—Director of Public Informa tion, dated 5-4-1937.
- Ceylon Journal of Science, Vol. TV, Part 1, dated 21-4-1935, an<l

Dr. Aykroyd and Mr. B. G. Krishiian ‘Diet Surveys in S. Indian Villages’;
Indian Journal of Medical Research, Vol. XXI\’, No. Ill, January 1937,
pp. 571-673.

3 Ibid., p. 579.
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;Some animal protein is essential and in the growing period it should form
a large proportion of the total protein \ Dr. Aykroyd has found that in

devising cheap balanced diets in India, the inclusion of animal protein
in adequate amounts is the point which presents the greatest difficulty.^

The sources of animal protein are milk, eggs, meat and fish. Milk
is the most valuable food known, yet it has been calculated that for the
Madras Presidency only 3*6 oz, per head per day is available from cows,
bufiPaloes and goats combined.2 In point of fact the great majority of poor
families consume no milk products at all.

Meat .—India has more than a quarter of the cattle of the whole
world—in fact, they have been calculated to number "2. for every three of
the population- -yet their milk yield as we liave seen is negligible and their

flesh IS forbidden as an article of food to Hindus, fh'ef and pork therefore

are used by only small sections of the population. There romauiH mutton
from sheep and goats -poultry is negligible—of which the available

supply has been caleulnted for the meat eating population of the Madras
Presidency at hardly -h grammes of protein daily.

Fish .—The prime source of fish is the sea, but apart from a negligible

amount s<*nt inland in ice for a few well-to-do customers the consumption
of fresh sea-fish is confined to a narrow belt of country 10- 15 miles wide
along the Coast which can be reached by runners, and possibly 50-60
miles from the Coast where bus traffic exists. Jhit in the inland areas,

where animal protein from other sourc(?s is in such serious defect, frosli

fish, except what eaii oecasioually be obtained from tonks and rivers,

IS altogether unjirocurable. Cured fish, oi which a hrnifi'd amount is

available, loses some of its most valuable qualities during tlie xiroeess of

curing, especially by the methoils UHn0 lly x>ractised in India.

The statistics of consumjition for a coastal town are available and
make interesting reading. Madras City, which had m 1922 a population
of 527,000, was found as the result of a daily market enquiry to consume*
about 9^ lbs. of fresh fish per head per aimum, taking only 80% of the

]>opulation as fish-eaters. This means that in a city actually situated on
the Coast and containing a large proportion of people living m European
style, many of whom take fish daily, and also a much greater mmiber of

people whoso standard of living is certainly above that- of the average*

villager, the average elaily consnmptiem of fish jier head is einly j eiz. Jt

can therefore be safe'Iy assurneetl that as a source eif protein to the underfed
masses in the great iiilanel areas fish is praetieally unkiieiwn.^ Se> much
for protein. Tlio next serious deficit in Indian eliet is its low fat content

and ill consequence the virtual absence of Vitamin A. According to Di.
Aykroyd the eiaily amemnt eif fat neet^ssary is 1^ to 2 oz. or 40 te> 00 g.^*

'fhe survt^y showed an average of only 4'4 g. daily for pear families arul

26*9 g. if well-to-do ones were mehidod.^ Fat in itself is a necessary

article of diet, while the absence or deficiency of fat -soluble Vitamin A
IS the source of much of the general low standard of vitality found every
where as we'll us the prime cause of widely prevakmt diseases such as

Keratomalacia, Kerophthalinia and certain skin diseases. No Indian

1 Health Bulletin No. 23, The Nutritional Value of Indian I^oods and
the Planning of satisfactory diets by Dr. Aykroyd, 1937.

2 Imperial Council of Agricultural Keseareh Report "Review of tlie

position of dairying and the development of Dairy Industries m India’,

1936.
3 Madras Fisheries Bulletin, Vol. XV, No. 6. A statistical account

of the Fish Sujiply of Madras. S, T. Moses. J 922.
* Indian Journal of Medical Research, Vol. XXIV, No. 3, p. 679 and

Vol. XXV, p. 5, 1937.
Health Bulletin No. XXItl, 1937, p. 5.

® Indian Journal of Medical Researcli, Vol. XXIV, No. 3, p>p. 671-
672, 1937.

8
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vegetable oil contains Vitamin A but animal fats such as butter and ghee,

and particularly fish liver oils are rich in Vitamin A. As wo have seen,

those are precisely tho elements in the food supply that are so lamentably
defective over tho greater part of the population, especially of irildnd

areas.

Tho population of India is rapidly growing. The birth rate is com-
puted to bo double the death rate tmd in another 3 years tho total popula-

tion is likely to roach 400 millions. The only important food industry

in tho country is agriculture, but tho total area under food crop only

amounts to *72 acre per head,i and the production of food from this, even
with improved methods and materials, cannot quickly or completely make
up the serious cliHcropancy between population and food supply, Tho
importation of food is precluded by the poverty of tho masses.

We are therefore driven to the conclusion that some now source of

food supply must be found, and that this supply must be particularly

rich in protein, fat and Vitamin A. In Indian fisheries we have a source

of food supply capable of immediate and immense expansion, and what
IS of the greatest importance, able to supply cheaply and abundantly just

those factors that are so seriously lacking in tho unbalanced diet of tho

masses of the people. At least 80% of tho population will eat fish.2 There
seems to bo no objection from any section of tho commimity to fish oil

as medicine. Tho Indian coast line gives us some 4,800 miles of access

to wide seas practically unfished. At present regular fishing is only

carried on by primitive methods over the greater part of the coast line,

})ut fairly accurate statistics are available of fish landed on the Malabar
(^oast of the Madras Presidency, The average catch per sq. mile works
out at 98*8 tons,^ and on this basis the possible production of the sea ui>

to the 100 fathom lino, which trawling experiments have shown to be the

most productive,^ should amoimt to 120,000,000 tons. When fully ex-

ploited, therefore, the soa fisheries of India, excluding Burma, should be
able to provide 37 J g. of protein per head daily. This will more than make
good the deficiency of 29*9 g. of protein in the diet of the poorest classes

as recorded by Dr. Aykroyd, and it will be protein of the greatest biolo -

gical value. Tho fat content of the diet will also be considerably aug-
mented if tho amount of 131 J lbs. of fish aimually per head of tho popu-
lation becomes available by proper exploitation, ccinservation and ^s-
tribution of the harvest of tho sea.

The deficiency of Vitamin A which in tho average diet js responsible

for so much suffeimg and economic loss among tho villagers, will at once
be made good by the addition of fish or fish oil to the food. Cod liver

oil has long been recognized as a valuable source of this essential food
factor, but the oil of the Indian skate has been found to bo just as potent
in value; the richest known source of Vitamin A is halibut liver oil, but
in spite of crude methods of preparation, it has been proved that Indian
shark liver oil has nearly half tho Vitamin A potency of halibut liver oil.^

That is to say, in Indian shark oil we have a potency of Vitamin A equal

1 Annual Report of the Public Health Commissioner for India for
1933.

2 The Census Report of 1931.
3 Madras Fisheries Bulletin: Fish Statistics from 1925-26 to 1930-31.
^ Collection of papers dealing with the Fisheries Survey of the Bay

of Bengal—Calcutta, 1911;
Report on the work of the S.T. ‘William Garrick’, Department of

Industries, Bombay, 1923; and
A Preliminary Report on the possibilities of Commercial Trawling

in the Soa around Ceylon—Ceylon Journal of Science, Section C—^Fisheries,
Vol. II, 1926, pp. 1-166.

^ Annual Administration Reports of the Madras Fisheries Depart-
ment—1935-36, Paras 79 and 80; 1936-37, Para 92.
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to ten times of cod liver oil. Even Malabar sardine od, whieb eould oasilj*

be made both abundant and cheap, has been found where j^roperly jiri'parocl

tn coiftain a quarter the Vitamin value of the best imported cod liver
oil.

In his Pi*osideiitial address to the A^ricniltiiinl Section last year
Mr. Viswanath ostimat,ed the total output of food niirc*;^en fnnn idl classes
of crops in India at only frds of the actual r<*(|uiremeuts of I he population.

^

Indian fisheries potentially offers an onomious and hardl\ oxjdoited souive
of food supply which ooncorns the bulk of the pojuilntion and which if

developed will far to revolutionize the diet of the massivs bi'sidcs

conferring on the people other attendant benefits of increased wealth and
occupat ion and may form a training ground for the ful lire Indian Navy and
Mercantile Marino.

8. PROii’. W. ]\l. Tattkrsall, Cardiff,

The development of the commercial fisherii's of India as a source of
food supply, so ably advocated by Dr. Surulara Ibij, is to be whole-
h(»artodly commended. If, however, it is to be successfully accomplished
it should be done on strictly scientific lines from the commencement
The groat iiood of India t<o-day is the establishment of a fishery department
for all India, such a carefully planned programme of Seientilic research
into fishery problems, covering a long period of years designiHl to co-

ordinate and develop the commercial fisheries of the whole country

.

'I’ho marked success which has attended scientific research into fishery

problem in Eurojio during the last thirty years deserves r*areful study
by those who are interested m the development of Indian fisheries. Such
success had as a basic, purely scientific zoological studies on the jilankton

and on the scales of fishes, but these studies had been fountl to bo of
enormous value when applied to fishery problems, for instance, as a result

of such work it is now possible to forecast, not only the yield of the herring

fishery in any particular season, but also to indicate the areas which can
be fished most profitably. This forecasting of the herring fishery had
enabled the industry to plan its work on economic lines wuth a dofinile

saving of time, labour and money. The precise methods of research, so

successful in Europe, may not be strictly applicable to Indian conditions

and problems, but the lessons of carefully jilannod research and its results

should bo carefully studied and taken to heart. It should not be difficult

to modify and adapt European methods to the distinctive problems
of India. If the fisheries of India are exploited solely from the com-
mercial aspect, without regard to the scientific principles which should be
tJioir fundamental basis, there would bo grave danger of the fisheries

being ruined in the end. The problems of overfishing and close seasons
especially require to bo borne in mind and the lessons to bo learned from
earlier disregard of these aspects of the fisheries in Europe carefully noted.

9. Col. A. Olver, Mukteswar.

I have prepared no paper for this meeting but there are a few remarks
I would like to make in regard to what has fallen from previous speakers.

1 feel that the most important aspect of an Husbandry in India at present

IS the nutritional aspect as it concerns the human race and 1 am very
much in sympathy with the Director of fisheries who has drawn attention

to the importance of fish as a source of first class protein and vitamins in

which Indian diet is so lacking.

The development of Fisheries is not a sul^ect with which we of the

l.C. of A.B. are directly concerned except as regards inland fisheries but
realizing that something ought to be done we have endeavoured as far as

1 Proceedings of the Indian Science Congress, 1937, p. 364,
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j)OMHible tt) foKtor the development of nea fisheries which you have heard
<*ould furnish an immense supply of most valuable food.

Then there were a few points regarding the supply of milk to which
he would like to refer. Tt had been said that in M^ras the consumption
of dairy products of ail kinds per head per day did not amount to more
than about the equivalent of roughly 3 oz. per day, while surv^eys carried

out by the l.C\ of A.H., the marketing survey and Major Gen. Megaw
had shown that the average for the whole of India amounted to about
7 oz. per diem. This was far too low particularly for a population which
is predominantly vegetarian and there was no reason why it should not be
greatly increased. It was commonly said that Indian cows were hope-
Jossly bad milk producers but they had been able to prove that this

assumption is quite incorrect. Figures which had been obtained by the

investigation carried out by the animal Husbandry Bureau of the I.C’.

of A.K. had shown that if properly fed and managed selected Indian cows
could hold their own quite well as milk and butter fat producers. In
fact there wore now several herds of pure bred Indian milk cattle which
even under Indian conditions had reached a higher milk yield than the

average of dairy herds in Europe and America. Moreover the average
butter fat content of milk of Indian cows was nearly 5% while that of most
European breeds was Ixitw'oen 3*2% and 3*7%. This investigation had
also shown that by proper feeding and management the milk yield of

Indian cows c,ould be greatly increased. Ordinarily Indian cows were
very badly fed from birth. Only w*hen they were giving milk did they
i-occive anything to supplomont what they could pick up and their milk
yield was hopelessly low but investigation had shown that the average*

yield of the same cows under good but not excessive feeding and proper
management had all over India been increased by an avi^rage of 04%.

Buffaloes had been more carefully bred and fed for milk production and
there was not the same scope for further improv*emenit in their case but
there was no reason why much better use should not bo made of cuttli*

to increase the yield from the land. At present too much attention was
paid in India to the production of food crops but if more fodder crops wen*
produced and the cattle better fed on the cultivated lands they could
<*asily increase the yield from crops so that more milk and better cattk'

would bo jiroduccd and the return ])er acre greatly increased.

Jjooking from the pm’oly zoological point of view he was greatly
<'onccrned in the improvement of live stock of all kinds and the main
factors in this work wore disease control, careful selective breeding, better
feeiiiiig and to make the most out of live stock it was necessary to make
a candul study of existing breeds jiarticularly of cattle. The .so-calle<i

Indian (-attle were derived from a number of distinct types.

10. Sir Frederick Hobday, London.

I am pleased to be allowed to-day to add my testimony to the value
of a meeting like this whore the title expresses the importance of working
together as a team; and your title is ‘ the relation of Zoology to Medicine,
V'eteriiiary science. Entomology and Agriculture’. Every branch of
zoology IS of importance to give assistance in the fight against disease and
in none more than in the aid it can give to animals—not only in the '‘cure ’

but (which is of ever more importance) the '’prevention' of diseases. Agri-
culture is the backbone of every country and its framework is made up
of the produce of its arable land and its animals— in about eipial propor-
tions, The wealth of the owner of the animals depends upon the health
of the animals—and the health of the animals must depend on the man
who devotes his life to the study of their diseases and their prevention

—

i.e.; the duly qualified and scientific veterinary surgeon Sir Arthor Giver
has spoken of the importance of the study of nutritional diseases to the
growth and health of young stock. I wish to emphasize this and to
say at this point how very important is the help of the zoologist—whether
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he in a Hpecialist in helminthology, Entomology or any other branch of
this science. The zoologist studies and works out the lifo-lnstory and in
collaboration with the veterinary practitioner and together they en-
deavour to discover the place in the life-history of the parasite whore the
link of the chain can most effectively be snapped.

Your scientists of India have been so hospitable to us that wo all

hope to bo hoi’e again at your next jubilee !—and again let mo sa>' what
great pleasure it has given me personally to be allowed the privileges t«>

spend in this section this afternoon.

U. Prof. G. D. Half Carokisttfr, Oxford.

The diseases known as Trypanosomiasis in Africa afford the best

example of the interrelation of animals and man. The tse-t so fly disease

of S. Africa known to Livingstone and considered by him to bo duo to

some unknown living ( rganism injected into cattle and horses by (UoftauHi

niorsitans was shown by Hruce to be due to a flagellate protozoon, 7V//-

panaome hrucei^ derived by the fly from wild animals. When a serious

(‘pidomic disease (Sleojiing sickness) on the coasts of J..akc \bctoria in

Africa destroyed hundreds of thousands of natives at the end of the 19th
contury it was shown to be due to an another sjiecies of Try]>aiisomi‘.

Here the disease and its causal organism were known first: tin' carrier had
to be found. It was shown to be another species of tse tse fly (iloNvtna

palpnli.s\ and the analogy w’ith S. African ‘Ely disi^asc'' of cattle wu>
completivl.

12. PuiNCiPAT. 11. L. IhlATlA.

Dr. 11. L. lUiatia who started teaching Zoology more* than Ho

ago, felt delight in seeing that now there wei’c a number of zoologists who
have specialized in Protozoology, Hehninthology, and Entoinrdogy, and
that the Medical and Veterinary Departments were now no longer averse

to making use of their services. He further stressed thi' ikhmI of the
discoveries of science being made known to the general public, as th('

general public seem to be under the impression that the cost of scii'iitific

research is out of proportion to the benefit that is actually derived by the
people. Hence the need for greater publicity and closer co-operation of
the public.

XXVIl. A NATIONAL HERBARIUM FOR INDIA.

(Section of Botany ,
in co-operation with the Indian Botanical

Society.)

After a few introductory remarks. Prof. 11. Salim re(|uestcd Prof.

S. P. Agharkar to oiien the discussion.

1. Prof. S. P. Agharkar, Calcutta.

Opening Remarks,

By a national herbarium I understand a collection of plants which
is fully representative of the species including all their varieties, forms,

hybrids, geographical races, etc. found within the country and its adjacent

parts and which includes as many types and co -types of those as possible.

Each species should be represented from as large a number of localitif's
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and aK many types of habitats as possible, so as to afford a complete
j)ictiire of its distribution and ecology. It should include further all

plants cultivated in the country either as food crops for man and beast,

raw materials for industry, medicinal drugs, or as ornamental plants.

Jn short, it should include a complete representation of the wild and
•cultivated plants of the country and their variations.

Such a collection is needed not only for the use of Botanists, but also

lor Foresters and Agriculturists as well. Its importance for the prepara-

tion of local and provincial florets, which are absolutely necessary for the

spread of a knowledge of plants among the people and inculcate in them
habits of accurate observation is very great. Problems of geographical
distribution of plants and their ecology can only be studied with the help
of such collections.

The National Herbarium should be associated with a botanical garden
(or gardens) for the cultivation of as many species as possible. ,

This will

make it possible to study the plants in a living condition, and note tlie

range of their variation.

In order to find out tlie material that is available in India I wrote
to the heads of various Indian herbaria for information regarding the

(1) origin and history of their institution, (2) the collections included
therein, (3) the staff, (4) library, (5) exploration grant and any other
features of interest. From the replies received, it becomes evident that
no institution in India can bo said to satisfy completely the requirements
of a National Herbarium.

The nearest approach to it is the Sibpur Herbarium which could bo
converted into the national herbarium, if appropriate means are chosen,

within a comparatively short space of time and without miduly largo

expenditure of money. The Sibpur Herbarium contains more than two
million sheets and includes a large number of duplicates of some of the
earlier Indian Collections.

A detailed account of the collections available in the Sibpur Herbarium
IS given in T. Thomson’s paper ‘ Notes on the herbarium of the Calcutta
Botanic Garden, etc. ’ published in the Journal of the Asiatic Society of
Bengal, Vol. XXV (1856), pp. 405-418. A further account of the Indian
collections is given by Sir George King in his address to the Botany
section of the British Association at the Dover meeting in 1809 on ‘ A
sketch of the history of Indian Botany ’.

The Royal Botanic Gardens, Sibpur, in which the Herbarimn is

situated, and the Lloytl Botanic Gardens, Darjeeling, afford necessary
facilities for the study of living plants.

Another Institution which deserves mention in this connection is

the herbarium of the Imperial Research Institute, Dehra Dun. R. N.
Parker in Bulletin No. 73 (1931) of the Imperial Forest Research Institute
‘ The Herbarium of the Forest Research Institute ’ has given an account
of the collections included in the Dehra Dun herbarium. Mr. Parkinson
has also contributed a paper on this subject for this discussion. Notices
rjf other Indian herbaria have been given in the papers which have been
contributed for this discussion.

Unfortunately very few of the earlier collections, on which the
•lescriptions of Indian plants are based, are now available in India. They
are to be found in various British and European herbaria, the most
important of which are those of the Royal Botanic Garden, Kew, and the
British Museum. An account of the collections at Kew is contained in
the paper which has been contributed for this discussion by Sir Arthur
Hill. An account of the Indian collections in the British Museum is to
>)e found in Sir G. King’s address referred to above. Prof. A. B, Rendle,
M'ho has been keeper of the Department of Botany of this institution,
and who is with us to-day, will I ho^ supplement these remarks. Besides
these, considerable collections of Indian plants are found in many European
herbaria, an account of which is found in de Candolle’s Phytographie
(1880).
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It is useless to speculate regarding the causes which may have led
to this result. The fact, that nearly all the workers engaged m the Scientific

study of Indian plants in those days wc're Europeans may have had some-
thing to do with it. As collaboration with European botanists and
comparison with specimens in European Herbaria was necessary for the
purpose, most of the collections were taken to Europe for study. A very
large part of these, including types of new species have roraainod in

European instif utions and only a small part has been returned to India.
The absence of any rules, until recently (July, 1937), for the loan, gift

or exchange of specimens from the Sibpur Herbarium may have facilitated

this.

Distribution of duplic*at/t>s also was principally confined to European
herbaria. The most glaring instance of the omission of Indian herbaria
from distribution of Indian plants was the distribution of sots of Wallichian
collections, of which no complete sot is available in India.

It has thus come about that most of the types of Indian species are

found in European herbaria. An unfortunate consequence of this has
been that no critical work on Indian plants can bo done iii India and
Indian herbaria have become mainly agencies for the collection of plants
for Kew and other non-Indian institutions.

The purpose of this discussion is to suggest ways and means to

remedy this situation by the establishment of a National Herbarium and
thus make it possible hir work on Indian plants btung done in India.

The absence of types of Indian species from Indian luuharia has already
been referred to above. An effort should, therefore, be made to accpiire

as many types and co -types of these as possible for Sibpur. In cases

where it may not be possible to acquire those, specimens should be col-

lected from the original localities—where these can bo ascertained—and
made into secondary types after matching them with the originals and
supplemented by their photographs. In this way a collection will be
built up in course of time which will bo siilTicient for nearly all purposes.

Acquisition of typos or co-types is, however, not sutiicient by itself

to serve the purpose. The institution must also bo adequately staffed

so that the collections will bo prciporly cared for and made available for

scion title investigations.

The present scientific staff of the Sibpur Herbarium consists of the

Suponntendent and the Curator appointed by the Government of Bengal
and one Sj^steraatio Assistant appointed by the Governmoiit of India.

The Superintendent being also the administrative officer for tho Royal
Botanic Gardens, and Lloyd Botanic Gardens, can only devote a part of

his time to this work.
It is obvious that this staff is insufficient if wo expect original scientific

work from them, and that it is necessary to strengthen it. The least

that could be done would bo to restore the post of second Systematic
Assistant which was retrenched by tho Government of India os a measure
of economy in 1932. It is further necessary to obtain the co-operation of

members of the staff of Indian Universities in working out the collections

and in conducting a botanical survey of parts of tho country which have
not yet been explored. It will be necessary to provide for grants for

exploration work both by the herbarium and University staff. It will

also be necessary to depute members of the herbarium anfl university

staff to Kew as Liaison officers for periods of 2-3 years each during which
they will bo able to acquire a knowledge of the collections at Kew and
elsewhere.

This can easily be done without extra expenditure if the existing

provision for the Assistant for India at Kew is utilized for this purpose.

It is, perhaps, not generally known that India has maintained out
of its revenues, the post of an Assistant on the Staff of tho Kew Gardens
since 1883. This official has, nearly always, been a retired official who has
never served in India after the period of his appointment at Kew. The
knowledge and experience that he gained at Kew has thus not been
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directly available to India. If on the other hand, the assistant for India
is chosen from the staff of the Universities as suggested above, we shall

Boon be able to have a number of Botanists in India with a knowledge
of the Indian collections in Europe who could be entrusted to work out
Indian collections. The teaching of Systematic Botany in Indian Univer-
sities will also markedly improve by this measure.

I made this suggestion at the last Imperial Botanical Conference held
in London in 1935. I am glad to say that Sir Arthur Hill, Director of the
Kow Gardens, who is with us to-day, has recently proposed to the Secretary
of State for India that this method be adopted in future for the appoint-
ment of the Assistant for India at Kew. I hope the Government of
India will be able to accept this proposal, which is likely to be of immense
benefit to India.

Another subject which is likely to be raised in the course of this dis-

cussion is a reorganization of the Botanical Survey of Ir^dia. Prof.

Bharucha, of the Royal Institute of Science, Bombay, I understand,
wishes to raise this question and jircss for the constitution of provincial
Botanical Surveys.

The present moment may perhaps be regarded as opportune for this

tliscussion as the Dii-ector of the Botanical Survey of India has gone on
leave preparatory to retirement and no aimomicement has yet been made
regarding his su(!Ccssor. From the arrangements announced so far, it

appears t/hat it is proposed to distribute the duties hitherto performeil
by the Director among three oflicers, viz. (1) the Superintendent of the
Royal Botanic Gardens, (2) Curator of the Industrial section of tlu*

Indian Museum, and (3) Superintendent of the Cinchona department, the
post of Director of tho Botanical Surv’ey itself being kept in abeyance.

The Botanical Survey of India was constituted by the Secn^tary ol

State for India in 1885 in order to bring the various provincial Botanicid
departments into communication with one another. There were four
such provincial departments : (1) the Royal Botanical Gartlens, Sibpur,

(2) tho Government Botanist’s department, Madras, (3) the Botany
Department of tho College of Science, Poona and (I) the Botany Depart

-

merit of Northern India at Saharanpur. Three of tho provincial depart-
ments have now practically ceased to exist.

The Botany Department for Wostorn India, which was attached in

the College of Science, Poona, was transferred to the Agricultural College,

Poona, on its establishment, and placed in charge of tho Economic
Botanist to the Bombay Government. One of the assistants of the
Economic Botanist looks after the herbarium, there bcung no arrangement
for exploration or upkeep. Purely scientific work is not now being don(^

The Madras department has also suffered a similar fate. The po.st

ofGovernment Botanist continues to be kept in abeyance since Mr. Barber,
the last holder of the post, was appointed Imperial Sugarcane Specialist.
The papers by Mr. Cherian Jacob on tho Madras Herbarium and by
Dr. F. H. Gravely on the herbarium of the Government museum gi\e
an account of these herbaria.

On the abolition of the Northern India Botany Department, its

herbarium was transferred to Dehra Dun and on the opening of the new
Forest Research Institute in 1909 was amalgamated with the Forest School
Herbarimn. Mr. Parkinson has contributed an account of this herbarium
for this discussion.

Under these conditions it is not surprising that comparatively a small-

amount of scientific work is being produced by officers of the Botanical
Survey.

It is on the other hand gratifying to note that an increasingly larger
amount of work is being produced in the Universities, in most of which
facilities for research work are available. Some of the Universities have
also herbaria attached to their departments, accounts of some of which
are found in the communications received for this discussion.

It is, therefore, necessary to associate them more closely with the
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work of the Botanical Survey by the provision of exploration grants and
facilities for the deputation of members of their staff to Europe for study-
ing the Indian eollertions available in those countries.

Ladies and gentlemen, I do not wish to detain you further, and request
you to express your views on the subject so that a practical scheme can
be elaborated for consideration by the proper authorities.

2. Mr. C. C. Caldkr, Sibpur, Calcutta.

The Herbarium of the jRoyal Botanical Gardens^ Gihpur.

The present collections of the Herbarium date from the 18th cent ur\ .

They consist of plants contributed by almost every worker at Botany in

India since, and of contributions from Botanists in Eurojie. It is first

and foremost an Indian Herbarium. It contains a fair amount of foreign
collections of S.E. Asia, Japan, Persia, Asia Minor, Europe, Africa and
America. Invaluable c-ontributions have been received in exchange
from the Director of Kew, Sir William Hooker and his son and successor
Sir Joseph Hooker. Interchanges with many botanical institutions both
in Europe, Asia, India and America have inati'iially enriched the her-

barium in the exotic collection. Amongst the private contributors in

past times, who have enriched the herbariimi collections by their donations,
mention must be made of Vicary, Edgeworth, (Jrinith, Wight, Simons,
Law, Clibson, Stocks, Dalzell, Kiirz, Miquel, Jimkins, Maingay. Bottler,

Heyno and Klein. Amongst contributors m later times may be men-
tioned Kurz, Scully, Aitchmson, Duthie, Beddome, (\ H. Clarke, J. S.

(ramble, Brandis, King, Aiulerson, Falconer, Maclellaml, Mann, Fisher,

Fischer, Kaiijilal (Si'iiior), CVdlett, Sir .1. 1). llook(‘r, «1. (1. Wood, Bc\

.

.1. Campbell, Watt, Burkill, CaM', Pantling, ClainniK', W. W. Smith,
Craib, Carden collectors and Botanical Survey collectors sinci' 18110.

The superior staff consists of the Superintendent of the Carden
and the (^irator of the Herbarium.

The Library consists of 22,r>00 volumes of books and journals

arranged systematically under subject and regional heads with alphabetical

card index of authors. They are mostly on Taxonomy of plants.

Koxburgh’s unpublished drawings running to several volumes and
the manuscript catalogue of Wallichian sheets, also unpublished, arc

features of interest.

3. Mb. C. E. Pabkinson, Dehra Dun.

The Herbarium of the Forest Research InslitutCy Dehra Dun.

The herbarium of the Forest Research Institute at Di'hra Dun was
started by Mr. «1. S. Gamble of the Indian Forest Servieii who became
the Director of the Forest School in 1890. To start tla^ collection ho
presented the herbarium with a tluplicate set of Ins own collections that
he made in Bengal and Madras and he added to it by collecting assiduously
during his stay in Dehra Dun and from the contributions that hi’i received
from various forest officers whom he had doubtless interested in botanical
work. Gamble collected exotic plants which are so fi’equently neglected
by collectors and many of these are of interest in that they show the
date of introduction and source of many of the bamboos and other plants
grown in the Forest Park and grounds of the Forest School at Dehra
Dun. Mr, J. F. Duthie of the Botanical Department of Northern India
contributed largely to the Forest School herbarium and good local collec-

tions of trees and shrubs were obtained by the Instructors and students
of the school, especially from Upendranath Kanjilal and Mian Birbal.

Several private collections made by forest officers appear to have been
presented for instance by A. Smythies from the Central Provinces, Gustav
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Mann from Assam, A. Lowrio from Ajmer, J. C. McDonell from Kashmir
and R. Ellis from Chamba. J3y exchange a number of Atietralian plants
were received from Baron von Mueller.

The herbarium was originally housed in one of the buildings belonging
to the Forest School, now the Forest Rangers’ College in I)elira Dun,
and it became part of the Forest Research Institute in the course of its

<l<wclopment. In 1908 tlic herbarium of the Botanical Department of
Nortliorn India was transfoiTed from Saharanpur to Dehra Dun and
with the opening of the now Forest Research Institute at Chandbagh
it was amalgamated with the Forest School herbarium in 1909 and housed
with the Fort‘st Botanist’s olTice in a separate building in the Chandbagh
estate north of the main institute building. Nothing is known of the
lolative sizes of those two herbaria except that the Saharanpur herbarium
was larger than that of the Forest School A note on the origin and
development of the Saharanpur herbarium up to the time qf its transfer
and amalgamation with the Dehra Dun herbarium will be of interest.

The Botanical Cardens at Saharanpur were established in 1816
but no proper herbarium was formed till many years later. Dr. Govan,
the first Superintendent, collected plants in the Sinnoor State in the
Simla hills and part, or possibly the whole of his collections, which have
since not been traced, wore listed in Walhch’s Catalogue. He was suc-
ceeded by Dr. Royle, well known for his * Illustrations of the Botany of
the Himalaya moimtains ’ published between the years 1833 and 1840.
Hoyle, during botanical explorations in the Doon and the hills north of
the Doon and the Simla hills, made a collection of herbarium specimens,
the bulk of which he took with him on retimment to England and were
sold after his death in Eondon for a few shillings, but some that he left

behind were preserved in fho Saharanpur herbarium. Dr. Falconer
succeeded Royle in 1831 and the collections that ho made or obtained
from various parts of India wore mainly sent to London but some have
been preserved in the Saharanpur herbarium. Dr. Jameson who succeeded
Falconer in 1842 made few collections of interest.

Mr. J. F. Duthie succeeded Dr. Jameson in 1876 as Superintendent of
the Botanical Garden and in 1887 ho became the Director of the Botanical
Department of Northern India and from that year up till his retirement
in 1902, was able lo devote his time entirely to Botanical work. Prior to
his arrival the herbarium occupied a very subordinate position at
Saharanpur but he immediately set to work to put what there was of it
in order and during his botanical tours he collected extensively and
added several thousands of specimens to the herbarium. He also obtained
valuable material by interesting civil and military officers in collecting and
through the authorities of the Royal Botanic Gardens, Kew, and his two
collectors Inayat Khan and Harsukh who toured many parts of India
and became efficient and experienced collectors. Duthie can be regarded
as the founder of the Saharanpur herbarium.

Duthie made the following special hot weather bjurs for botanical
exploration and collection and the specimens obtained by him during
tlicKP tours were incorporated in the herbarium :

—

1877 to Jumnotri and the source of Jumna.
1879 to the Kedarkanta mountain in Tehri Garhwal.
1881 to Gangotri and the head of the Bhagirathi valley.
1883 to Gangotri, the Nila valley and across to Jumnotri.
1884 to Kumaon, West Nepal and the Tibet frontier.
1885 to British Garhwal as far as the Kuari pass.
1886 to Kumaon and West Nepal.
1892 to Kashmir and via Baltistan to Gilgit.
1893 to Kashmir via the Liddar and Sind valleys to Baltistan,

across the Kargoh Pass and along the Kishenganga valley to
Gurais and thence to the Deosai Plains by the Burzil Pass,
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In addition Duthie virtitod several loralities in the United Provinces,
Kajputana, the Central Provinces anti tho Punjab and accompanied the
students of tho Forest School, Dohra Dim, on their tours in the Siwaliks,
Dehra Dun, Jaunsar and Garhwal. Ho also accoinpaiiied tho Black
Mountain Military Expedition in 1888 and Inayat Khan and Harsukh,
his collectors, accompanied tho Chitral Expedition in 1895. Harsukh
also made interesting collecfions in Cilgit and Waziristan.

As far as is known none of Koxburgh’s spec-iinens are ref»resented in

the Dehra Dun herbarium but Ihore are a number of specimens colloctod
in the Koyal Botanic Cardens, Calcutta, which boar a label similar to
those commonly found in tho VVallich Herbarium and which are somc'-
times of groat value in helping to determine some of Roxburgh’s plants.

Many of the older collections made for tho Calcutta Botanic Carden
prior to 1842 are also in this herbarium. A few of Wallich’s Nepal plants
were recently received 'Vom the British Museum and others, occasionally
bearing tho Catalogue numbers, hav<‘ been rtHJoived tnther from C^alcutta

or from private collections such as that of Sir Ck^orge King. There are
also some specimens of Strachey and Winterbottom, Onftith, Heifer and
Hooker f. and Thomson and a fair number of St ocks’ specimens have como
in with tho Herbarium of Dalzoll which was jiurchased jointly by Duthio
and King. A set of Wight’s South Indian sjiecimcns w^ere received from
Kew but it was not a complete one and more of his specimens have como
wdth tho herbarium of Dalzoll. Some spocirnons of the earlier collectors

like T. Thomson, Beddomo and Fal(;oiu‘r may also be seen m tho her-

barium and the follow ing collections of the later collectors may be men-
tioned as being specially valuable and extensive :

—

tk)l. Davidson, It.K., from Kumaon.
Dr. Aitchison, a complete collection of bis Punjab plants. A

nearly complete set of his Kurram valley specmuais. A
set of his Afghan Boundary Delimitation specimens.

Dr. Coodenough, this herbarium was received from Kew and
contains specimens from countries other than India.

Sir D. Brancl/s, the greater portion of Brandis’ herbnrium was
received from Kew.

Thwaites, a valuable collection of Ceylon plants.

0. B. Clarke, The Cyperaceie and other specimens from various
parts of India.

Sir H. Collett, from Simla, North-West Front iia- and Upper Burma.
C. F. Elliott, Conservator of Forests, Punjab. Specimens from tho

Pimjab and North-West Frontier.

A. V. Munro, from Hazara, Baluchistan and Multan.
C. W. Hope contributed many specimens of ferns.

W. Gollan, Superintendent of tho Botanicj Gardens, Saharaiipur,

from 1887 to 1904 collected extensively. He was mainly
interested in mosses.

Cboke, an extensive collection of Bombay plants labelled ‘ College
of Scionoo Poona ’ was l•ocoIved from Dr. (boke.

Lisboa, grasses collected by Dr. Lisboa are frequently mentioned
in the Flora of British India.

Gamble, from Bengal and later from Madras.
W. A. Talbot, Conserv^ator of Forests, Bombay, contributed speci-

mens from the Bombay Presidency.

J. H. Lace, from Baluchistan and the Punjab and later extensive

collections from Burma which wore supplemented by collec-

tions made there by various forest officers whom he interested

in his work, like E. M. Buchanan and Maung Kyaw.
H. H. Haines, from the United Provinces, Bengal, Bihar and

Orissa and the Central Provinces, collections made in connec-

tion with his ‘Botany of Bihar and Orissa’ and ‘Forest

Flora of Chota Nagpur ’.
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D. O. Witt, in preparing his Descriptive List of the Northern and
Jierar Foi’est Circles, Central Provinces, contributed collections,

R. S. Hole, collections made during his tours as Forest Botanist in

Assam, the Central Provinces, Mussoorie and Jaunsar.
A. E. Osmaston, from Dehra Dun, Ramnagar, Garhwal and exten-

sive collections from Kumarm made for his Forest Flora of
that area.

R. N. Parker, extensive collections from the Punjab, Chamba,
Alinora and Burma during the many tours made by him and
numerous collections made during his stay in Dehra Dun.

Rai Bahadur Upendranath Kanjilal, extensiv’o collections from
Assam and Dehra Dun.

C. E. Parkinson, from the Andaman islands, Burma, Kulu, Jaunsar.
Bengal and Chittagong.

H. G. Champion, from Almora and various parts of Jndia during
tours made by him as Silviculturist of the Forest Reseandi
Institute.

Dr. N. L. Bor, collections from Assam, Naga hills.

Numerous minor collections have also been received from the various
provinces in India and from Burma from forest officers and others iii-

tf‘rested in the collection of plant specimens or in connection with their

uork. These are too numerous to detail hero but the following deserve
mention. From the Andaman islands collections made by B. B.
Osmaston, R. L. Heinig, C. G. Rogers, King and Prain and their collectors :

tiom Burma collections were sent in by C. B. Smales, CJ. G. Rogers,
A. Rodger, especially Dipterocarps, and duplicates of the extensive
collections made by th(^ Forest Botanist and his collectors were supplied
fiom the Maymyo herbarium. Kashmir collections came from Rai
Bahadur Keshavanand and from W. J. Lambert. Specimens were sent
fiom Coorg by H. S. Tiroinan and Madras collections by C. E. (’. Fischer,

A. W. Lushington and E. K. Krishnan. Some of Bourdillon’s Travancore
specimens arc in the herbarium and the Conservator of Ftirosts sent man>'
from that State. Numerous students’ collections have also been added
to the herbarium as well as those made at Dohi'a Dun and the adjoining
(ountry by B. L. Gupta in connection with the revision of Kanjilal’s
Forest Flora and by M. B. Raizada in bringing Duthie’s Flora of the
X 'pper Gangetic Plain up to date.

The collections in this herbarium are not only confined to Indian
specimens but numerous valuable specimens from all parts of the world
have been obtained by exchange from other botanical institutions. The
following are the chief additions made in this way.

Rusaia .—Central Asian and other plants from that country received
from the Imperial Botanic Garden, St. Petersburg, later Imown as the
I’rincipal Botanic Garden, Leningrad.

Switzerland.— A valuable collection of plants largely material des-
cribed in the Flora Orientalis was received from Dr. Boissier. Also
specimens from other parts of Europe from the Botanic Gardens, Geneva.

Philippines. —Through Dr. E. D. Merrill valuable exchanges were
made with the Bureau of Science, Manilla.

America .—By exchange with the Arnolds Arboretum numerous
woody plants have been received including many of E. H. Wilson’s Chinese
collections. American plant specimens were also received from the
Gray Herbarium and the New York Botanic Garden and from the latter
institution a valuable collection of Dr. Koelz’s North-West Himalayan
plants were obtained.

Japan .—Japanese specimens from the Imperial University, Tokyo,
Japan.

Sweden.— Yvom the Botanical Gardens, Stockholm, and the State
Natural History Museum Scandinavian plants including an extensi\'e
collection of Salix specimens determined by Floderus.
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Aitstralia.—From the liotanie hardens, Sydney, and the National
Herbarium, Melbourne, many Australian oolleetions including a collection
of Eucalyptus named by J. H. Maiden. Also a collection from the School
of Forestry, Victoria.

South Africa .—A collection of South African plants frf>m the National
Herbarium, Pretoria.

Revision of names bt/ specialists .—^Amongst many others tho collections
oi the following plant groups have been sent to siieciahsts for study and
naming thus adding very greatly to their value :

—

Mosses. All the older Indian sheets were named ]>y Dr. Brotherus
of Helsingfors.

Ferns .— (". W. Hope spent many weeks nt Saliaranpur naming the
fern collection.

(^haraccw hy H. and J. (Jrovcs.

Aconituin Dr. O. Stapf.

Cruc'iferw O. K. Schultz.

Tmpaiiens by Sir .1. D. Hooker.
Leyiiminosae by Sir D. Prain.

(Jrassula some of the sheets ha\ e been named by li. Hamot.
Fucaljjptiis most of tho .species cultivated in India have been

determined by J. H. Maiden.
Callislcmon by E. Oheel.

Umbellifercr the naming of the plants in this lamily had boon taken
by H. Wolff but had not been coiufilcted at the time of his

death though a groat many were dotennined by bun.
(tent tana by .1. H. Burkill.

Labkitoe by Sir D. Prain.

Plantago by Pilgor.

Polygonum by A. T. (Uige.

Euphorbia by A. T. (lage.

Ephejlra by Dr, O. Stapf.

Dioscorea by Sir D. Prain.

Juncacea: by G. Samuelsson.
Cyperacew by C. B. (darke and W. B. 'rurrill.

Oraminew by Hackel.

Bambusas by J. S. Gamble.
Rutacece. Anrantioidece by Dr. "J\ Tanaka.
Aincennia by Dr. H. N. Moldenke of Now York.
Ixora and Pavctta by Dr, C. E. B. Bremekamp.
Meconopsis by Dr. F. Kedde of Berlin and G. Taylor of the British

Museum.
Corydalis by Dr. F. Fedde.
Taraktogcnos and Hydnocarpus by Dr. H. Sleumor.
Diptcrocarpus by K. N. Parker.
Terminalias of the section Pentapfera by C. E. Parkinson,

Tho herbarium is housed in one of the large halls of the Forest
Research Institute at Debra Dun where there is ample accommodation for

the collections and workers with room for expan.sion. The number of
sheets is now estimated to be a quarter of a million to which about three
thousand are added annually.

4. Mk. V. M. Ghavan, Poona.

The Herbarium of the Economic Botanist to the Government of Bombay.

The Herbarium of the Economic Botanist’s section dates back to

1880. It was started when the Agricultural classes were held in thc»

College of Science, Poona. The valuable collection is the work mostly done
by Dr. T. Cooke, Messrs. G. A. Gammie, R. K. Bhide and H. P. Paranjpc.
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The collection includes :

—

() All the representative flowering plants of the Bombay Presidency
and some of the Cryptogams—mostly ferns.

() Specimens of flowering plants collected and contributed from
different parts of India.

(c) A large collection made by Mr. W. A. Talbot, Conservator of
Forests, Bombay Presidency.

(d) A small collection, by the late Mr. Jayakrishna Indraji of

Kutch containing some flora of Kathiawar.

There is no special officer in charge of the Herbarium but one of
the Assistants of the Economic Botanist looks after it.

The Library of the Economic Botanist section as well as the Library
of the College of Agriculture, Poona, is at the disposal of the Herbarium

.

There is no special grant for exploration and upkeep.

{Note .—The herbarium was completely destroyed by fire in May,
1902. A fresh beginning was made by Dr. T. Cooke presenting his private

collection to replace the one lost by fire.—S. P. Aqhahkar.)

5. Dr. F. H. Gravely, Madras.

The Herbarium of the Government Muaeumt Madras.

The Madras Museum is the earliest botanical institution in South
India. Even so early as 1878 its botanical collections were so crowded
that necessity for more room began to be felt. It was at the Madras
Museum that Surgeon Major G. Bidic prepared the Flora Medica of India.

It was hero that the famous collections of Wight, W. Elliot, Drew,
Cleghorn, Beddome, Bidio, as also those of C. B. Clarke, Cameron,
Bourdillon, Lawson and other pioneers were preserved. When C. A.
Barber succeeded Lawson as Covenimont Botanist in 1899 he moved the
Government to have the herbarium transferred from the Museum to his

charge at Ootacaraund which was sanctioned. When Mr. Barber’s head-
quarters were moved to Coimbatore the herbarium was also shifted to

Coimbatore.
With the popularization of botany in schools and colleges the need

for a herbarium was keenly felt at Madras and a start was made again
in 1920 to form a herbarium of local plants. A study collection was soon
built up and an illustrated Flora of Madras City and its immediate
neighbourhood was published in 1929.

The botanical gallery needed complete reorganization and this

necessitated extensive collecting in South India, in which much valuable
help has been received from Mr. E. Barnes, Professor of Chemistry in the
Madras Christian College. Thus the beginning of a now general herbarium
was made in 1921 and its specimens have been gradually increasing in

number since, though of course notliing approaching finality has been
reached. The staff consists of a single member, Mr. P. V. Mayuranathan,
the botanical assistant who joined the Museum in 1920, with the assistance
of one attender.

There is no special exploration grant, so the cost of touring has to
be met from the small travelling allowance grant from which the tours of
all the Scientific Assistants of the Museum have to be paid for.

The old museum library formed the nucleus around which the large

and well-organized Connemara Public Library grew up in the Museum
grounds. Though now primarily a public library it continues to cater
for Museum nee^.

6. Mr. K. Chbrian Jacob, Coimbatore.

The Madras Herbarium.

The Madras Herbarium was founded in the year 1874 by Mr. M. A.
Lawson, a former Principal of the Presidency College, Madras. It woe
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first located iu that College and was subsequently transferred to
Ootacamund from where it was finally brought down to Coimbatore in
1910 on account of its dry and cool climate which is very essential foy the
proper preservation of the specimens. Dr. C. A. Barber, C'.l.E., was
associated with the Herbarium from 1900-1912 and contributed much
towards the excellence of its collections. Later, Dewan Bahadur K,
Kangachari, M.A., and Rao Bahadur C. Tadulingam, F.L.S., added much
valuable material. At present Mr. K. Cherian Jacob, L.Ag., F.L.S., is

in chargo of the Herbaiium under the administrative control of the
I^rincipal, Agricultural College, Coimbatore.

Tlio Herbarium now contains about 85,000 shoots of specimens a
largo number of them has been authenti(;atod at the Royal Botanic
Cardens, Kew, and they include many type's and co-types of representa-
tive South Indian plants. The collections of many eminent Botanists
like Wight, Beddome, (lamble, Bom-dillon, Bourne, etc. are included in

the Herbarium. Then is also a separate fruit and seed collection in

addition to a collection of South Indian drugs. Materials for the prepara-
tion of the Flora of the Presidency of Madras by Gamble wore supplied
by this Herbarium. At present, materials for the preparation of the
District Floras of the Presidency are being collected. About 100 now
species were described from the material available m the Hei’bariuin.

Besides those, there is a wide variety of exotic collections from Cuba,
Australia, South Africa, Federated Malay States, United Stat('s of America,
etc. The economic section of the Herbarium contains a sot of well-

prepared specimens of all the South Indian varieties of Bananas and also

specimens illustrating the life -history of most of the South Indian crops.

A small Library of about 200 volumes of well-known Floras is kept
in the Herbarium for ready reference. Besides this, theio is the (hnieral

Library of the Research Institute containing about 5,000 volumes ol

botanical books and forming an easy source of reference to the Herbarium
stafi*. The wall space of the Hall of the Herbarium is decorated wdth
framed specimens of interesting and economic plants. About 70 varieties

of ripe bananas are preserved in their natural colours and exhibited along
with life-cycle charts and photographs of the same.

The stair of the Herbarium now consists of Senior Assistant

Mr, K. Cherian Jacob, L.Ag., F.J.I.S., assisted by two Sub-Assistants and
a Plant Collector. The post of the Government Systematic Botanist ib

now kept in abeyance. The present exploration grant is R8.450 as against

the original grant of R8.3,000 in the begimiing.
A small Arboretum and a Botanic Garden attached to the Research

Institute form suitable adjuncts to the Herbarium.

7. Dn. M. MrrBA, New Delhi.

The Herbarium of the Imperial Mycologist,

Origin and history. The inception of the Mycological herbarium of
the Imperial Agricultural Research Institute, New Delhi, was made by
Dr. E. J. Butler when he was appointed as the Cryptogamic Botanist to

the Government of India in 1901. In 1905, Dr. Butler was transferred to

Pusa as the Imperial Mycologist, and it was here that collection on an
extensive scale from India was made and to which a large number of
authentic specimens from foreign countries were added. In 1936, the
herbarium was transferred to Now Delhi when the Institute was shifted

due to the Bihar earthquake of 1934,

The herbarium was started with a view to collect and identify parasitic

fungi, specially those affecting plants of economic importance, so that
the fungi of this country could be compared with those of other coimtries,

thus enabling the experience and work of other countries to be utilized

properly. It was also intended that this herbarium would afford to

provincial workers a ready means of identifying the fungi unknown to
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them, and in co-ordinating the work done in one province with that in

another.
ColUctiona included in the Herbarium. During the Icust thirty-five

years the Section has accumulated a valuable collection of specimens of

Indian parasitic fungi and has received in exchange from foreign countries

such as the Philippines, Java, Straits Settlements, and also from Australia,

New Zealand, Central Europe and the U.S.A. collections of parasitic fungi

of economic importance in those regions. The collection represents about
750 genera and about 5,000 species. Apart from these fully identified

specimens, there is a large collection of fungi whose specific determination

has not yet fully been made.
Staff. The herbarium is under the supervision of the Assistant

Mycologist who is helped by a junior assistant but more staff is urgently

needed.
Library. The Section has been fortunate in gradually projpuring a very

valuable collection and it is regarded as the best library for the Mycologicnl

literature in India. It includes all the well-known current periodicals,

books, monographs and floras. There is also a valuable collection of rare

books and reprints. Some of these date back to 1816.

Exploratimi grant. Surveys were undertaken expressly for collection

of specunens for the herbarium when the Section was started. Whenever
tours are undertaken for the definite purpose of the investigation and
observation of specific diseases, opportunity is taken to collect specimens
from that locality for the herbarium. On account of lack of funds surveys
cannot be done on extensive scale.

Other features of interest. In many cases, specially in fruits and
vegetables and some aquatic fungi, the specimens are pickled in jars.

Stages of pleomorphic fungi obtained in cultures are also pickled in

fixatives.

A part of the activity of the herbarium is the maintenance of stock
cultures of many pathogenic fungi. There are at present about 300
cultures obtained from various sources and are available for mycologicaJ
workers in India and foreign countries.

A catalogue of all the specimens in this herbarium and their host
index was printed and made available to the mycological workers in 1921.

An up-to-date supplementary list is being prepared and will soon be
available.

8. Dk. S. Hepayetullah, Dacca.

The Herbarium of the Economic Botanist to the

Government of Bengal.

Collection and identification of the plants on and round the Dacca
Farm began with the creation of the Dacca Central Agricultural Farm in

1909 by Dr. G. P. Hector.
There are about 5,000 specimens. The collections included in the

herbarium are :—(a) Weeds of the cultivated fields, (6) Legumes and fodder
crops, (c) Grasses of Bengal and Bihar, (d) Varieties of crop plants, (c)

Varieties of paddies, and (/) Disease and pest infected crop plants.
There is no exclusive staff for the herbarium, but there is one preparer

who makes the herbarium sheets and takes care of the specimens. The
field staff (6) of the section collect material whenever necessary. The
identification of the material is done by the Economic Botanist or by his
Laboratory assistants.

There are about 25 volumes of Floras of India and her provinces.
There is a proposal for acquiring Index-Kewensis and Pfianzen-Familien
shortly.

There is no special exploration grant, but the Economic Botanist
and his staff have a total travelling allowance grant of nearly Ks.7,000.
They tour throughout the province and sometimes outside the province
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as well. Interesting specimens are collected from different parts of
Bengal and elsewhere during the tour.

The department has in view the building of a central agricultural

museum at the Dacca Farm. In this connection a proposal has been
made to set apart one spacious hall for a herbarium of agricultural plants.

The special feature of the proposed herbarium will be to keep complete
specimens of all the f>ure lino strains and types of the various crop plants
of Bengal and if possible of other provinces as well.

The present herbarium is being reorganized and attention is being
concentrated on collecting the weeds of the cultivated fields of Bengal
in order to study their botany with special reference to their ecology
and reproduction.

9.

Mn. T. S. Sabnis, Cawnpore.

The Herbarium of the Economic Botanist {Oilseeds)

to Government, United Provinces,

As far as the teaching section in Botany is concerned, there is a small
collection of specimens required for instructional purposes. Regarding
Research side, I have an exhaustive collection ofplant types of Agricultural
crops representing different parts of India as well as the now types evolved
cither by selection or hybridization. The collections were made from
plants grown with seeds received from different parts of India. The
specimens pertain to the following crops :—Sun-hemp {Grotalaria juncea
L.), Linseed {Linum visitattssimum L.), Kai {Brassira juncea H. f. and
T.), Saraon (Brassica campestris, L.), Tori (Brassica Napus, L.), Safflower
{Carihamus linctoHus L.), Groimdnut {Arachis hypogma L.), Til (<.Sc;?a-

mum ind/icum L.), Jawar {Andropogon Sorghu Brot), Maize {Zea mays
L.), Bajra {Pennisetum typhotdeum Rich), Sanwan {Panicum Frumen-
taceum Roxb.), Manduwa or Nashani {Eleusine coracana Gaertn), Arhar
{Cajanus indicus Spreng), Mimg {Phaseolus radiatus Linn.), Urd {Phaseolus
Mungo Linn.), Bhang, Ganja or Oharas plants

—

Cannabis saliva L,
There is no special grant for maintaining the herbarium, but these

collections were made for reference purposes from experimental crops.

10.

Mr. M. Bhatia, Nagpur.

The Herbarium of the second Economic Botanist,
Government of the Central Provinces,

The herbarium was started by Dr. R. J. D. Graham in 1908 for the
use of the students, staff and research workers of the Agriculture
Department, and nearly all the Angiosperms, i.e. indigenous plants of
Central Provinces and Berar are in its collection. There is no separate
staff maintained to look after the herbarium nor is there any separate
library or exploration grant sanctioned for it.

11.

Dr. T. C. N. Singh, Sabour.

The Herbarium of the Economic Botanist, Sabour (Bihar),

The herbarium consists chiefly of collection of plants from Bhagalpur
District. It was started by the late Mr. E. J. Woodehouse, Economic
Botanist to the Gkivemment of Bihar and Orissa sometime about the
year 1910.

It consists of plants belonging to Angiosperms, Pteridophytes, Fungi
and Lichens, etc.

There is no special staff* attached to the herbarium.
A departmental library is being maintained.

9
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12. Mb. S. L. Ghose, Lahore.

Herbarium of the Qovemment College, Lahore,

The Herbarium of the Government College, Lahore, was started in

1916 by the late Professor S. R. Kashyap, D.Sc. Since then valuable
collections have been made by members of the College and University
botanical staffs, research scholars and students of advanced classes.

There is no special staff to look after the Herbarium. All the plants are

housed in the Government College Botany Laboratory and are under
the direct supervision of the Professor of Botany of the College, who is

also the Direotor of the University Botany Laboratory. Some of the
collections have been made with the help of occasional grants from the
College and from the University.

The following collections are found in the Herbarium :

—

A. (i) A very rich collection of Angiosperms from Southern Tibet
especially South-Western Tibet, comprising more than 200 "species (ex-

cluding Cyperaceae and Graminese), all properly labelled. This is perhaps
the largest collection in the world for this area, (ii) A richly representa-

tive collection of flowering plants from the outer ranges in the Western
Himalayas, (iii) A comprehensive collection of flowering plants comprising
about 460 species from the Lahore District, properly named, (iv) A
representative collection, also named, from the rest of the Pimjab plain.

B. (i) A comprehensive collection of Ferns and their allies comprising
about 76 species from Mussoorie and Dehra Dun. (ii) A rich collection of
Ferns and their allies comprising about 100 species from Darjeeling,

together with another 60 species from Sikkim, all properly named.
0. A rich collection of mosses comprising more than 200 species

from the Western Himalayas and the Punjab plain, mostly named by
Prof. Dixon.

D. (i) A comprehensive and properly named collection of Liverworts
from the Western Himalayas and the Punjab plain comprising about 165
species, (ii) A richly representative collection of liverworts, properly
named, from Darjeeling and Sikkim comprising about 100 species, (iii)

Some 40 species of liverworts from South India, (iv) About 300 species

of foreign liverworts, properly named.
E. A richly representative collection of Lichens comprising about 50

species from Darjeeling and Sikkim, properly named.
F. (i) A good collection of Indian fungi, especially of those forms

causing diseases of plants, (ii) A rich collection of smut fungi and aquatic
moulds, (iii) A large number of specimens of fungi imported from con-
tinental Europe and America.

G. (i) A fairly representative collection of freshwater algae of the
Punjab comprising about 250 species, proj)erly labelled, (ii) About 60
specimens of marine algae from Karachi coast and its neighbourhood,
which are being worked out.

There is a library in the Laboratory in which botanical books and
journals belonging to the College, together with some of those of the
University are kept. About 1,9^ volumes and 4 journals are housed here.
There is also a University Library at a distance of about a furlong in
which a fairly large niunber of botanical books are kept and some leading
botanical periodicals are regularly subscribed for.

At present no exploration grant is given to the Herbarium from any
source. The College and the University Botany Departments are main-
taining the Herbarium with difficulty from their own funds.

13. pBor. F. B. Bhabuoha, Bombay.

Herbarium of the Boyal Institute of Science, Bombay,

The total niunber of plants in our herbarium is 1,993 (phanerogams
only).
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There is no special staff.

Exploration grant : Rs.500 per year.

14. Prof. J. H. Mitter, Allahabad.

Herbarium of the Department of Botany^ Allahabad University,

The Botanical Laboratory, Allahabad, was built in 1923 and its

herbarium was started soon after.

The herbarium contains mostly specimens of fungi collected from
various places in India (Naini Tal, Mussoorio, Simla, Darjeeling, Murree
Dalhousie, Ootacamund, Almora, Allahabad, Khandwa, Majhgawan,
Jubbalpur, Jullundar, etc.). Besides these, some ferns and Angiosperms
have also been collected from the above-mentioned places.

A number of fungi and Angiosperms have been received in exchange
from other coimtries.

There is no special staff for the herbarium except a herbarium bearer.

A teacher of the Department, however, arranges the specimens and looks
after them.

The Library facilities are not very satisfactory. There is only a small
departmental library which mostly contains the books and journals
necessary for teaching purposes. Books and journals have to be borrowed
from other places.

The department is getting only R8.200 a year for plant collection

which greatly restricts our activities in this direction, often enabling us to
visit only localitie's where we can be sure of getting material for class

work.
A number of new species and 5 new genera of fungi have so far been

described. Unfortunately some of the best specimens were available in

very limited quantity.

15. Mr. J. C. Banerji, Calcutta.

Herbarium of the Calcutta University,

The Herbarium of the Calcutta University was started in 1921 by
Prof. S. P. Agharkar with the specimens collected by him during his

European tour in addition to duplicates presented by the Director, Botani-
cal Garden, Berlin-Dahlem, as its nucleus. These collections included
specimens from the South-West of France, Spain, the Pyreneso mountains,
the Reviera coast. North Italy, Germany and Norway. A representative
collection of mosses was purchased from Vienna and subsequently added
to the herbarium by Dr. P. Bruhl, late University Professor of Botany of
the University. This is perhaps one of the best collections of mosses
in India. A comprehensive and properly labelled collection of flowering

plants and ferns from Chota Nagpur was presented by the late Rev. A.
Campbell. A collection of duplicates from Malay, Sikkim, Andamans,
Southern India and Godavari District received from the Royal Botanic
Garden, Sibpur, has also been included in the herbarium.

Valuable collections made by Prof. Agharkar from Nepal, Khasi hills,

Sundribans, Simla, Darjeeling, Deoban and Mussoorie have been properly

labelled and added to the herbarium. Materials for a flora of the locality

are being collected and determined by Mr. J. C. Banerji, Keeper of the
Herbarium, Research Scholars and Students of advanced classes. A good
collection of flowering plants, chiefly from Switzerland, was made by Prof.

Aghaikar during his European tour in 1935.

The following works of exsiccatss were purchased and incorporated
in the herbarium :

—

(1) Migula’s cryptogams (Algse, Lichens and Mosses).

(2) Hupke Herbarium cecidiologicum.
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There is a separate collection of interesting Indian materials preserved
in fluid for a botanical museum. Owing to absence of funds for suitable

show-cases and want of space in the laboratory, the collection is not being
displayed properly. A fairly representative collection of Myxophycess
of the locality has been made and properly labelled by Mr. J. C. Banerji.

A good collection of local CharacesB has been properly named and a number
of marine algss from Krusadi island and its neighbourhood are being

worked out.

The Staff consists of a Keeper of the Herbarium and a Plant Collector

under the supervision of the Head of the Department of Botany. There
is no exploration grant at present, but specimens are collected during
tours undertaken with post-graduate students. The cost of local collec-

tions is being met from the departmental funds.

There is a good Library in the Department which includes many of
the standard Works on Systematic Botany and on the Indian flora. Most
of the leading botanical periodicals are regularly subscribed for.

A small botanic garden has been recently started in the compound of
the Botany Department.

16. Prop. M. Sayebd-ud-Din, Hyderabad.

The Herbarium in the Botany Department of the Oamania
University.

Proper collection and preservation of plants was started by Prof. M.
Sayeed*ud-Din in the year 1931, but owing to several handicaps the progress

was very slow till 1934.

Amongst the collections included in the herbarium are the local plants

numbering 2,000, plants from British India about 200 obtained from the

Koyal Botanic Garden, Calcutta, British plants about li50, being the
private collections of Prof. M. Sayeed-ud-Din and Dr. Hasain Ali Razvi,
and Californian plants numbering 200 obtained in exchange from Mr. Lewis
S. Hose of California.

There is no separate staff for the herbarium. Two of the members
of the staff of the Botany Department are entrusted with this work.

The Library although it contains a good number of rare and standard
works on floras is still poor. It is only since 1934 that it has been possible

to build up a Departmental Library. Sixteen important jopmals are
subscribed for.

Since 1935 four hundred rupees are sanctioned annually for touring
expenses.

17. Mr. S. H. Prater, Bombay.

Bombay Natural History Society^ Bombay.

The Bombay Natural History Society maintains no regular Herbarium.
We have however in our Museum certain collections of plants presented
by W. S. Birdwood, G. M. Woodrow and Major Macpherson. The collec-

tions include (o) Flora of Aden ; (6) Bombay Flora ; (c) Ferns of Ceylon.
No special staff is maintained to look after the Herbarium. It is in

the charge of Mr. C. McCann, Assistant Curator.
Works on Botany include periodical journals on Indian Botany and

publications from Kew. In ad^tion there are a limited number of works
dealing with the Botcuiy of the Oriental Region. No special grants are
made for Botanical Surveys.

Many important contributions on Indian Botany have however
appeared and continue to appear in the Journal of the Bombay Natural
History Society.
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18. Sir Arthur W. Hill, Kow.

The Indian collections at Kew, and the relations
between Kew and Sibpur.

The Herbarium the Royal Botanic Gardens at Kew was founded
in 1862 on the presentation of the important botanical library and her-
barium of Dr. W. A. Bromfiold by his sister. Actually, from the previous
year Sir William Hooker’s herbarium had been available for study, but it

remained his private property imtil his death in 1866. In 1863 with the
addition of George Bentham’s herbarium the Kew institution was given
a start which has brought it through continual accretion to its present
outstanding position.

Botanical investigation had started much earlier than this in India,
at least as early as the beginning of the 17th century when Edward Bulkley
was attachofl as Surgt'on to the Madras Establishment of the East India
Company, while Van Kheedo was preparing his great work Hortus
Malabaricus on the other coast.

Regular botanical collection, however, received a special stimulus
in 1768 when John Gerard Koenig joined the Danish Medical Mission at
Tranquobar. This ardent botanist not only sent considerable collections

to various Botanists in Europe, such as Lirmaeus, Lamarck, Roth, J. Smith,
Vahl, A. P. de Candolle, but greatly influenced others to similar activity,

so much so that several of his friends, including J. P. Rottler, J. G. Klein
and B. Hoyno, banded themselves as * The United Brothers * for the

pleasure of the study of the flora.

Many new species were based on the specimens of those collectors

by the botanists mentioned and others, including Koenig himself and,
after his death, by his friend Dr. William Roxburgh.

Koenig bequeathed his own herbarium to Sir Joseph Banks and
eventually it reached the British Museum in London.

Roxburgh was among those who came under Koenig’s influence,

and he eventually became the second Superintendent of the Botanic Garden
founded by Lt.-Colonel Kyd near Calcutta in 1787. Unfortunately
Roxburgh’s Carnatic collections were lost in an inundation. His later

collections, as William Griftith has pointed out, wore incorporated without
distinguishing marks wdth others accumulated at the Calcutta Herbarium.

The whole of these were taken to England in 1828 by the then
Superintendent of the Gardens, Dr. Nathaniel Wallich, with the per-
mission of the Court of Directors of the East India Company. To this

large collection were added those which had reached the East India
Company’s Museum in previous years from Wallich himself, as well as
the collections made in the Circars by Dr. Patrick Russell ; by Rottler,

Klein and Heyno in other parts of South India ; by Dr, Francis Buchanan-
Hamilton in various parts of India ; in Siam and Cochinchina by G.
Finlayson and by Dr. Robert Wight in the Madras Presidency. Wallich
had spent some months in Nepal and besides collecting plants himself
had instructed native collectors from whom he continued to receive plants
after his return to Calcutta. The whole collection, now known as the
Wallich Herbarium, was entrusted to Wallich to be divided into sets and
distributed. This task, with the assistance of voluntary helpers, was
accomplished between the end of 1828 and 1832. The sets were trans-

ferred to various European Herbaria, the chief one being presented by
the Court of Directors of the East India Company to the Linnean Society

of London.
No set came to Kew, for the simple reason that the Kew Herbarium,

as we have seen, was not then in existence. At the end of 1832, before
his return to India, Wallich sent the unsorted remainder to the Linnean
Society with a request that the best obtainable set from it should be
transmitted to Calcutta. This request remained unfulfilled for some time,

but some twenty years later this remainder, together with some Indian
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collections made by H. Falconer, W. Griifith and H. Heifer, and others

by Helfor and Maingay from Malacca, which had been lying in the cellars

of East India House, were made over to Kow and, after being sorted into

sets, were distributed under a Kew DistribtUion number^ together with
those obtained by Joseph Dalton Hooker and Thomas Thomson in their

expeditions in the Himalayas a few years earlier and the collections made
for them by the latter’s brother, Gilbert Thomson, in S. India, in view
of the projected ‘ Flora indica *, of which only the first volume was pub-
lished in 1855.

A good set of these was presented to the Herbarium of the Royal
Botanic Garden at Calcutta.

I need not dwell at greater length on this aspect of,the subject since

a full account was given by Dr. Thomas Thomson, then Superintendent of
the Calcutta Botanic Garden, in his note on the Herbarium of that institu-

tion published in 1856 in the Journal of the Asiatic Society of Bengal,
Vol. XXV, p. 405.

I should also remind you of Sir George King’s Address to the Botanical
Section of the British Association held at Dover in 1899, when he gave
a very comprehensive and most interesting account entitled ‘A Sketch
of the History of Indian Botany ’. In this Address a full record is given
of all the collectors who have enriched the Herbaria at Calcutta, at Kew
and at the British Museum with Indian collections.

In 1913, owing to pressure of space, the Linnean Society of London
offered the custody of its set of the Wallich Herbarium to the Kew
Herbarium, where it is still housed in the fine mahogany cabinets in

which it was kept at the Linnean Society ; the duplicates from the
remainder alluded to are incorporated in the general herbarium at Kew.

In subsequent years, further Indian material came to enrich the Kew
collections in various ways ; by gift, purchase or exchange. The most
important of these are the collections of Strachey and Winterbottom from
the Himalayas, a set of which was sent to the Calcutta Herbarium ; those
of M. P. Edgeworth from North India ; of V, de Jacquemont obtained
from French sources ; of Dr, R. Wight and Colonel R. H. Beddome,! both
mainly from South India ; of J. E. T. Aitchison on the N.-W. Frontier

;

of Dr. B. Schmid in the Nilgiri Hills ; of N. A. Dalzell and J. Stocks from
Bombay ; of Colonel Collett in Burma and those made by Sir D. Brandis
from various parts of India and Burma. In addition, C. B. Clarke, J. S.

Gamble, J. H. Lace, J. R. Drummond and H. H. Haines presented their

complete herbaria to Kew, each consisting of a very large number of
sheets.

Kew has received also very large contributions from the Calcutta
Herbarium and to a lesser degree from the Madras Agricultural College,

the Forest Research Institute at Dehra Dim, and the Forest Departments
of Travancore and Burma. Besides these sources, Kew has received
contributions from a number of individual botanical collectors in various
parts of India and Burma. Wherever possible the Calcutta Herbarium
has been supplied with duplicates of interesting or new plants from these
acquisitions and the intercourse between the two establishments has
be^ mutually helpful and cordially reciprocal, thanks to the enlightened
policy of the respective Superintendents and Directors, among whom I
should especially mention Sir George King, Sir Joseph Hooker, Sir William
Thiselton-Dyer, Sir David Prain and Lt.-Colonel A. T. Gage.

Besides the supply ofherbarium specimens, Kew has been in a position
to ronder considerable service to Calcutta in the determination during a
period of years of a very large number of sheets by comparison with the
t3rpes or with well-authenticated specimens. Facilities are always offered
for the study of the Kew material and the following main floras have been
compiled entirely or in part in the Kew Herbarium :

* The Flora of British

1 Beddome’s first set of specimens is at the British Museum.
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India ’ by Sir J . D, Hooker assisted by several botanists ;
‘ The Flora of

the Upper Gangetic Plain * by J. H. Duthie ;
‘ ITlora Simlensis * by Col.

Sir H. Collett ;
‘ Indian Trees * by Sir D. Brandis ;

* Flora of the Presidency
of Bombay * by T. Cooke ;

* Flora of the Presidency of Madras * by J. S.
Gamble, and the ‘ Botany of Bihar and Orissa * by H. H. Haines. Sir
George Watt’s ‘ Commercial Products of India \ I may remind you, was
also prepared at Kew.

For the prnpose of the preparation of some of these works a large
number of specimens were obtained on loan from the Calcutta Herbarium,
the Agricultural College, Madras, and the Forest Department, Travancore.
These were all scrutinized, the determinations checked and corrected
whenever necessary and the undetermined ones named. Some of these,
when the number of duplicates so justified, were retained with the per-
mission of the responsible authorities, and the rest, comprising the great
majority, were duly returned.

The recent visit to Kew of Mr. K. Biswas, the Curator of the Calcutta
Herbarium, has been a welcome one, and with his collaboration a con-
siderable number of sheets from the Kew Herbarium have been presented
to Calcutta. Further duplicates will be set aside for Calcutta when a
list of requirements has been prepared and sent to Kew. It is to be
hoped that Mr. Biswas’s visit will be followed by visits of other Indian
Systematic Botanists and that the co-operation and friendly intercourse
between our two groat Institutions, which has lasted so long, with such
fruitful results may become closer and of increasing value in the future.

19. Dr. F. R. B11A.BUOHA, Bombay.

A Pleafor the Revival of Provincial Botanical Surveys in India,

A plea is made to establish Provincial Botanical Surveys in each of

the eleven Provinces of India for the following reasons : (1) To be able
to survey the vegetation of India ; (2) For mapping of the vegetation
which is not done so far in India

; (3) For the formation of provincial,

regional and local herbaria
; (4) For the publication of Flora exsiocata

;

(5) For the collection of seeds, fruits, etc. for academic investigations of
commercial value ,* (6) To serve as centres of special information to

Medical, Chemical, and Pharmacological Institutes
; (7) For propagation

ofknowledge for nature-study and creation of National Parks for preserving
bits of natural vegetation. Lastly a few suggestions are made on the
method of organization of such Surveys.

20. R. N. De, Shillong.

Shillong herbarium,

A serious effort to start a herbarium in Shillong seems to have been
made from the year 1912 when Sir Archdale Earle, the then Chief
Commissioner of Assam and the Government of India decided to publish

a Flora for Assam. Tfie late Rai Bahadur Upendranath Kanjilal, retired

Extra-Deputy Conservator of Forests and an eminent Botanist was
entrusted with the task of touring the whole province with a view to

collection of plant specimens. A very comprehensive collection was
made by him and it became necessary to maintain a staff for mounting
and poisoning specimens.

Once a home was found for housing the specimens, collections began
to come in from Forest Officers and others interested in the Flora of
Assam and today there are more than 38,000 sheets and 2,000 wood
specimens in the herbarium.

It would be, however, wrong to say that our collection began only
from 1912, for we have got in our herbarium, sheets collected by that
distinguished botanist Gustav Mann, in the year 1878.
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The herbarium is now the most important centre for collection and
identification of plants in Assam and receives many enquiries regarding

their occurrence, supply and properties. In fact, the herbarium has more
than justified its existence.

Although much useful work is being done, we are being constantly

handicapped for want of adequate funds. The Botanical Forest Officer

can hardly tour in the remote interior for exploration which is at present
delegated to a herbarium mounter. The staff of the herbarium which
consists of a Botanical Assistant on whom devolves most of the routine

work, two mounters and two poisoners who are still on a temporary
basis is hardly sufficient to cope with the increasing work.

No grant is earmarked for exploration, but the Conservator of Forests
allots funds from time to time which amount to about Rs.SOO per annum
on the average.

The herbaiiurn library is not large, but it contains most of the

publications of old authors. Here again absence of/unds is our handicap.

Volume I containing Parts 1 and TI (Thalmiflorae and Di8cifiora3) of
the Flora of Assam has already been published and Volume II (Calyciflorae)

is in the press. Volumes III and IV are being prepared for the press.

Two numbers of the Forest records have boon published by Mr. A. Das,
(I.F.S. Retd.) containing the new plants of Assam and it is very likely

that some more species new to Science will be discovered.

21. J. J. Asana, Ahmedabad.

The Gujarat College Herbarium, Bombay Presidency,

Origin and history

:

The Gujarat College Herbarium was started by
Prof. W. T. Saxton, M.A., F.L.S., I.E.S., I.A.K.O., in the year 1914. He
was in sole charge of this herbarium till 1022. This herbarium came into

existence mainly due to his efforts. He was assisted in his work by the
late Mr. L. J. Sedgwick, B.A., F.L.S., I.C.S.

The collections included in the herbarium : The herbarium includes all

the plants of Northern Gujarat, which have been systematically recorded in
his paper ‘Plants of Northern Gujarat’ by Saxton and Sedgwick published
in the Records of the Botanical Survey of India, Vol. VT, No. 7, 1918.
It also contains a fairly large collection of plants from other parts of
India specially Kashmir, Murri Hills, Mount Abu, Castle Rock and other
places. There are about 3,000 plant specimens in the herbarium. Lately
Mr. R. N. Sutaria, B.A., M’.Sc., who is on the staff of the Biology Depart-
ment, Gujarat College has added several interesting specimens of plants of
South Gujarat.

No special staff or special library is attached to the herbarium. There
is no special exploration grant,

22. Sib Abthijb Hill, Db. K. P. Biswas, Db. K. Baochee,
Db. M. Mitba, Mb. Nabayanswami, Db. K. C. Mehta,
Pbop. Bhabucua and others took part in the discussion.

Prof. B. Sahni then summed up the position and requested
Prof. Agharkar to make concrete proposals.

It was agreed that (1) there was a necessity for a National Herbarium
in India, (2) that the Sibpur Herbarium shoiild form the basis for this,

(3) that it was necessary to strengthen the scientific staff of Sibpur, and
(4) that the existing provision for ‘Assistant for India at Kew’ should be
utilized for training personnel.

It was resolved to appoint a Committee of the following to prepare a
workable scheme on the above basis and submit it to the proper authorities

:

1. Prof. S. P, Agharkar, Convener.
2. Prof. B. Sahni.
3. Dr. K. P. Biswas.
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4. Dr. K. I5agchee.
5. Mr. S. N. Hal.
6. Dr. K. C. Mohta.
7. Dr. M. Mitra.

Sir Arthur Hill was not included in the Committee as ho was leaving
India, but it was agreed that the Committee should work in consultation
witk him. It was further agreed that llrcvet-Col. R. N. Chopra bo also

consulted whenever necessary .

The Coimnittee has since met and forwarded its recommendations to

the authorities concerned. A statement on the subject will be submitted
to the 26th Session of the Indian Science Congress Association to be
hold at Lahore.

XXVIll. THE DISSEMINATION OF CEREAL RUSTS IN
INDIA.

(Section of Botany.)

Pbof. J. H. Mitteh presided, and Prof. K. C. Mehta opened the
discussion.

1. Prof. K. C. Mehta, Agra.

Opening Remarhs.

In the year 1 923, the writer started a study of the factors concerned,
in the annual outbreaks of rusts on wheat and barley in the plains of India.

The present state of our knowledge on the subject is siunmarized below :

—

(i) There is no local source of infection in the plains at the time
of new sowings (October-November).

(ii) Weather conditions are quite favourable from October
onwards yet no rusts appear at most of the places for as

long as 3-4 months from the time of sowing.
(iii) Evidently rusts are re-introduced into the plains year after

year from somewhere.
(iv) In contrast with the death of all uredospores in the plains,

due to heat, after the harvest thoi*o is conclusive evidence
of oversiumnering of all the rusts under study, m the hills.

(v) Year after year, rusts break out earlier and plant for plant
there is heavier infection at the foot of the liills than at

places farther off.

(vi) Still earlier outbreaks (November-December) have boon foimd
on the hill crops that are sown during October-November.
In the case of early hill crops (sown April-June) rusts have
been found during June-September.

(vii) As far as the plains are concerned, Berberis and Thcdictrum,

which occur only in the hills, seem to paly little part in the

annual origin of black rust of cereals and the brown rust

of wheat respectively.

Both these rusts break out year after year at the foot

of the Nepal range and in the plains of Peninsular India
during December-January i.e., 3 -4 months before their

alternate hosts which occur only in the hills, could ever
get infected.

(viii) At the foot of the Nilgiris these rusts have been found to

appear as early as September-Ootober in miniature plots

sown at the request of the writer during June-August
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(4 and 2 months respoctively before the normal crops).

It may be pointed out that every year these rusts are found
in abimdance by August at altitudes of 6-7000 ft. in the

Nilgiris on the first crop (sown April-June).

Since the year 1930 a good deal of work has been done on rust dis-

semination but the period of study is too short for an explanation of out-

breaks in the country as a whole, at any rate, on the basis of wind trajec-

tories. Still two important foci have been located wherefrom rusts

spread to the plains.

Kust spores have been caught from the air on stationary slides,

exposed in aeroscopes at a large number of stations in the country, long

before the appearance of the rust in question on the local crops.

Nearly 8,000 wind curves have been studied so far, out of which
a considerable number have been found to be significant. ^ The course

of such winds in the case of some of the stations is of special interest and
points to dissemination of the rusts concerned from hill stations, where
on account of oversummering and earlier sowings (April-June in the

South and July-August in the North) they had been foimd in abundance
a few weeks before.

Amiual rust epidemics over largo tracts of the country should be
effectively controlled by stopping this early dissemination of rusts to the

plains by the following means:

—

(i) In Nopal, wheat and barley should not bo sown anywhere
before October.

(ii) The first crop of wheat and barley (sown Apnl-Juno) in the

Nilgiris and Palni hills should bo suspended.

Rigorous destruction of self-sown plants and tillers of wheat and
barley, on which rusts oversumrner, 1-2 months before the sowings in all

hills and hilly tracts should help considerably in the control of rust out-
breaks in general.

The speaker showeil lantern slides, maps, charts and wind trajectories

in order to illustrate his remarks.

2. Pkof. a. H. K. Buller, Manitoba.

In western Canada there are no Barberry bushes and yet the wheat
is attacked every year by Fvccinia graminis. The source of infection
consists of clouds of uredospores which are carried by northerly winds
for himdreds of miles from the middle-western parts of the United States
to Canada. In the southern part of the United States, P. graminis over-
winters in the uredospore stage, A proposal has been made to breed
rust-resisting wheats suitable for growth in the wheat areas of the southern
States and thus to prevent uredospores being carried northwards to
Minnesota and the Dakotas subsequently from these States to western
Canada.

I have listened with groat interest to the account given by Professor
K. C. Mehta of his work on the Rust Fungi of India done during the past
fifteen years. The practical measures which he now recommends should,
if carried out, very considerably decrease the incidence of the Rust disease
in India and so add to the food resources of this great country. Professor
Mehta recommends: (1) that in Nepal, wheat and barley should bo sown
in October instead of August-September; (2) that in the Nilgiri and Palni
hills, the first crop of wheat now sown April-June, should not be sown at

but should be replaced by some other crop; and (3) that in the hills
in general, self-sown plants and tillers of wheat and barley should be
destroyed 1-2 months before the sowings. All these recommendations
seem to me to be wise and practical and I trust that the Oovemment
will see its way to carry them out, particularly No. 2, which would mean
the suppression of wheat crop which is grown on only about 2,000 acres.
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3, Dr. L. a. Ramdas, Poona.

1. If the source of rust was along the slopes of the Himalayas and
of other mountain systems elsewhere in India, it is possible that the
katabatic winds which flow down-hill practically every night in clear
weather would convey the infection into the plains. During day time
the anabatic (up-valley) air currents would carry the spores upwards and
the chances of such spores infecting the plains would bo more remote.

2. The spores conveyed into the plains by the katabatic winds
would during day time bo dispersed into the upper air layers by the diurnal
convective movements. The problem is to find out whethc^r particles

having the size of rust spores will have a sufiiciontly rapid rate of settling

to become sources of infection on a sufTfieient scale.

3. One process by which such settling down of rust spores in the
upper air may take place quickly would bo by means of rain-drops which
can form on them whenex or there is the necessary suporsaturation in the
upper air. If that happens it would be easy to account for some of the
misfits regardmg dates of incidence which are found by Prof. Mehta.

4. In all phenomena where questions like ‘Source’ and ‘Disse-

mination’ ar(3 inv<ilved one important fact to establish is the most usual
variation of the factor in question with elevation above ground. Unless
this is done it may bo difficult to assess the relative importance of the differ-

ent air layers as ‘significant ’ i layers in so far as their disseminating
power is concerned. Ordinarily, one may be led to expec.t that the
neaier a *signifi(;ant’ air layer is to the ground, the more likely the signi-

ficance may be taken to be.

5. In investigations where ‘coincidences’ of certain factors are

sought for in order to fit in f-wo observed sets of data, it is important to

remember that ‘non-coincidences’ should also be sought for without
bias in order to bring out the relative importance of ‘fits’ and ‘misfits’.

6. The cereal rust research in India under Prof. Mehta is one of the

problems in which meteorology plays an important part. Prof. Mehta
is to be congratulated on the success with which ho has been working out
the problem.

4. Dr, H. Chaitdhurt, Lahore.

I have had opportimities of following Prof. Mehta’s work and also

•discussing with him the problem several times during the last 10 years
or so. 1 have no doubt that the incidence of rusts in the plain has no
connection or perhaps very little connection with aecidiospores on Her-

heris m the hills. Again there is no doubt that rusts in an opiriemic form
occur earlier near the foot of the hills o.g., Pathankot, Gurdaspur, etc.,

in the Punjab, tlian places further away in the plains. We know also

that uredosporos from tho previous years’ crop cannot survive the heat
of the plains and that viable uredosporos are found in tho low hills practi-

cally througliout the year. Prof. Mehta has proved by very convincing data
how tho spores from the hills are carried by the wind and bring about
infection. He has also suggested very practical moans of controlling

rust—at least to an appreciable extent—by shifting the time of the wheat

-

sowing over a small area in the Palni and Nilgiri hills and by Rowing
•early ripening varieties in Nepal which are foci from which infections are

oarriod over considerable areas. It seems very important to me that

Oovermnent should as a test measure carry out Prof. Mehta’s suggestions

for a couple of years in the Palni and Nilgiri hill centres. If successful.

1 Prof. Mehta calls certain wind trajectories at particular levels which
ahow evidence of having started from rust-infected regions as ‘significant*

trajectories. Such trajectories are found by him to fit with the sequence
of dates of incidence reported from observing stations along the trajectory.
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tho amount of saving will amount to several million rupees. The Govern-
ment and the people realize the huge amount of loss sustained by the
country and I think this body of scientists who no doubt feel convinced
about Prof. Mohta’s work, should press the Government to take it up at

once and try to save the wheat lost through rust attack, for the country.
Prof. Puller has mentioned in the course of discussion that in 1914 by
facts and figures and propaganda, he convinced the Government of his

country that a huge amount of the food of the soldiers on wheat was being
oaten up by the rusts and that some could be saved by eradicating

the Berberis plants. Professor Duller has told us of tho astounding fact

that in a week’s time, he was able to free his country from Berheris. Prof.

Duller is very fortunate in coming from a country where people not only
realized the gravity of the situation but worked accordingly to the advice
tendered by tho scientists. It is, however, all so very different in our
country. If Goveriunent in our country worked according^ to the advice
of the scientists and spent oven a fraction of the amoimt lost through
diseases for remedial measures, the condition of tho people would be
diff<?ront. Prof. Duller emphatically stated that the measures suggested
by Prof. Mehta were very practical and should be adopted without delay.

He also said that breeding a wheat which would resist all the throo rusts

which occur over tho greater part of this coimtry was a very difficult

job and was likely to take a very long time.
I am therefore strongly of the opinion that tho Government of this

country should take early st/Ops towards necessary legislation so that tho
methods of control proposed by Prof. Mehta be enforced. It is of the ut-

most importance that as much of this colossal sum of money that is being
lost every year be saved as possible. In the case of results of applied
importance, it should not do to stop with a scientific report and I am sure
this meeting will lend its fullest support to tho views that have been
expressed by Professor Duller and others.

5. PnoF. K. C. Mehta in reply to Kamdas’s question regarding the
importance from the statisti(;al view-point of trajectories that have not
been found to be significant, said that arrangements had been made for
their examination by a statistician.

XXIX. ALGAL PROBLEMS PECULIAR TO THE
TROPICS, WITH SPECIAL REFERENCE TO
INDIA.

{Section of Botany.)

Pbop. F. E. Fmtsch presided, and Pbop. M. O. P. Iyenoab opened the
discussion.

1. Prof. M. O. P. Iyengar, Madras.

Opening Reinarha*

The study of alg*e, as compared with the other branches of Botany,
is quite a recent one in India. For quite a number of years only a few
botamsts were studying the subject. I am very glad to find that more
of our botanists are now taking to ite study.

We are extremely fortunate to have amongst us today Prof. F. E.
Fritsch, the world’s foremost authority on algae. You may be interested
to know that Professor Fritsch is not new to our country. He came to-
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Ceylon about thirty years ago and made a special study of Iho algae of
the place and has given in two valuable papers an excellent account of the
algal ecology of Ceylon and also of the tropics in general. From my ex-
perience of the algal flora of India, 1 find that his remarks regarding the
algal ecology of Ceylon are equally true in most respects of the algal flora

of India also. I am sure, you all, like myself, are eagerly looking forward to
hearing his valuable remarks on our algal problems.

Lakes and Larger pieces of water.

While the general characteristics of temperate inland waters have
been very thoroughly studied by a nimilxsr of very eminent algologists,

the characteristics of tropical waters have not yet received the attiuition
they deserve. Only a few tropical lakes have been investigated so far in

some detail especially in Africa and in Java. But as regards Indian
waters wo may say that practically no work has been done so far.

The waters of temjierate regions may be classified broadly under threi'*

main types, (1) th<^ Oligotrophic, (2) the Eutrophic and (3) the Dystrophic.
Oligotrophic lakes are charaett^rized by very great purity of the water

with an extremely low mineral content and a very great clarity of the
water, with the result that light penetrates to a very great depth in these
waters. The dissolved oxygen is distributed mom or less uniformly
from the top to the bottom and the /iH value also is uniform likewise

throughout. The silt is very poor m quantity and the organic matter
is very low and the small quantity of CO 2 that is present is found just

above the silt. The colour of the water is bluish. The algal flora is very
small in quantity though the number of species is fairly large. The alg»
are distributed more or less equally from the top right down to the bottom
and are able to flourish even in the lowermost regions, owing to the easy
penetration of the light to that region.

Eutrophic lakes are characterized by a very high dissolved mineral
content especially of nitrates and phosphates. The colour of the water
is greenish-yellow and light does not penetrate very much into the deeper
layers. The algal flora is very rich though the number of species is com-
paratively sinalL The amount of silt is very large at the botf^om and the
dissolved organic matter very high. The dissolved oxygen is found
more near the upper portion of the lakes and the carbon dioxide is very
large in quantity above the silt; and bacterial activity is very high in the
lower regions. The pH value is higher above and lower near the bottom.
The algal flora is more concentrateil near the upper layers and during the
midday there is a very great amount of supersaturation of oxygon owing
to the assimilatory activity of the algal plankton. The plankton organisms
keep continuously dying and falling the bottom of the lakes with the result

that a large amount of silt continuously accumulates. Owing to tlie decay
of the organisms at the bottom, the oxygen at the bottom layers is used
up and a large amount of CX)2 accumulates in the region. Owing to the
lack of sufficient light in the bottom layers and also the necessary oxygen
the algal flora is very poor in the lower strata.

Coming to the Dystrophic lakes the waters of these lakes are charac-

terized by the presence of a large quantity of humic acid and a groat poverty
of mineral salts. Even though the mineral salts are introduced into

these waters from any source, they immediately combine with the humic
acid and get precipitated to the bottom as insoluble compounds so that
even though the mineral salts are there in the lake, owing to their insolu-

bility, they are not available for the plankton algal organisms. The
bottom silt is sufficiently largo in quantity and the colour of the water
is brownish to dark brown. The number of plankton algal organisms is

small, and so also the number of species. Owing to the acidity of the
water the bacterial activity is low so that not much of putrefaction takes
place and the mineral salts available from the dead organisms do not
return to the water.
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Besides these three different types of lakes (viz. Oligotrophic, Eu-
trophic, and Dystrophic), a number of intermediate types are also described

by various authors, but for our purpose it will be enough to accept only

these three types.

In India, especially in the tropical portion of it, we do not have
any large lakes like those of the temperate regions, but we have various

types of smaller waters. It would be very interesting to find out how far

these smaller pieces of water conform to the different types found in

the temperate regions. So far as I have been able to find out, most of
our waU^rs here appear to bo more or less eutrophic in character but
detailed investigation is needed to decide the exact nature of the several

waters. From what I have seen of them, it looks as though an entirely

different kind of classification would be required for our waters. There
is plenty of scope for the algologist for research in this direction.

Exact data are lacking as regards stratification and circulation in

tropical waters. In temperate lakes, during the summer months the

surface layers show the highest temperature and the temperature decreases

downwards, the lowest temperature being found at the bottom. This
decrease in temperature downwards is, however, not um'form. The tem-
perature decreases steadily and gradually downwards up to a short distance

from the surface and then there is a sudden fall, and then the decrease

in the temperature is steady once again and more or loss uniform right

down to the bottom. The region where there is a sudden fall in the tem-
perature is known as the therrmclinet the region above tho thermocline
is known as the epilimnion, and all the region below it is known as the
hypolimnion. Towards the approach of autumn the surface temperature
gradually goes down. And, as the temperature goes down, the water
in tho surface layers becomes, owing to its lower temperature, bulk for

bulk heavier than the water in the lower layers and so keeps sinking con-
tinuously downwards wdth the result that a sort of a convecstion current
starts. This process goes on continuously until finally all the layers

reach a unifoim temperature of 4®C. As a rc^sult of this convection current
a complete rotation takes place bringing about a total mixing up of the
water of all the different layers. This is called tho autumnal circulation.

But os the season advances and winter approaches, the temperature of
the surface waters becomes still further cooled down, i.e. below 4°C.
But, since water at 4“C has got the maximum density, the water of the
surface layers, when cooled down IxJow 4*^0, expands and becomes bulk
for bulk lighter than the water of tho lower layers, and the convection
current stops. In the height of winfor, the surface layers show the lowest
temperature (0°C) and the bottom layers the maximum temperature
(4®C). Here also there is a thermal stratification, but the stratification

is the reverse of what is seen in summer, and is called an invert^ straiifim-

Hon as opposed to the summer stratification which is called a direct strati-

fication. In spring, the temperature of the surface layers goes above
0®C, and tho water in the upper layers becomes bulk for bulk heavier
than the water of the lower layers and so falls downwards and causes a
convection current which continues imtil the whole body of the water
reaches a temperature of 4°C. As spring advances and the temperature
of the smfaee layers goes above 4®C, the convection current stops and as
the season advances the upper layers become gradually warmer and warmer
than the lower and by the beginning of summer a definite stratification

(direct stratification) is finally established. Thus there are two periods of
circulation, one in autumn and another in spring and two quiescent periods—a very long one in summer and a very short one in winter. These latter
periods are known as the summer stagnation and the winter stagnation,
respectively. During these two latter periods, there is a definite thermal
stratification in the lake, the stratification being direct in summer and
indirect in winter.

We do not know how far a similar thermal stratification over a fairly
long period is present in our waters. Since the bottom temperature
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in our tropical lakes of India never TOachos 4°G, it being mostly about
12 to 16°C even in the coldest part in the year, the type of circulation
that is found in the temperate regions is therefore not at all possible in
our lakes.

Ruttner, while working on some lakes of Java, Sumatra and Bali
islands, comes to tho conclusion that a definite stratification is found in
some of the deeper lakes and that a sort of a tliormocline also is noticeable.
Worthington Beadle, Hutchinson and Riccardo, while working on some
tropical African lakes, have on the other hand come to the conclusion
that no thermal stratification nor any thormocline could be seen in the
African lakes that they investigated. Further careful work is needed to
establish the question of stratification in tropical waters. In this connec-
tion it may be mentioned that S. V. Ganapati and myself observed a kind
of stratification in the Red Hills Lake which supplies water to the Madras
town. This lake is a very shallow one, its greatest depth being about
26 feet. In the early nuirning, tho temperature of the water is uniform
from top to bottom. As the day advances, the upper layers become
heated up and are slightly Vngher in temperature than this lower ones
and by about 2 p.m. a definite thermal stratification is established. But
towards tho end of tho day, the water in the surface layers begin to cool
and, becoming heavier than that of the lower layers, begins to sink down
continuously with the result* that, owmg to convection currents, a definite

circulation starts and continues throughout tho night bringing about a
complete mixing up of the water. By about tho early morning, owing
to this circulation, the water becomiis more or loss uniform in temperature
in all its layers. The next day tho same process is repeated again. Thus
every day tho water shows a uniform temperature from top to bottom
in the early mornings. By about midilay, a definite thermal stratification

is established. As tho ovening approaches, the stratification is gradually
broken up and before the next morning a complete uniformity of temper-
ature is established once again. So there is soon here a daily formation
of a thennal stratification in the course of the day and a daily bi'oaking

down of this stratification during the night. This type of stratification

may bo called a * temporary diurnal stratification ’. There is thus a
daily building of a thermal stratification and a daily breaking down of
tliis stratification, associated with a daily circulation which brings about
a comjilete mixing ujj of tho waters from top to bottom. Tho water of
the surface layers, which owing to the photo-synthetic activity of the algie

gets highly super-saturated with oxygen in tho daytime, roaches the bottom
every day and the CO2 produced at the bottom through bacterial activity

is distributed to all the parts of the lake and becomes available to the
assimilating plant organisms.

Miss Mercia Janet and myself investigated the waters of a small
artificial tank in a garden in Madras. I’he tank was hardly 2 feet deep
and wo found the same sort of making and breaking of a thermal strati-

fication, associated with a complete rotation every day.
How far this type of stratification is seen in various other pieces of

water in India will have to bo further investigated. Wind of course helps

a great deal in bringing about a mixing up of the waters in the tropics as

pointed out by Whipple, Ruttner, Worthington and others. This was
observed in the Red Hills Lake also. On windy days the temporary
diurnal stratification was invariably absent.

TJie Algal Flora of temporary Waters and their Succession,

There are two kinds of temporary waters, (1) rain water pools which
dry up after a very short time, and (2) small pools or ponds which dry
up during the hot season. The rain water pools dry up generally within
a short time after the stopping of the rains. Those pools after a few
days become very green owing to the very large quantity of algae which
come up within a very short time, causing a kind of water-bloom. The



144 Twenty-fifth Indian Science Congress,

alga? that are generally found in these waters are mostly members of the

Volvocacoae and with a sprinkling of a few members of the Protococcaceae.

If the waters of these rain pook bec^ome contaminated by sewage water
a largo number of Eugleninea) also come in. These rain waters are rather

interesting. Owing to the frequent intermittent light showers, these

pools become filled up with water for a few days and then get dried up
during tlie succeeding rainless days and again become filled up with
water and then again become dried up. In this manner those pools

become filled up and dried up several times and every time they get filled

up with water it is interesting to note that the same algae come up again

and again, though towards the end the green algae yield place to the

Euglemnea* and also to some blue-green algae. It is rather interesting

to note that bluo-green algae play a very subordinate part in these rain

water pools.

As regards the deeper pools which retain the water for long periods

and got dried up only during summer, they harbour a fairly rich algal-

flora. If the water is not too much contaminated with organic matter
they show a rich growth of green algae including plenty of desmids. If,

on the other hand, the water is rich in organic matter or is contaminated
with sewage matter, bluo-green algae, Euglonineie, and diatoms prepon-
derate. These deeper pools show all kinds of variations from nearly

pure waters, through varying grades of organic contaminations to very
badly polluted waters. A corresponding difference is seen in the nature
of their algal flora. It would be very interesting to investigate these

tropical pools in full detail and gather data regarding the correlation that
exists between the nature of the water and the nature of the algal flora.

The algal succession in these deexier pools is very characteristic.

The pools got filled up to the brim and often overflow the banks dunng
the rainy season. When the water level begins to go down, the first algal

forms to appear in the water ai*c mostly Volvot'acese. After a short

time, other members of the Chlorophycejje gradually come m. If the
water should bo fairly soft, desmids also become fairly noticeable. One
marked feature is that during these oarly stages bluo-green algae are absent.
If the water should be polluted in any way with sewage matter, then a
certain amount of Euglenineie come in. As the season advances and the
level of the water goes down a few blue-groen elements come in and gradual-
ly increase in quantity as the temperature goes up and the water gets more
and more concentrated, Towanls the beginning of summer most of the
pools become very nearly dry and by that time most of the chlorophyceae
disappear, the chief forms m the pools boing blue-groen alga?. Finally
the pools dry up completely. This kind of succession, viz. green alga?

first and then as the season advances blue-green algte next, is soon not
only in pools that dry up completely in summer but also in permanent
pools which retain some water even during summer. The same kind
of succession is seen also in the larger pieces of water such as irrigation

tanks. Here also just before summer, the water is practically free from any
green algas most of the algae present being blue-greens and diatoms. This
kind of succession has been very clearly described in detail by Fritsch
in his very interesting account of the algal flora of Ceylon. Whether
this kind of succession is due to the increased temperature or light inten-
sity or to the increased concentration of the water dr to other causes will

have to be very carefully investigated. There is also just the possibility
of the increasing organic matter of the water which accumulates through
the continuous death of the plant organisms as the season advances, having
some effect in determining this succession.

Another point in connection with these temporary pools which dry
up completely in summer is that some of them harbour a rich desmid
flora. Most of these desmids are able to form zygospores and are thus
able to tide over the long dry period. This point is interesting, because
there is a general belief among algologists that desmids cannot thrive in
temporary waters, owing to tlS fact that they do not form usually zygo-
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spores or resting spores of any kind quickly and so would bo killed if the
water should get dry. This is true oftemperate climates whore the dosmids
do not form zygospores quickly and where Zygospores of several species
are unknown. But in the case of the South Indian forms, my expfu'ioiioe
shows that a large number of desmids form zygospores very readily. In
this connection it would bo interesting to point out that Miss Rich foiuid
that some of the temporary pools of South Africa which dry up in summer
harbour a large dosmid population and that most of these ilesmids form
zygospores very readily like our desmids and tide over tin? dry period
and are thus well adapted to the conditions of the drying pools of that
country.

Another very interesting phenomenon was observed by m(' recently.
In a rain water pool in the Madras beach a species of ('osmarium came
up suddenly in large numbers. The maximum depth of the water
in the pool was only about a foot and the desmids formed a green layer
about I inch thick at the bottom. One could practically scoop up the
moss of desmids in one’s hands. This green mass contained millions
of this desmid and appeared like a thick green soup. When the water
in this pool began to go down, I watched the desmids daily until the water
completely dried up. When all the water disappiuired, the di^smids
wore still lying on tlio moist soil as a thick green gelatinous layer. An
examination of a little of this material showed a few zygosjion^s, but the
main mass consisted only of vegetative individuals. As the soil began
to got drier and drier, the gelatinous mass also gradually drieil up into a
thin brownish layer and finally crumbled into pieces and formed part, of
the soil. The desmid was watched as t-he gelatinous mass dried up gradu-
ally. All the individuals with the exception of a few which forrruHl the
zygospores gradually got shrivclleil uj) an<l limtlly dried up in their vege-
tative condition only. Some of the soil conl-aining the dried up desmids
w'as put into fresh water and kc'pt in the laboratory. The shrivelled up
desmids became green and regained their original shape, but did not
thrive long in the laboratory cultures and died finally. The point to be
noted is the temporary revival of those dried up individuals when placed
again in water. It would be interesting to find out whethc^r in nature
they are able to tide over the long dry period in their dried ufi vegetative
condition. The fact that some of the individuals couhl revive after being
dried up for a time is rather interesting from the point of view of their

dispersal. According to the current view desmids are unable to cross

ticcan barriers since they will die very quickly if they are dried up in

their vegetative condition and also because tlioy form zygosfiores only
rarely. But if desmids could form zygospores quite readily like our
forms, if they could withstand a temporary drying up in their vegetative
condition to a certain extent, it ia quite possible for them to get dispersed

by wading birds by being transported in the mud sticking to their feet,

over long distances and also across ocean barriers which some of these

birds arc able to cross.

Pieces of ivater with permanent water-blooma caused by
species of Microcystis,

In South India a largo number of tanks and pools, especially in

towns, are green throughout the year. They may be said to have per-

manent wator-bloorns. The green coleiiration is duo usually to a single

alga, generally a species of Microcystis, though frequently the Microcystis

may be associated with planktonic species of Oscillaria and Arthrospira*

These waters are slightly alkalmo and are rich in organic matters and
contain a large amount of chlorides. Those tanks are utilized by people
throughout tho year for bathing purposes and the water does not appear
to have any harmful effect on tho bathers. Many tanks connected with
temples have got this permanent water bloom. The algse of these tanks
seem to suffer, however, whentho rainy season comes in and the sky remains

10
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cloudy for a long period. They then begin to die and float up in large

quantities, emitting a nasty smell throughout the rainy season. Their

death is evidently duo to lack of sufiieiont sunlight, as it is continuously

cloudy for a fairly long time during this season. The water of these

tanks during the greater portion of the year, owing to the assimilation

of the algse, is highly 8uper-satiu*ated with oxygen from top to bottom.
It would be interesting to investigate these pools in detail especially in

view of the fact that some of the blue-green algaj have been reported by
several authors to be very harmful to animals drinking the water.

Paddy-Field Algce,

The rice plant in our coimtry is cultivated in the same fields foi*

generations. In spite of this the yield of paddy continues, undiminished
from year to year.

Every year a large quantity of nitrogen is removed from the soil in

the shape of crops. A certain amount of nitrogen is put back into the

soil 111 the shape of the crude manure that is applied by our agriculturists,

but this is very small and is not sufficient to replace the largo amount of

nitrogen taken out of the soil. It is also known that the nitrogen content

of Indian soils is very poor in quantity, though phosphates, potash, etc.

are found in sufficient quantities to supply them over long periods. Htiw
in spite of all this every year the yield of paddy happens to be the same
was not quite clear. During recent years, our biochemists (P. K. Do,
Son, Viswanath and others) have been tackling this problem and have
come to certain very interesting conclusions. Plenty of algae are found in

the waters of paddy fields and these algae are found associated with
nitrogen-fixing bacteria. Those investigators think that the bacteria

obtain some carbo-hydrates from the algao and are then able to fix up
the atmospheric nitrogen. This according to them accounts for the

continuous addition of nitrogen to the paddy fields year after year.

Another group of workers (Dhar, Tandon and others) think that the

paddy•fiold»soil itself is capable of fixing the atmospheric nitrogen without
the help of any bacterial activity. The soil is able to do this through
photochemical reactions in the presence of the carbo-hydrates supplied
by the algie. This view, however, is not very much accepted by the
majority of the biochemists. In this connection it would be interesting

to point out that Allison and Morris claim that the blue-green algao them-
selves can fix up the atmospheric nitrogen without the help of any bacteria.

How far this claim is justified will have to bo decided by further investiga-

tion. Pure cultures of these blue-green algae have been grown by some
workers and it has been pointed out by them that the blue-green algfo

m the absence of the associated bacterium is unable to fix up the atmos-
pheric nitrogen.

Plenty of further research is therefore needed to decide how far the
alga? are really helpful in maintaining the nitrogen supply of the paddy
fields.

AlgcB of Estuarine Regions,

The algal-flora of the estuarine regions is very interesting. The
water during the flood season is mainly pure water, but during the rest
of the year, when the flow in the river has stopped more or less, the water
becomes gradually more and more brackish. Sometimes, near the mouth
of the river, the water is nearly as concentrated as the sea-water itself.

The algal flora, when studied throughout the year will show several
intei^ting features. The algal flora of estuarine regions are studied in
detail in western countries. G. Venkatraman and myself are now studying
the diai'Om flora of the Cooum estxiary at Madras during the several
seasons. During the monsoon period when the water is practically pure
the estuarine region contains only the pure water species. On the other
hand, when the water is very brackish, quite a number of marine forms
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come in and all the fresh water forms whieh were present pi*eviously die
out. Some forms, however, are present more or loss throughout the year
under varying conditions of salinity. Those forms are presumably those
which can accommodate themselves to the increasing or decreasing salinity
of the water.

We have plenty o^ ostuai'iue regions in India. A study of the algal
flora during the different parts of the year and the range of the dilferent
forms within the estuarine n^gion and also higher up the nvei* will throw
much light on the capacity of the several organisms to adopt tfiemsolves
to the varying conditions of salinity. It would be interesting to have
exact data regarding the algal flora of our ostuarino regions.

Al(j(Xi in relation to aqnatic animalf*.

These can bo classified under two important divisions: viz. (1) AIgto
which are opizoic and are living on aquatic annuals, and (2) Alga* as
which form the food of animals. Quite a numlxu' of alga* living on the
surface of the aquatic animals, for instance, some species of Cladophora
are found growing on the shells of water snails, and some sptuMcs of
Characium on some crustiaceans and some on Anopludeno larvai. Those
algae by growing on moving animals are able to tayi a larger supply of
dissolved gases and salts through the movements of their animal host in

the water. It would be interesting to note all such algal organisms that
lead an epizoic life.

Coming to alga* as food of animals, it may bo mentioned that alg;e

fonn the food of minui e animalcules in the watc'r and these l.iny animals
in their turn form th<' food of larger animals and these again ol still largi'r

animals and so on, imlil finally of the larger animals like fishes. Thus the
fishes in the wat(‘r really depend in a way though indirectly upon the algal

population in the water for their food supply. It would be int ('resting to

find out the nature of these ‘food chains’ i.e. from the algic t/o the largest

animals in the several pieiJes of water in our country. In pisiculture,

this question is coming uji largely to the front and investigations of such
food chains in our waters will help materially in thr* development of
pisiculture in the country.

AhjcB and Mosquito larvw.

Algal arc largely used as food by the larv® of mosquitoes. Several
workers liave tachled this question. Rudolfs, Rarbar, Buxton and
Hawkins, Senior White, Lamborn, Hamlyn and Harris, Boyd and Foot.
Howland, M. O. T. Iyengar and others. Two views are at present current
regarding this question. One view is that f.he mosipiito larvco are sywnufH*

in their food relations, i.e. that a particular species of mosquito larva
depends for its food on a particular algal species and that in the absence
of the alga or algae in question the larva is unable to live. If this should
prove to be the case, then it would be possible to control any particular

mosquito by controlling the growth of the corresponding alga. Tht^

people holding the other view maintain that the mosquito will eat anything
which comes in its way and that it is not specific in its food relations, anil

that, in the absence of the alga*, it will eat any other available food. And
even, if a mosquito should depend on algte it is not partial to any particular

species or genus. Any alga is welcome and will form its food. So the

two views summed up come to this: (1) that a positive correlation exists

between the distribution of the mosquito larvao and the distribution of

^e algae forming their food, and (2) that there is no correlation between
me distribution of the larvae and the distribution of the algaj ; if the alga3

^ present these are eaten by the larvas. At present there appears to be
;,more support for the second view. In India, the observations of Senior

White on the feeding habits of the mosquito larvie are more in favour of

the latter view. In one case, however, a definite positive correlation has
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boon shown to exist between Cloaterium and Anopheles punctipennis, by
Boyd a^d Foot. And a negative correlation was observed by them
betwefm Auophelone larvae and Unicellular Cyanophyceae. Another case

of definite positive correlation has betni recorded by M. O. T. Iyengar in

TravaiK'oro. The larvae* of a species of Mansonioides live in pools in

which Pistia stratiotes is growing in plenty. The larva*, unlike other
mosquito larvae, do not come up to the surface to breathe, but dig their

caudal portions into the roots of Pistia inside the water and get the

necessary air from the inbTcellular air spaces found in the root of the

Pistia and continue to live m that fixed condition. These pools, owing
to the largo amount of organic matter in them, support a rich diatom

.flora, and the mostiuito larvso live on these diatoms. An examination of
! the stomach contents of the larv® shows a large number of diatoms in them.

I
If the water in those pools is very pure and consequently poor in diatoms,

I then the larvas are absent in the water. *

i, PaoF F. E. Fiutsck, London.

Algal problems peculiar to the tropics.

I have Ustonod with great interest to the very able opening remarks
of Prof. Iyengar and liave been especially pk^asoil to find that he has put
the ecological point of view in the forefront of his considerations. There
IS no doubt that the study of the ecology of freshwater algai is of con-

siderable economic importance, and because this has been recognized in

England we founded some ten years ago the Fre8hwat.or Biological

Association for the study of the biology of freshwater plants and animals.

This association has a laboratory on Lake Wiu<lormoi*e in the north of

England where many diverse problems of freshwater biology are being
investigated. We have called our Association the Freshwater Biological

Association of the British Empire, because we felt that many of oui*

problems will find a parallel in other parts of the Empire and wo should
welcome the co-operation of Indian algologists in solving some of our
probloiris. I have come here to learn from my Indian colleagues and do
not want to say very much.

i It IS difficult to discuss all the numerous topics raised by Prof,
i Iyengar. A study of the algal flora of rice -fields seems tc) mo rnijst

' important. Here you have a unique artificial, but very ancient, type
- of habitat which has no direct parallel in tomporato regions. What we
want to know is how far there is a imiform type of algal flora (not

necessarily extending to detailed specific constitution) in the rice-fields

and how far it shows a uniform periodicity. To solve that, team-work on
:thc part of investigators all over India is necessary. Such knowledge
will help markedly towards the solution of the problem of nitrogen-

fixation in rico -fields, which are still very unclear.
Prof. Iyengar referred to the characteristic features of tropical lakes

and to the work of the German Sunda-expedition. This work has disclosed
marked differences in thermal relations, oxygen-distribution, etc., in

tropical and temperate waters and more particularly in those of the
oilgotrophic In India, with its wide range of climatic conditions,

. these different types could be studied in detail and tlieir exact relation to

I

one another established. The small pools do not seem to me to be of the

I
same degree of interest from the ecological point of view. As regards

I
rivers I should like to see other parts than the estuaries investigated, as
wo know very little of the algal growth, apart from plantation, in tropical

) rivers.

Reference has been made to the abundant occurrence of water-
flowors, usually due to Microcystis aeruginosa^ in many of the small and
shallow waters of South India. Organisms of this and similar types often
cause analogous water-flowers in European waters, but this occurrence is

not so regular and wide-spread. For many of them no moans of per-
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sistence from one period of occuri*erice to the next is known and yc't

during the period of ‘ absence * the persisting stages may perhaps be most
vulnerable and most easily eliminated. Indian algologists can most
readily study this question. At this point I may refer to tin? fact that
for the majority of the Blue-green Alga? very little^ is known of the life-

cycle, in particular of the numerous forms that occur in suba^rial habitats
in the tropics.

Prof. Iyengar also referred to the problem of the relation bi^tween
mosquito -lar\’^(e and the algie of the waters in which they occur. I have
seen collections of alga3 from mosquito -infected waters from diverse parts
of the earth ; the algal flora is very varied and I know of no dcflnitely

established relation except that recorded by Dr. M. O. T. Iyengar.

3. Da. H. CiTAUDirURi, Lahore.

It is doubtful if t he algie themselves fix any nitrogen. The author
has examined alga*, water and soil from the water-logged rice-fields of
Bengal. Ho isolated the alga3 from the water-samples and also the soil.

The algae were mostly bluo-groon and some green. Algie with mucous
coat had always bacteria m the sheaths. The different bacteria wore
isolated, and grown in culture for determining the power of nitrogen
fixation. Some fixed nitrogen vary quickly, others slowly. These liacteria

worn also isolated from the soil. The very rapid nitr(>g(*n fixation in riee-

fields with alga* is due to those ha<*teria. In the ordinary soil, the fixation

by these organisms is very slow, Ix'causo thoy cannot multiply so quickly
as when in the field the algae are multiplying and disintegrating. These
disintegrating algas aijt as culture media when the nitrogen fixing organisms
multiply very quickly.

Growth of alga* is determined to a very largo extent by the salts

present in the medium and in the lieMs, thoy a(‘t as indicators. In the
Punjab, in many canal-irrigated areas, the water-table has boon coming up
and we find salts being deposited on the surface. When these salts are
deposited, the normal algie of the soil disappear altogether. Duo to
further siltage from the canals, those areas gradually become submerged
in water lor a few inches to a couple of h‘(‘t or more. lu this condition,

1 have noticed miles and miles of submerged lands, in whieli only
Hydrodictyon and a few other alga* could grow. 1 have also followed
the rt'clamation of those water-logged lands in tlio Punjab by treatment
with gypsum, and gradually the ixd.um of the normal typo of alga*. Alg®
as indicators off(!r a fertile and useful field of research.

4. PiiOF. S. L. Ghosk, Lahore.

(i) In the Salt Lake at Sambhar, Rajputana algse form a pest and
effect the quality of salt produced, and there is a tremendous loss of
Revenue to the Government. The algie of the Lake should bo studied
4nd measures for tlu^ir eradication should be investigated.

(ii) The morphological and physiological nature of the hotoreeysts
of the Myxophycea’. It has been observed that the contents f)f the
heterooysts in the tropics are more abundant and more marked in tropical

than in temperate countries.

(iii) Algae can bo used as indicators of the quality of soil, such as

alkaline land that is being reclaimed by chemical moans,
i (iv) Tho question of river pollution by algao is not so important in

I
India as in England, as most of the rivers are larger and swifter. More-

fover, the population round them is not so thick.

6. Prof. S. P. Aguarkar, Calcutta,

I wish to have some information about the method by wliich tho

penetration of light into thowaters of Indian lakes was measured. I further
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wish to draw attention to the necessity of a study of the algae of salt lakes

of India. As regards the stage in which many of the alga> tide over the
unfavourable season and why they are found at particular seasons only,

there is very little information. This is the case with other organisms,
including some animals, and it is desirable to investigate this.

(1. Dr. U. P. Pal, New Delhi.

Dr. B. P. Pal gave a brief account of some experiments he had carried

out in Burma to investigate whether charophytes exorcised a larvicidal

influence upon mosquito larvse. In those experiments plants of species

of Cham and Nitella wore grown m jars and known numbers of mosquito
larva} were introdu(}0(l into some of the jars. The larva* flourisho<l in these

jars just as well as in the control jars (i.e. jars in which no charophytes
were growing). The results indicated that the species of charophytes
experimented with had no larvicidal effect upon mosquito larva*. Tn
the course of the experiments it was discovered that the charopliytes

sometimes harboured the larvae of a species belonging to the odonala,

which preyed upon inosrjuito larva*.

7. Prof. Y. Bharauwa-fa, Benares.

Almost all the previous speakors have laid stress on tVie so-called

economic aspect of the study of alga* on which praittically no work has
yet been done in India, and none has pointed out our difficulties in the

morphological and taxonomic studu’s of those plants. While I strongly

supjiort that work on hydrobiology, limnology, pisciculture, etc. should

bo undertaken more or loss on the some lines as followed in some of the

foreign countries, I urge that the morphological study of these })lnnts

should not bo neglected. Wo have not yet done much work on algology

in India, and we must* first know what kind of alga* grow in this country.

The need for working out the algal flora of India is therefore imperative.

This IS a work of fundarnoutal importance.
In order to know the species growing m this country wo have at

present to consult books on floras written by foreign authors. The
descriptions of most of the tropical alga* given in those books are based
on the study of preserv'cd materials and they caimot therefore bo con-
sidered entirely reliable. Algai grow most abundantly in the tropical

countries, and a sub-continent like India, with its varied climatic conditions
and habitats, is the most suitable place for the study of these plants. My
personal experience shows that in many cases species, ev’en genera merge
into one another through intermediate forms, and it is very likely that
these are merely habitat-forms rather than soparal-e plants. Such cases
have been met witli more abundantly in the Myxophycew, to the study of
which I have devoted special attention, although they are not uncommon
in the chlorophycea*, sucli as the Ulotrichales, the Cha*tophorales and the
Siphonales. I therefore strongly advocalc^ a consistent study of the
tropical algje in the living condition from an ecological point of view to
enable us to know their behaviour under <lifferent climatac and edaphie
circumstances. I am sure such a study will bring out several interesting
data which will nullify several gent'ra and species that are at present
recorded in books on algal floras written by those authors who had no
opportunities of studying the alga* of the tropics hi situ. In this respect
the Indian algologists are in a posit-ion to contribute materially to the
knowledge of these plants.

8. Mr. R. Senior White, Calcutta.

Though medicine has long recognized that it is essential to enlist

the assistance of the entomologist in the solution of the problem of the
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control of several insect-borne diseases, medicine has so far enlisted the

assistance of the botanist only in the case of the disease trypanosomiasis.

But with the entomologist, it is becoming very necessary that medicine

should call on the algologist for help in the control of one, rather the

principal, insect-borne disease of this country—^malaria.

Malaria in the tropics will never be widely and generally controlled

by the application of chemicals, for reasons of cost, and relief to the

thousands of malaria-stricken villages in this and other trojiical countries

C!nn only be looked for by the discovery and application of naturalistic

methods of control, such as, from time to time, one sees nature herself

apply to check the breeding of some malaria-carrying Anopheleno. Wo
are just beginning to make use of one or two of these naturalistic methods.

The success of Kainsay’s shade-methods in Assam, and of Williamson’s

herbage-packing method iii my hand are cases in point. But we are

(juito ignorant of how suc.h work. What change is caused in the water

by densely shading it ? Do we alter the flora on which the Anopheleno

hieds ? Herbage-packing appears to act by de-oxygenating water,

replacing algae by fungi, but wo lack any detailed chemical or botanical

studios on the waters.

Taking seriatim the types of habitat discussed by Prof. Iyengar:

Roah pools .—I must disagree with Prof. Fritsch regarding their being

of academic interest only. As a cause of malaria they are very important,

in the North Centre of the country particularly. At times they produce

the dangerous cvlicifacies, at others the harmless suhpiclus only, the reason

appearing to be the amount of oxygenation, according to steady or to

breaks m the rains. This lack of oxygen is not a direct effect* on the larva,

an air-breather. It is probably through the algal flora, an unstudied

subject. I have published the algal study of an artificial rain pool, but

that was only the start of such an investigation.

Rice Fields .—As Watson has said, food is oven more essential than

health, anil therefore though rice-gr<jwing causes an enormous amount of

malaria, it must continuo. But all rice-fields are not malarigenoiis.

doing from Calcutta to Madras they are so up to about the Orissa frontier,

but not southward. Casual observation would suggest that this has

isomothing to do with the presence or absence of floating algal clumps
(Ghlorophycoa?), which are especially suited to An. annularis^ the principal

vector of the region. This algal growth seems less common in N. Madras.

I would add my plea for the adoption of Prof. Fritsch’s suggestion of

detailed team-study of the algal flora of rice-fields.

KsUiarim arca5.““Here again I must join issue with Dr. Fnfsch.

The problems they present are not purely academic. They are highly

mxportant owing to the fact that they are the breeding ground of a special

Anophelene, sundaicus, that has caused (uiormous suffering in deltaic

Bengal, and is now a new-comer, causing havoc on the Chilka Lake.

The problem of this Anopheleno is very closely bound up with algal

factors. It is probably a diatom feeder—diatoms turn the stems of the

Potamoffeton thickets brown but it is to the jilaquos of dead Potamogeion

bound together by Lfingln/a that the mosquito owes its provalanco and

socuiity from its enemies, fish, etc., living in the narrow crack-like water-

space between the plaques. If the algologist will tell mo how to control

the Lyngbya. 1 will control the epidemic.

I oiice belonged to the school that thought mosquito larvie selective

in their feeding, but I do not now do so, though there well may bo some

alga> more nutritious than others, thus accounting for larval prevalence.

But freshwater algie have yet to bo analyzed for food values, as hav<' some

marine ones. But there is one mosquito, Culex bitcaniorhynchua, that is

ientirely specialized, as its ventral plate shows, for feeding on one genus

^of algal, Spirogyra. Williamson has recently shown that this mosquito,

Iunique among the Culioines, is a vector of human malaria. Probably

/ only academically so, but if there be found anywhere a place where this
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mosquito is of any importance in malaria causation, then control of this

malaria will be a matter of control of Spirogyra,

9. Mr. M. O. T. Iykngau, Calciitta.

Prof. Iyengar referred to the daily turn over of water in tropical

ponds. I happened to make some observations, while studying the
dissolved oxygen content of pond water, which appear to support his

views. I observed that there is a diurnal variation in the oxygen content
of surface water in ponds, which was highest at about 3 o’clock in the
afternoon, and reached its lowest level in the morning at about 5 am.
The rise in tlie dissolved oxygen content was associated with the solar

radiation and the photosynthotic activity of the algal plankton. In the

afternoon when the surface wateir (1"^ to 6^ below the surface) showed a
high dissolved oxygen content, the water at the bottom of the pond
showed a low oxygon content. The surface water being warmer at the
time, remained at the surface. The lowering of the atmospheric tempera-
ture after nightfall and the cooling of the surface water caused a circulation

which resulted in the equalizing of tlie dissolved oxygen contents of

surface water and dwp water. From midnight till morning there was
no difforonco in the dissolved oxygen contents of the surface water and
deep water.

Prof. Iyengar refen'ed to the work of Cabellero and others on the
inhibitory action of Ohara on mosquito breeding. I must say that the
observationa of Cabellero have not been confirmed by several of the later

workers, and at present there is no evidence to show that Ohara has any
inhibitory action on mosquito breeding. Species of Chara with which I

worked do not seem to have any lianriful effect on mosquito breeding
either in the laboratory or under natural conditions. T have in some
cases soon numerous Anopheles larva* thriving on the top of sub-aquatic
brushes of Chara.

There are, however, a few algie which appear to have some inhibitory
influence. The presence of Mtcrocystis aeruginosa in water appears to
inhibit the development of most species of Anopheles with the excejition

of A, suhpivfus and A. vagus. I have also observed that ponds with a
dense surface growth oiKuqlena are generally free from A nopheles lar\'a‘.

There is another aspect of tlio in/luence of algal floia on mo.s(]|uit(>

breeding on which I have a few observations to make. Several species of
mosquitoes of the genus Anopheles have specialized breeding habitats,
some breeding in running water, some in seepages, some in brackish water,
and others m fresh stagnant water. In many of these cases the selective
habitat would appear to depend to a large extent on the avadability (»f

certain types of algal flora.

I give below two typical examples of the relation of algal flora to
mosquito fauna.

In the foot-hill zone in Bengal the running streams are the important
breeding places of Anopheles. Where these streams are covered with
dense forest, the species of Anopheles found to bribed are mainly A . aitlceni

and ^4. barbirostris, species which are not concerned with the transmission
of malarial infection. When such a stream is exposed to light, as for
example, when the forest is cut down, the character of the Anopheles
fauna is entirely changed. Anopheles aitkeni disappears completely and

t

uch species like A. minimus^ A. maculatvs and others knowm to transmit
aalarial infection breed in largo numbers. The exposure of the stream
to light causes a change in the algal flora, which inhibits the breeding of
the harmless forest species and favours a heavy incidence of the malaria
transmitting species. This change can be demonstrated by following a
stream emerging from a dense forest into the open area. The differences
between the shaded stream and the exposed stream as regards the algal
flora and the anopheline fauna are indeed very striking.
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j This phenomonon has been utilized in malaria control work by
f
preserving forests in the vicinity of streams and, whore this is not feasible,

j by growing Duranta brushes on the sides of small streams to produce an
^ artificial shade.

The second example relates to a moscjuito known as Manson'ioidea,
jan important carrier of filarial infection m India. Unlike* most mosquito
iarvR' which come up to the surface of water ff)r breathing, the larvae of
\Man8onioides has the interesting habit of msorting its breathing apparatus
into the root of Piatia atratiotes and obtaining its supply of oxygen from
?the large air cavities in the cortical region of the root. Ponds covered
with Pistta arc generally poor in green algal plankton, and such grocm
algae as may occur are not available to the Mtmaonfoidcs larvae which
leads a sedentary life attached to the roots shaded by tlu* l(‘aves of Pistia
and an inch or two below the water surface. The food of the Manaonioides
larva? consists almost entirely of diatoms.

The occurrence of a rich diatom flora in ponds is closely related to the
presence of some organic contamination, a common source being the
decaying coconut husk steeped in ponds for the mauiilacture of coir.

If such organic contamination is absent, the diatom flora is poor and
Manaomoidea fails to breed, although the other necessary factor, namely
Piaiia^ is present. There is here a close relation between the presence of
diatoms an<l the breeding of Manaonioidea. The brooding of Manaomoidea
can bo controlled by reducing the incidence of diatoms through eliminating
the source of organic contamination.

Certain methods of mosquito control through altering the character
of the water, as for example the herbage packing method, appear to be
offecti\'e through the changes brought about in the algal flora of the
water.

As a worker interested in problems connected with the ecology of
mosquitoes, 1 cannot stress too strongly on the importance of studies on
algal flora in relation to mosquito breeding.

10. Dr. F. R. Ruarucha, Bombay.

The present discussion has brought out very clearly the importance
of the intor-relationships of different branches of science for in the present
discussion it is not only pure algologi.sts who have taken part but doctors,
entomologists, chemists, public health officers and ecologists. This
inteipendence of the subject is not realized in our medical research
institutes like the Malarial Survey of India and Haffkine Institute, Bombay
with the result that there are no posts of botanists in these instituk's.

Within the last one year several inquiries have come to mo from such
medical institutes for the identification of algie and diatoms contaminating
various types of waters. Industrial concerns and public health officers

send their samples of contaminated w*ater to such medical institutes and
invariably due to an absence of a botanist on the staff, thi^sc mipiirios

do not elucidate any point. If a botanist is on the staff, he would do
very useful wurk by aualy/ing the water samples from the point of view
of an algologist and suggest means and measures to get rid of algal con-
tamination or study these waters and make detailed eiulogical investiga-

tions with a view to find really profitable solutions for the prevention of

infection by algae and diatoms. Thus and thus alone, can the public

health departments become really useful to the public. This point of the

appointment of a botanist to the staff of a medical institute was also

emphasized by Dr. Senior White, Malariologisi to the Bengal Nagpur
Railway who took part in the discussion.

11. Dr. Gilbert Fowler, Madras.

Dr. Gilbert Fowler (Madras) remarked on the importance of the

study of Indian lakes as sources of water supply. In the past at tention
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liad been confined to bacteriological pollution of water and the effect of
Htorago on the viability of pathogenic organisms. Dr. Fowler had long
urged the importance of limnological investigations, especially in relation

to the water supplies of Bombay and Madras. The work of Prof. Iyengar
and hi» eoUeague interested him greatly. From the economic point of
view it was disappointing to hear that the problem of control of algal
growth could not yet be considered to have reached a practical solution.
U^he effect of the products of algal growth on the metal corrosive pro-
perties of the water was not properly understood. He would ask the
Investigators to study particularly the effect on algal growth of flow

through closed conduits. In regard to effect of rate of flow of water on
algal growth he would like to know what the critical rate of flow should
be if danger of malaria was to bo avoided. Ho must differ from the
Chairman m his belief that the condition of Indian and European rivers

was similar. It might shortly be said that in Europe there were? large
populations on small rivers, in India thoro wore small populations on
largo rivers.

12. Dr. K. P. Biswas, Sibpur.

W'e are discussing a very vast subject on wliich very fow of us have
any comprehensive idea. I mean the discussion on ‘Algal problems of
the tropical countries of the globe’. Prof. Fritsch is the only authority
here who can give us some idea from his early works on Ceylon and African
alga*. But to tackle the various problems means continued study of alga*

in different seasons in the field and in the laboratory, although, I admit
there is some general similarity m the algal flora of the tropics as a whole.

It is better that we confine ourselves to the problems peculiar to
India alone. Even then the study of the algal problems of such a largo
<‘ountry as India with her diversity of climate is fairly a vast one. Again
jt-here are various aspects of the study of alg;e. Wo hav o not yet taken
leven a census of the inland species belonging to the different classes of
algflB occurring in all the provinces of India nor of all the sea weeds
^growing on the Indian coast. Some good work has been donem ou j country,
but it is still very far from being complete. The systematic study of alga*
which forms the background of all subso<|ucnt investigations is thus even
now left far behind.

The study of algal ecology, both auto-ecology as well as syn -ecology,
has also not been much attempted here. This is one of the most import-
ant .subjects of study and has some bearing on economic aspects too.
For exainjilc, we have -especially in Bengal and Madras—extensive rice-
swamps. A .systematic study of the algal ecology of these rice-swamps
js of considerable importam;o to the growth of the’rice crop. The amount
of nitrogen fixation by these algre is now being investigated by Mr. Dey
in Prof. Fritsch s laboratory in London. The results of his studies will
throw much light on this complicated question. Prof. Fritsch would
further enlighten you on this subject. But, before taking up anv detailed
investigation in this direction, we must first of all know which different
species of algic grow m the rice-fiolds, in which area of the country, in
wliat proportions and under what edaphic and climatic conditions. The
capacity of each of these species to fix nitrogen will then disclose the
usefulness or otherwise of the alga* growing in a particular rice-field. It
has been found by Mr. Clardnor of the Biology Department of Metropolitan
Board, London, that the presence of certain members of the phytoplankton
iiulicate an excess of certain mineral salts in the water in which they
grow. Such discoveries are likely to improve the cultivation of rice in
this country.

The importance of algal study in comiection with the filter-beds of
freshwater reservoirs has been 0mph€isized by me in some of my publica-
tions both scientific and popular.

^ ^
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The importanoe of the study of freshwater alga* of tanks, jhils and
lakes, particularly in a fish -eating country like Bengal, cannot be o\'er

estimated. Of equal importance is the study of the algse of brackish
waters like that of the (^hilka lake, the Calcutta Salt Lakes, the numerous
ereeks of Sundarbiins and the extensiv'^e open w’^ater areas of Bombay
^along the sea-face which are the depository of many kinds of <lelicious

,,
fishes.

These are only a few of the problems and 1 hav'e selected these as
they have an applied aide. The present (juestion, as you are all aware of,

is what IS the use of this algal study ?

We have plenty of material for pure study. For example, the whole
of the Himalayan area is almost untoucbcid . The recent collections of alga^

made by mo and others in the area show that there js no dearth of alga^

even at a height of neafly 20,000 ft. The study of the occurrem'e of alga'

at the dUiforent altitudes would be very interesting indr^ed. Then tlicre

are numerous hot springs even at a height of 17,000 ft. m Sikkim and
in Carw’^ahl Himalayas. It is w'orth studying the algal spi'cies growing
around the hot springs in the hills and in the plains. VV'e find also

numerous ephemeral, annual, biennial and perennial species of algtv

<‘onfined to the deeper depressions of the half dried rix er-beds in various
parts of Nortliern India. They harbour quite a large stock of interesting
alga\

The study of the distribution of all the diffcsrcuit types of even some'
of the common associations of algie is also very fascinating

The ])hysiologists and cytologists have yet to find out as result of their

study, many important^ facts in the life-history of tVie various groups of

Indian alga*.

To tackle all these problems requires men and money. We are

certainly in want of the money if not in men. But, as regards Bengal and
Madras, the study of the algie of tlie rice-fields and the study of fn'shwater
alga' of tanks and filter-beds are imperative. The Imperial (’ouncil of

Agricultural Heseareh, liberal as they are in encouraging ex ery genuine
attempt towards improving the eropa, may be approached to provide
fluids for sneh a useful study. At least two or three research scholars can
easily bo provided. These scholars will w’ork under the direction of an
expert algologist. We shall therefore by such means have iii the near
future a band of trained algologists who, prompted by the interest of
their study, will, 1 am sure, make algology a life-long study and would
thus advance our knowledge of Indian alga'.

13. Prof. F. E. Fritsoh, London.

ConcUiditig Reniarka.

As 1 said at the outset I have come hi^re as a learner and I have
indeed learnt much m this morning's interesting discussion. I have been
particularly mtorested in the many contributions relating to the possible
relation of algal growth and the oeeurrenee of mosquito-larvie and it is

quite evident hero that co-operation between the botanist and zoologist

is desirable. The control of algal growth, whether in such waters or in

water reservoirs, for instance, is howov^er a matter requiring much further

investigation. Very slight changes in the amounts of mineral salts or in

|the hydrogen-ion-eoneentrat ion of the water may produce very marked
^hanges in the algal growth present, and we are at present only at the

klireshold of understanding such changes. It seems probable that the

Control of algal growth will have to be attacked on a biological basis and
^that undue growth of algie will best he cheeked by association with an
^appropriate fauna.

Some of my remarks wore perhaps a little misinterpreted. 1 did not
wish to suggest that the morjihological study of the algoo he neglected,

but that mere description of new species, until such species were known
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to be ofecological value, was scarcely the best way of utilizixig the abundant
energy of the numerous workers on Indian freshwater algSB. How great

a contribution Indian algologists can make to our knowledge of algal

moiphology is abundantly illustrated by Iyengar’s work on Tetrasporiditmh
Echallocytitis, CliaracioaipJwnt etc. and Bharadwaja’s contribution on
the morphology of the blue-green algss.

X:XX. DISCREPANCIES BETWEEN THE CHRONOLO-
GICAL TESTIMONY OF FOSSIL PLANTS AND
ANIMALS.

(Sections of Geology a7id Botany.)

Dr. A. L. dll Toit presided, and Professor B. Sahni, president of tlie

Botany Section, opened the discussion.

1. Prof. B. Sahjsi, Lucknow.

Dinerepancies between the chronological testimony of fossil

plants and animeds.

The question of a possible conflict between the evidence of plant
and animal remains in fixing the ages of strata is not a new one, nor is

it confined to the field of Indian geology. Like other many-sided problems
it suffers from the inherent difficulty that the specialist has rarely, if over,

a full appreciation of evidence lying outside his own field.

Perhaps we shall never know how far our disagreements may be due
to this factor. But the present occasion seemed to offer a unique oppor-
tunity for discussing our problem on broad lines, because we had looked
forward to see here an international gathering of specialists repi’esenting

different aHjiects of the question. For various reasons this hope has
been only partially realized, hence our special thanks are due to those
colloaguos abroad wlio have sent us their views lu writing although wo
could not have the benefit of their presence hero to-day.

The soa has probably always covered the greater part of the earth's
surface, as it does to-day. Accordingly most of oui* fossiliferous strata
are marine, inspite of the great terrestrial formations of Gondwanaland
in the south. As it was m the northern countries that the geological
scale was first studied, our standard scale is })rimanly based upon marine
animals, with the plant -bearing strata merely mterjiolated.

I have often wondered how' a palieobotanist would classify the strata
if he could possibly work on a clean slate, unfettered by previous
ideas. In the Gondwanas, at least, he might quite probably placie

some of his major boundaries at horizons different from those in the
European scale. But would this indicate a real discord in the ago values
of plant and animal remains, or would it be merely duo to the well-known
fact that in different parts of the world some of the major breaks in the
rock-record occur at different periods ?

The problem of these discrepancies, real or apparent, first confronted
me about twelve years ago during a survey of the southern fossil fioras,

and I made a passing reference to it in an address to the geology section
{Proc. VMh hul. Sci. Cong,, 1926, pp. 246-247). Let us examine a few
actual cases where the evidence from the two sources appears to be
contradictory.

(a) The Hawkesbury Series {NJS,W,),—In Sussmilch’s Geology of
New South Wales (3rd ed,, 1922, p. 166) one reads of an astonishing
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contradiction in the fossil evidence. The Hawkesbury series is generally
included by the Australian geologists within the Tnas.i 'J’he topmost
member, known as the Wianamatta stage, contains a flora of Triassic
(or Rhaetic) aspect, but of the eleven genera of fish recorded from St.

Peters only four are said to be Mesozoic types, the rest being confined in
Europe to the Palaeozoic, in rocks ranging from Lower OarbonifiTous to
Permian. In the accompanying table are indicated in parallel columns
tlio broad aflinities of the floras and faunas of the Hawkesbury series and
related formations. It will be noticed that in the Hawkesbury stage
(which is older than the Wianamatta) and in the Talbragar beds (which
are younger) the fish are exclusively of Mesozoic types. Tf the data are
sound we have here a predominantly Palfcozoic fish fauna placed in the
midfllc of a Mesozoic sequence, and associated with a Triassic or Rhffitic

flora. A^Tiether the reported Palaeozoic fish in the Wianamatta stage are
really hold-overs or whether tht^re is a flaw in the evidence is a question
worthy of investigation.

Strata Flora Fish Fauna

Talhrof/ar iSeries. Jurassic. {A t Tnlbraqar) J urasstc

^

Wianamatta stage Trias or Rhcptie. (At 8t. Peters) 7 gont'ra

Paheozoic, 4 Mesozoic.

.i 1

O
is 02
S3

1 Haw koabury stage.

\ Narrabeen stage.

Newcastle Scries.

Trias or Rhsetie.

Upper part Triassic.

Lower part Permian.
!
Pennin?}.

(At Gosford) all Meso-
zoic.

Similar contradictions have no doubt come to the notice of others
and one could easily multiply instances by a search through the literature.

(b) The Lower Gondwanas of India and. Australia.—13ut perhaps the
most remarkable example of the kind we owe to that distinguished
geologist W. T. Blanford, who was perhajis the foremost amongst the
several able men wdio during the latter half of last century laid the founda-
tions of geological science in this country. After many years’ intimate
experience of the fossiliferous formations of ineba, and particularly of the
Gondwanas, his deliberate opinion was that ‘the Gondwana beds from
top to bottom are of unusual interest on accoimt of the extraordinary
conflict of palseontological evidence that they present ’. And he wont
HO far as to say tliat if the plants were to be relied upon in the same way
as the animals, then we would have in India ‘ a Rhflet ic flora overlying a
Jurassic flora, and a Triassic fauna above both’, andm Australia ‘a Jurassic
flora associated with a Carboniferous marine fauna, and overlaid by n

Permian freshwater fauna’ {Rep, Brit, Assoc. y 1884; or Rec, Q.S.l.. IS.

p. 32 ff.).

The words I have just quoted were addressed to the geology section

of the British Association at Montreal in the year 1884. They jiresent

to us in a nutshell the kind of attitude that geologists once held towards
fossil plants as an aid to stratigraphy. Blanford’s address was mainly
devoted to an exposition of the many pitfalls that wore then believed

to lie in the path of the unwary geologist who might be tempted to employ
fossil plants as a guide to stratigraphical correlation. To some of us

1 Although paheobotanically the lower part of the Narrabeen stage

cannot bo separated from the underlying Newcastle series which is definitely

Permian (Sahniy 1926, p. 24fl).
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here to*day ho may seem to Imve overstated the case. But we must
remember that lie was speaking a little over 50 years ago, when the pro-
longed and bitter controversy over the age of the Gondwanas had already
come to a peak. From that controversy some of the foremost palseo-

botanists in Europe had come out with their colours lowered. McCoy
and Do Zigno, Saporta and Schimper, Carruthers and Bunbury, had
all regarded oiir Damuda flora, and its Australian correlative the Newcastle
flora, as Jurassic. The unfortunate fact was that in 1879 Schmalhauson
{Beitr, z, Juraflora Rnaalands,, Mhn, Ac, Sci, St, Petersh,) had assignetl

to the Jurassic an important collection of Russian plants which (as sub-

sequent events showed) had come from mixed horizons, partly Jurassic,

partly Palaeozoic. A few of our Damuda plants had been identified and
others closely compared with members of this supposed Jurassic flora,

which also included tongue-shaped leaves recalling Oloaaopteris and
Qangamopteria ; and by some inexplicable process the whole of our Damuda
flora was swept into the Jurassic net ! The nearest resemblances were
supposed to lie with the Lower and Middle Jurassic floras of Europe and
here the superficial resemblance between OlossojHcris and Saqenopteris

must have helped in the deception. Feistmantol, it is true, had upheld
an older ago for the Damudas: ho had classed them as Triassic but, as

we know, even he had not gone far enough. Meanwhile the animal
evidence in favour of a Permian age had be<*om(} invincible.

I should imagine that fossil plants were never so much at a discount
among stratigraphers as they were about the time Blanford wrote. No
wonder that to a more or less marked degree geologists all over the world
had a mistrust of plant remains. But in India this was a special pity
because such a largo proportion of our fossiliferous strata are freshwater
deposits with plants as the chief basis for correlation.

Only gradually were the doubts cleared away. One after another
were found, in distant countries like Brazil, South Africa and Australia,

those few but sure links with the northern floras tliat wo liavo learnt to

value so much. And now we can say that, like the animals, the plants
show our great southern coalboaring series to be Paheozoic. There never
was any real discrepancy.

(c) The Laramie problem {U,S,A.)—^American geologists are familiar
with the long controversy over the Laramie problem, only recently laul

at rest.

The question was whether the Cretaceous-Tertiary boimdary line was
to be drawn below or above the Laramie formation.

TABLE

(summarizing the Laramie problem).

WASATCH
(Undoubted Tertiary)

FORT UNION
Fauna very distinct from Laramie

(no Dinosaurs); but flora regarded
as closely allied to Laramie.

LARAMIE (in its eastern part known as the LANCE) CANNONBALL
Cretaceous fauna with Dinosaurs throughout marine member inter-
but flora of modern aspect, regarded as stratified with the
Tertiary. LANCE. Rich fauna

of strong upper
Cretaceous afiinities.

Undoubted marine Cretaceous,
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The Lajamio, in its eastern part known as the Lance, is a thick fresh-
water series oontainmg a Cretaceous fauna with Dinosaur bones throughout,
but also a flora which the early palaeobotanists had pronounced Tertiary.
The contradiction between the flora and fauna thus lay within tlie Laramie
itself. Below the Laramie lie undoubted marine Cretaceous beds. Above
it is the Fort Union formation with a flora reported to bo closely allied
to the Laramie but a very different vertebrate fauna dex'oid of all trace
of dinosaurs (see 'liable).

If we go by the plant remains the Laramie and Fort Union should
both be classed as Tertiary, and indeed in many places there seems to be
a conformable passage between them. If, on the other hand, wo give
prime importance to the animal remains the Laramie (and Lance) are
Cretaceous, the Fort Union is Tertiary; and this view is supported by the
recent discovery (1922) of the Cannonball marine bods in N, Dakota which
ore interstratifled with th^j Lance formation and contain a well developed
fauna of undoubted Upp('r Cretaceous affinities.

Geologists in America now seem agreed to draw the line between the
Larama; and the Fort Union formations, thereby giving greater weight
to the faunal evidence, which obviously is v^)ry strong. A critical com-
parison of the two floras is therefore indicated to see if after all they do
not fall into line with the faimas.

(d) The Deccan Trap,—A problem in some ways parallel to the
Laramie was that of the Deccan trap formation which also turned upon
the position of the Cretaceous Tertiary boundary lino. The whole question
was discussed at length at our Hyderabad mooting last year {Proc.

Ind, Sci, CotKjr.t 1937, pp. 459-471). So I shall content myself here with a
reference to the salient points, so far as they concern the suiiposed conflict

between the plant arul the animal evidence.

The Deccan traps are a thick senes of volcanic lavas covering an
enormous area in the Indian peninsula. Direct evidence regarding their

age is afforded by the flora and fauna of the so-called Intertrappean beds,

an intermittent series of freshwater deposits laid down in lakes and rivers

during the quiescent periods between the eruptions. Indirect evidence is

given by the fauna of certain bods below, above and in distant areas but
the exact relations of those beds with the traps are not always clear.

This much is certain that in the Central Provinces the traps ovorUe strata

of known Cretaceous age, viz. the Dinosaur-boaring Lameta beds, and
the Bagh beds which contain a marine Cretaceous faima. For the rest

the field evidence is not clear. Near the west coast some traps are staU'd

to miderlie beds of nummulitic (Eocene) age. Still further off, in western
Sind, a trap flow is said to he bolow the Eocene Ranikot beds and above
the Cardita beaumonti beds which are generally regarded as late Cretaceous

;

but the exact relation of this trap flow with the lavas of tho Deccan is

unknown. On tho east coast, near Kajahmundry, certain other basalts

are said to be separated by an unconflrmity from underlying bods con-

taining Cardita beaumonti. A general view of tho situation is diagrarn-

matically shown in the accompanying scheme (this should not be regarded

as a geological correlation table).

Table showing the Deccan Traps and related formatiom.

Ranikot bods of Nummulitics
Sind of Western
Trap. cost Trap. DECCAN TRAP Trap

Lameta beds. Bagh beds. Cardita beaxi-

Cardita beaumonti monti beds of

bods of Sind. Rajahmundry

These and other facts have been so often discussed that it is difficult

for us today to keep an untrammelled mind on the matter.
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The pjeneer geologists of a century ago had judged the traps to be

f?arly Tertiary, and in this they were largely guidotl by the iijtertrappean

flora which included, inter alia, the characteristic Eocene fossil Nipadites,

Even the associated fauna was then regarded as Tertiary {Hidop, 1860,

QJQS XVJy p. 165) so that at that time there was no question of a
(iiscrepancy between the flora and the fauna. In subsequent years fresh-

water fossils, and particularly plants, fell into disfavour with geologists.

Even the evidence of the fauna does not then seem to have been taken
seriously, and the question of the age of the Deccan Trap was again thrown
into the melting pot. The direct evidence having thus been rejected as

unreliable, there remained only a variety of indirect consklerations,

based partly upon dubious field evidence, partly upon the testimony of

the animals in the associated strata. I<iargely through the influence of

W. T. Blanford these indirect data, although admittedly inconclusive,

wore allowed to override the direct testimony of the flora. Thus in 1867

Blanford lent the weight of his authority in support of the Cretaceous

theory. Before long this was adopted as the official view of the Ceological

Survey of India (H. B. Medlicott and [V. T. Blan ford, Manned of the Geology

of India, lat ed,, 1S79) and this has been for many years the view generally

acceptecl by geologists bofb hero and abroad. From time to time during

fho past sixty or seventy years aifiOmpts were made to revive the Tertiary

view, notably in 1871 by T. Oldham (7?cc. Geol. Snrv, Ind., IV, p. 77),

in JS84 by P. N. Bose {sec Proc, 24th Ind, Bci, Congr., 1937, pp. 461, 463),

in 19flH by Smith Woodward {Mem, Geol. Surv. Ind., Palceont. Ind., Ill,

pp. 1-6) and more recently by others. But the faith of the Geological

Survey m Blaiiford’s judgment remained unshaken and in 1 926 Sir Thomas
Holland wrote {Indian Geol. Terminology, Mem. Geol. Surv. Ind., LI, p, 88)

:

‘There can be very little doubt that the intertrappeairs as a whole are

OetaceouH, and this is very greatly strengthened by the o(‘curronce of

Bullinus prinsepii in the Miestrichtian of Baluchistan’.

This was the position down to the end of the year 19.‘b‘l when a com-
prehensive review of the mtertrappoan flora finally turned the balance
again in favour of a Tertiary ag(^ which apparently is now accepted by the
(Geological Survey. Not only wore there individual genera of plants in this

flora {Nipadites, Azolla, etc.) which strongly supported this view but the
general character of the flora, with its great preponderance of palms,
was distinctly Tertiary {Sahni, Srivastava and Uao, The silieificd flora of
the Dcccan Intertrappean aeries, Proc. 21at Ind. Sci. Congr., pp. 24-27,
communicated Nov. 1933 ; Sahni, The Dcccan Traps, are they Cretaceous or

Tertiary, Current Science, Bangalore, 111, pp. 134-136, Oct. 1934).
In mentioning those details my main object is to emphasize that in

fact <.hero never was any real conflict between the plant and the animal
(‘vitltaicc. Wo have seen that once it was decided that the plants were
uiiroliabkv the associated animals were thrown overboard with them,
without any apparent reason. On the other hand, when the plant
evidence reasserted itself, faith in the animals also revived. The whole
lustoiy of this vexed question is an instructive example of the way in
which the discrepancies, doubts and dissents of seventy years were dis-
pelled once the evidence from one quarter became overwhelming. Not
oidy did the animals on the whole support the plants but collateral evidence
from radio-active data added its weight, while the field evidence educed
by Blanford, never really convincing, now began to seem more dubious
than ov<'r. What is more, that oft-mentioned gastropod, Bullinus {Physa)
piinscpn, so long ranked in India as a leading Cretaceous fossil, was now
relegated to its real home in the backwaters of the Eocene.

{e) The Po series of Spiti is generally correlated with the Middle
Carboniferous, and the grounds advanced for this are palseontological as
VI (dl ns stratigraphical. The greater part of this series, the FenesteUa
slialos, coniains a marine fauna presumably con-ectly assigned to the
Middle Carboniferous, but geologists generally* have ignored the fact that
the basal part of the series, known as the Thabo stage, contains plants
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which Zeillcr had long ago compared with Lower Carboniferous forms.
These plants have now been re-examined and their Lower Carboniferous
affinities have been fully confirmed {Qothan and Sahni, Fossil plants from
the Po aeries of Spiti, Records GeoL Surv, Ind.y 1038, LXXII, pp. 195-206).
So far as I know, there is no proved association of the flora and fauna
in one and the same horizon, except that one rolled pebble which contains
a well preserved leaf of Rhacopteria ovata McCoy sp., is said to have been
collected from the Fenestella shales. The source of this pebble being
doubtful, it would be wrong to assert that the flora and fauna co-existed
in the Po series. There is thus no real contradiction between the two
sources of evidence for the simple reason that they refer to distinct horizons
in the series, and the plant evidence has since been supported on other
grounds {Fox. The Oomiivayia st/atem and related formations. Mein. Geol,
Surv. Ind., 1931, L VIIJ, p. 193).

The Upper Gondwanas of India are generally subdivided into the
Kajmahal, Kota, Jabalpur and Umia stages, exposed in widely distant
parts of the country. It is generally assumed that the order in wliich
they are named is based upon the affinities of their floras. This was no
doubt the sequence originally suggtisted and it may be the correct sequence,
but until all the floras have been critically revised the question cannot
be regarded as closed.

Feistmantel had included all the four stages in tlie Jurassic. But
in two cases (the Umia beds in Cutch and the Madras Coast bods) a
conflict has arisen between tlie age as suggested by Feistmantel on the
basis of the flora and that indicated by the marine fauna of associated
beds. In both cases the animals indicate a younger age.

(/) The Umia beds arf» now (lonsidered younger than Jurassic because
they are said t<i bo interstratified with beds containing a marine fauna
liomotaxial with the Wealden. But the flora has never boon revised since
Feistmanters time and all one can say is that so far it has revealed no
characteristic Wealden species. Some further collections still await
examination, and it is possible that the recent discovery of Weichselia
and Matonidium in the neighbouring area of the Idar State {B. Sahni,
1937, Rec. Geol, Surv. Ind., LVI, p. 152 ff.) may be extended into Cutch.
However, till the flora and fauna have been equally well explored it

would be wrong to assort that there is any conflict of evidence.

{g) In the East Coast Gondwanas Dr. L. F. Spath claims to have
discovered Lower Cretaceous armnonites and ho suggests that the associated
plant beds must be of a similar age. In doing this ho revives a hint
thrown out long ago {Manual, Geol. of India, 2r^ ed., 1893, p. 208) that
not only the Madras bods but oven the Rajmahals may be younger than
flurassic. I do not know if Dr, Spath’s evidence is of a conclusive nature,
but no palioobotanist would contest it unless ho know that the flora con-
tains a sufliciont number of loading Jurassic fonns, which is not the
case. As the flora still needs a critical revision, it would bo rash to assert

that there is any real discrepancy.
Bub however Justified Dr. Spath may bo in reforring the Madras

coast gondwanas to the Lower Cretaceous there is certainly no ground
for doing the same with the Rajmahal flora. This flora is now too well

known, and contains too many forms directly comparable with Jui'ossio

ones in other parts of the world, to admit of its being classed as Cretaceous.

One cannot say the same of the Jabalpur bods of which the flora is not so

well known and which also Dr. Spath refers to the Cretaceous. If, how-
ever, the Rajmahal flora is seriously regarded as Cretaceous then here,

at last, we have a real conflict between the testimony of the plants and
that of the animals. But is it safe to apply conclusions based upon the

imperfectly known fauna of one region to the well known flora of another
situated over a thousand miles away ?

Sources of Error.—These few examples may suffice to show that the

supposed discrepancies are in most cases due to our own mistakes. The
sources of error are familiar to us all:. imperfect collecting; wrong deter*

11
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mination of species (often due to poorly preserved material); coUeotiona
from mixed horizons being considered as one flora or fauna; conclusions

drawn from one area or geological horizon being extended to distant areas

or strata whose relations are not fully known; homocomorphic forms being^

considered as identical.

The responsibility of some of these sources of error is clearly

established. Schmalhausen’s supposed Murafiora Busslands' was a mixed
assemblage from strata ranging in age from Palaeozoic to Jurassic. We
can scarcely say even today that wo have completely got over the effect

of this classical blunder. In the Po series there is no actual association of
Lower and Middle Carboniferous forms, yet the age of the series as a
whole was assessed solely on the preponderating fossil element, namely
the marine animals in the Fenestella shales, in disregard of the flora

in the basal part of the series.

Agreement as to what constitutes a ‘species’ is difficult enough to

achieve in dealing with living forms; with fossil material it must be even
more difficult. For stratigraphical purposes a narrower cpncept of
‘species’ is preferable to the wider. The use of comprehensive species

ranging in their different component forms through a long geological

period tends to prevent a classification of strata into chronological zones
or ecological facies.

For a long time it has been commonly believed that marine animals
are a better index of age than land plants, and the reasons for this view
are well known. It is true that in several formations, e.g. the Jurassic,

the flora appears more or less uniform through a long range of time whereas
the same interval elsewhere is minutely zoned by marine animals. But
it is important to enquire how far this fact is due to the inherent unfitness

of plants as zone fossils and how far to our own lack of critical knowledge
of tho diagnostic features of plant-remains. At least so far as the
Carboniferous is concerned the work of the Hoorlen Congress has given
ample proof of the value of plant remains in a zonal classification of rocks.

Indeed, in a recent paper Professor Jongmaus, to whom most of tho credit

for organizing this work is due, has even expressed the view that plants
may sometimes afford a more satisfactory basis for correlation than marine
animals {Jongmans. Paloeohot. llnters. i. Oestert'. Karhon. Berg- n. Hutt.
MonatsJieJte, 1938 Bd, 86 Heft 5, p. 97).

The fragmentary nature of plant-remains has frequently been urged
against their employment in stratigraphy. But I venturis to suggest
that this very drawback places the student of fossil plants in a position of
vantage over the pala^ozoologist. My point is that for each true species
of large plants, such as a fern, cycad or conifer the palajobotanist often has
two or three, sometimes four or five, artificial species to serve him as
stratigraphical guides.

The fragments may be difficult to piece together and we may be a
long way from gaining a picture of the plant life of the period. But here
we are not concerned with that aspect. So long as we know the fragments
specifically, each of them will have the same age value as the complete plant.
Q’o the stratigrapher it matters little whether a Olosaopteris frond belonged
to a Vertehraria, a Ptilophyllum to a Williamaonia or a certain Sphenopteria
to a Lygmodendron or a Lagenoatorm. To him any definitely recognizable
fra^ent known to characterize a bed is a stratigraphical index regardless
of its botanical affinities, although of course a knowledge of its affinities

may bo, and often is, an additional help.
The great thing is that we must know our fragments, and it is in this

direction that modem palseobotany has recorded some of its most striking
advances, particularly in the study of outicles and of spores, both ofwhich,
I believe, are destined to rank among the most valuable aids to chronology.
As I said elsewhere this morning {Prea. addr. botany section, Proc. 26th
Ind. Sci. Congr., 1938) the facility with which spores travel across space
invests them with special importance as zone fossils: whether of local
origin or blown from afar they are equally useful as age indicators. Many
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strata once regarded as unfossiliferous are already yielding valuable
stratigraphical material under the microscope. The future of micro-
pialDeobotemy as an aid to stratigraphy is thus fully assured.

2. Mb. D. N. Wadia, Calcutta.

Instances of discrepant testimony of plant and animal fossils in the
correlation of Indian formations are :

—

() The Po series of Spiti Himalayas—fossil fern like plants of Lower
Carboniferous (Culm) age associated with a marine fauna of Middle
Carboniferous age.

() The Agglomeratic Slate series of Kashmir—a Productid fauna,
earlier than that of the Lower Productus Limestone, along with species of
Oangamopterifi and Qlomopteria whose affinities may be with the Permian
(Damuda) of East India.

(c) The Gondwanas of the East Coast—containing ammonites,
described as of Upper Neocomian age, side by side with a fossil flora whose
Middle Jurassic affinities are insisted upon by many observers, on the
ground of its stratigraphic position as well as on the evidence of associated
fish and reptilian remains.

(d) The Deccan Inter-trappean beds—containing a flora with a
preponderance of Palms, (along with fossil fishes), indicating Eocene
affinities, in the lower part of the traps of Nagpur, while the abundance
of reptiles in the conformably underlying infra-trappean beds (Lametas)
of adjoining localities indicates a Cretaceous age ; the latter occurrence
is in keeping with the Wealdon flora {Matonidium, Weichaelia) of the Idar
sandstones forming the floor ol the Lameta-Trap succession.

These discrepancies, except in the case of (3), it must be admitted,
are of comparatively minor significance and can probably all be accounted
for by the accidents of collecting of the fossils, the varying conditions
of sedimentation, bad preservation, etc. There is also the important
consideration of a lag in the rate ot evolution of plant and animals in

distant quarters of the earth and the possibility of the association of
a Middle Jurassic land flora with a Lower Cretaceous marine fauna in some
secluded and barricaded terrestrial area. Stratigraphic data, carefully

collected in the field, should be given prime importance in dealing with
cases of discrepant testimony of plant and animal fossils in a stage or

series.

3. Db. M. R. Sahni, Calcutta.

Are there discrepancies between the evidence of plant and
animal fossils ?

Absolute synchronism between the minor subdivisions of the geological

scale cannot always be expected in the case of strata in widely separated
regions, but whenever fossils have been rehably identified, the palaso-

botanical and palaeozoological data mutually support, and do not conflict

with, each other. At any rate the discrepancy is not greater than some-
times exists in the case of certain formations correlated on the basis of
animal or plant fossils alone. For example, according to Dr. Spath
{Meddelelser om Qrordand, LXXXIII, p, 79, 1930)---

‘It is even possible that the Ophiceras layer of Pastannah in

Kashmir is not synchronous with the zone of Ophiceras tibeticum at

Painkhanda, for the commonest ammonite of the tibeticum zone of
the Himalayas was very rare in Kashmir.’

And yet the S3mchronism of the Ophiceras beds in different regions is

accepted. The discrepancy here is, I think, easy to explain ifwe remember
that we may be correlating younger with relatively older horizons within

the same zone or vice versa* A zone may be represented by twenty feet of
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strata in one locality and only two in another. Even making allowance
for the assumption that the rate of depositon may be slower in some
than in other regions, wo can hardly assert that the two feet of strata in

one locality span an equal period of time as the twenty feet in another,

in spite of the presence of the same zonal fossil in both.

Thus the Ophiceraa bods of one area may, but need not necessarily,

bo absolutely synchronous with tho Ophiceras beds of another area.

To give an instance of even more serious conflict, the equivalents of
the Namyau series, which have been regarded as Upper Jurassic on palaeon-

tological evidence by various writers, including the present {Rec, Geol,

Surv, Ind.f 71, Pi, 2, pp. 217-230, 1936), are assigned, likewise on
palaeontological evidence, to the Upper Trias by the French geologists in

Indo-China {M. Fromaget : Bull, Surv, Qeol, IndocoMne, XVIII, Faso, 6,

pp, 19-20, 30, 1929), The discrepancy covers practically a whole system.

It is in my opinion tho result of misidentification of fossils and of insuffi-

cient evidence. Yet, in fairness to the palaeontological record, it must
be said that where such evidence is complete, the faunas are remarkably
similar, even in distant regions. I think no more striking instance could
be cited than that of the Calceola mndalina zone faunas of Eiel and
Fadaukpin (Northern Shan States) which, separated by 90° of longitude

and 36° of latitude, are miquostionably identical. This is due to the
fact that the faunas in those regions are exceptionally well-preserved,

prolifle and therefore reliably identifiable. Undoubtedly palseobotanists

can cite similar instances in their plant record.

The conclusion is that tho existing discrepancies are not inherent in

the available evidence but are duo to the imperfection of the geological

and palffiontological or palseobotanical record or to the interpretation

thereof. They are based upon premises and determinations which
cannot always be accepted without reserve, and 1 shall endeavour to

illustrate this with reference to three important Indian formations—the
Deccan Trap, the Gondwana rocks and the Po series.

1. The Deccan Tbap.

In dealing with the Deccan traps many of tho arguments advanced
in favour of their Tertiary, or against their Cretaceous age, will necessarily

have to be reiterated, but I shall hope to do so from a slightly different

angle to the arguments generally advanced.

PalcBontological evidence in favour of a Cretaceous age examined,

(a) Physa {Bullinus) prinsepii ,

—

An important factor in assigning a Cretaceous age to tho traps is

the occurrence of a supposed Physa {Bullinus) prinsepii in the Cretaceous
rocks of Baluchistan, it being the leading fossil of the intertrappean bods
in the Deccan. My brother Prof. B. Salmi, attaches little importance to
the evidence of this fossil from Balucliistan {Proc, 24th Ind. Sc, Congress,
General Discussion, The age of the Deccan Trap, p, 466, 1937), Although
I am in agreement with him in his conclusion, my reasons for doing so
are different.

This is the only record of this species in Cretaceous strata, and has
been used by Sir Thomas Holland in favour of the Cretaceous-age-theory
for tho traps. He writes

:

‘There can be very little doubt that the intertrappeans as a
whole are Cretaceous, and this is very greatly strengthened by the
occurrence of Bullinus prinsepii in the Mssstrichtian of Baluchistan*.
{Mem, Qeol, Surv, Ind,, LI, p, 88, 1926),

In reading the account of the circumstances under which the
Baluchistan specimens were recorded, I feel convinced that their identifica-
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tion by Vredenburg {Rec. GeoL Surv, Ind„ XXXV, pp. 114-118, 1907) is
extremely doubtful.

This fossil was collected by Noetling, yet Noetling himself does not
mention this unportant occurrence in two accounts which he wrote of the
stratigraphy and palajontology of the Des Valley, whence the supposed
Bidlinus was reported to have been collected (O'cn. Rept., GeoL Surv. Ind.
for 1898-1899, pp, 51—63, and Centralblatt fur Min, GeoL und Pal,, for
1903), Noetling gave lists (incomplete according to Vredenburg) of the
fossils collected by him, and it would indeed bo remarkable if the most
important fossil had escaped Noetling’s critical eye. Furthermore,
Vredenburg remarks upon the small size of the spocimons from Baluchistan,
as compared with the normal type found in the intertrappeans. Nor does
Vredenburg figure this important find, and all my efforts to trace the speci-
mens in our Museum collections have been futile, although other spocimons
from this locality wore registered and may be seen in the Geological
Survey collections.

In the circumstances I think that this identification cannot bo accepted
and the occurrence of an undoubted BuUinus prinsepii of the intertrappean
beds, in Cretaceous strata, has yet to be demonstrated. The specimens
from Baluchist.an may belong to some diminutive species of BuUinua or
to some closely allied genus.

An important argument in favour of the Cretaceous ago of the trap,
therefore, falls to the ground. At the same time the value of the associa-
tion of this species with Tertiary plants is enhanced, thus obviating the
supposed discrepancy.

(6) Cardita hmumonti ,

—

We may now examine the evidence of another important fossil,

Cardita beaumonti. This fossil occurs interstratified with the lava flows
of Sind. The Cretaceous age of the main Deccan Trap was based on an
unwarranted assumption, that the Sind traps rt^present the youngest and
not the oldest flows. Moreover, there is still doubt whether this supposed
flow is not in fact a sill. Since the Cardita beaumonti beds rest both
above and below the trap (?) it was assumed that the whole of the Deccan
trap must be of Cretaceous age. This assumption is undoubtedly
influenced by the fact that these beds are overlain by Eocene rocks. Sir
Thomas Holland {Mem, Oeol, Surv, Ind,, LI, p, 64, 1926) states on the
authority of Vredenburg {Rec, GeoL Surv, Ind,, XXXV, 180, 181, 186,
1908) that

‘In geological age the Deccan traps range from soon after the
formation of the Lametas (c/, C, A, Matley, Rec, GeoL Surv, Ind,,
LIII, p. 162, 1921) of about Cenomanian to Aptian ago up to the ontl

of the Cretaceous epoch, basalt flows in Sind being found between the
Cardita beaumonti bods of Maestrichtian ago and below Lower Eocene
beds.*

It should be borne in mind that a fossil gives the age of the containing
bed only, not of what lies above or below it, or in other areas. Therefore
if we can bo sure of one thing, it is that the trap in Sind (assuming that

it is not a sill) is of Danian and pre-Kanikot ago, but it does not enable

us to establish its position with reference to the main trap of Central
India, that is, whether it is contemporaneous with the oldest or youngest
flows of the latter. Moreover Cardita beaumonti Ims not been found
associated with any fossils, plant or animal, which are confined to the

Tertiary, We can therefore state that just as the associalion of Phyea
(BuUinus) prinsepii with a Cretaceous fauna has not been demonstrated so

also the occurrence of a definitely and exclusively Tertiary fauna or flora

with Cardita beaumonti has not been established. The evidence of Cardita

beaumonti does not therefore prove a discrepancy. But palsBobotanists

will have to admit that volcanic activity, as pointed out by Prof. L. Bama
Rao {Proc, Ind. Acad. Sc,, IV, No. 3; Sec. B, p. 219, 1936), had already
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begun in independent centres, in Western Sind and Bajabmundry, about
the close of Cretaceous times.

The foregoing arguments may, however, be regarded as more or less

negative evidence. But Hislop has, in no mistakable terms, expressed

his opinion in regard to the age of the intertrappean fauna, both vertebrate

invertebrate, as well as the flora. He compares certain intertrappean

fossils with those from the Nummulitics of Western India, and species of

Turritella, NcUicat Phyaa^ Vicarya and Cerithivm wih those from the

Eocene deposits of Europe. //, thm^ we accept his concluaiona, the occur-

rence in the aame bed of the apeciea Phyaa (Bullmua) prinsepii, Paludina
normalia and the planta Chora malcolmaonii and C. elliptica, pointed out by
Hialop (Q,J,G,8„ XVI

^

p. 166^ 1860) obvioualy discredit any idea of con-

flict between the plant and animal evidence. Had we found Chma or

Nipaditea or a profusion of palm-wood in beds interstratified with the

Cardita beaumonti beds, there would be evidence of conflict between the

plant and animal evidence, but as far as I know, no such record has been
found.

It is true, W. T. Blanford remarks that

‘there are some strong resemblances between some of the fossils

of the Rajahmundry intertrappeans and those of the Cretaceous beds
of Trichinopoly.* {Mem, Qeol. Surv, Jnd,, VI, p, 24 (— 160), 1867),

But the phrase ‘strong resemblances’ does not seem convincing to

the writer who has not seen any systematic comparisons of species by
Blanford, which Hislop has given in detail. The same importance cannot
therefore be attached to Blanford’s opinion as to Hislop’s. Unfortunately
when Hislop wrote, the fauna of the Cretaceous of South India had not
yet been described {Blanford, loc. ett, footnote, p. 24) and Hislop himself
jfias not been able to express an opinion on Blanford’s comparisons referred

to previously.

The evidence of the two leading animal fossils and of the other fauna,
therefore, does not conflict with that of the fossil plants. Indeed, the
evidence of one of these, B. prinaepii even supports that of the flora, for

it is one of the commonest fossils associated with the intertrappean plants
of known Tertiary age.

Geological, not palaeontological, arguments mainly responsible for
supposed discrepancies:

Discordance between the Trap and the Infratrappeans .—The purely
stratigraphieal evidence brought forward by W. T. Blanford {Mem, Geol.
Surv, Ind., VJ, pt, 1, Chap, V, p, 51, 1869) in support of a Cretaceous age
for the Deccan trap is that there is no great break between these and the
underlying formations. King {Mem, Geol, Surv. Jnd., XVI, p. 52, 1880)
expresses himself in similar terms

:

‘ the traps do not appear to be disassociated from the Infratrappean
beds to such an extent of unconformity as the supposedly
Upper Eocene age ofthe intertrappean beds would require.’

While it may be true that the discordance in dip between the two formations
is not great, in the face of the plant and animal fossil evidence it can
hardly be suggested that the traps are Cretaceous. It may well prove or,
at least, lead us to suspect that the age of the Bagh beds is probably
younger than we are accustomed to assign to them. Indeed certain fossil
specimens from the Bagh beds, kindly given to me for identification by
Mr. P. N. Mukherji, do indicate a higher horizon for them. Amongst these
are Proiocardiumpondicherrienae D’Orb. Cardium {Trachycardium) incomp-
turn (Sow.), Macrocalliata acuLpturata (Stoliezka) and Turritella {Zaria)
mtdtiatriata, which are characteristic of the Upper Cretaceous of Southern
India. On their evidence the Bagh beds may range well into the Upper
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Cretaceous instead of being referred only to the lower part of the Upper
Cretaceous, as thought hitherto. In further support of this I may mention

Huene and Matley assign an Upper Cretaceous age to the Lametas
(fossiliferous sedimentary type), which are supposed to be the terrestrial
equivalent of the Bagh beds.

In this way it has been possible to reconcile the absence of a major die-
aordance with the fossil evidence and thuSt at the same time, the supposed gulf
between the plant and animal evidence is bridged.

In passing I may mention a fact of great importance, namely, that
the Bagh species just referred to are characteristic of the South Indian
Cretaceous. It may therefore well be that the land mass which is supposed
to have separated the South Indian Cretaceous sea from the Bagh sea was
not a permanent feature during the Cretaceous period, and that it was
submerged during periods of marine transgressions. As more fossil

evidence accumulates, greater affinity between the faunas of the two
regions will, in my opmion, become evident.

The geological argument has been used again by Blanford {Mem.
Geol. Surv, Ind., VI, p. 22 {^ 158) 18G7) in the case of the traps at Surat.
He states

:

‘the lower eocene beds of Surat rest quite imconformably upon
the traps, and there is clear evidence of an enormous amount of
denudation of the latter both before and during the deposition of the
Nummulitic sea.*

It is apparent that this argument cannot be treated as establishing
the Cretaceous age of the main trap. It only proves that the trap at
Surat is pro-nurnmulitic, but it does not prove that the whole of the Deccan
trap is likewise pre-nummulitic.

In the case of the intertrappeans of Kajahmundry Messrs. S. R. N.
Rao and K. S. Rao (J?ec, Oeol. Surv. Ind., 11, Pt. 4, p. 391, 1937) find that

‘ Typical cretaceous forms like Pseudotextularia, Oumhehna and Olobi-

gerina crelacea are either very rare or altogether absent. On the
other hand forms like Orbitoidea3 and Nunmiulites typical of the
wann seas of the Eocene age are also absent. According to data
now available the evidence of the forminifera seems to be in favour of
using the name Palseocene.’

Treating the Rajahmxmdry trap as constituting an independent
centre of vulcanicity, and without assuming that they are the youngest
and not the oldest traps, the fossil evidence of their iiitertrappean beds
does not in any way conflict with the paleeobotanical evidence.

Direct animal fossil evidence supports plant evidence.

Conclusions of Hislop, Snnth-Woodward and others.—From the fore-

going one may conclude that wherever the fossil evidence is reliable or

sufficient, the plant and animal evidence support each other. The
palieontological work ofHislop, Smith-Woodward {Pal. Ind., N.S., Vol. Ill,

1908) and others is confirmed by the palasobotanical work published in

recent years, wffich in itself discredits any idea of discrepancy. Dis-

crepancies have arisen where attempts have been made to draw conclusions

from purely geological considerations.

II. Thb Gondwana Rocks.

The evidence of vertebrate and plant fossils.

The MaUri stage.
—^There is apparently a serious discrepancy between

the evidence of plant and animal fossils in regard to the age of the Maleri

stage, for the vertebrate fa\ma consisting of Parasuchus, Hyperodetpedon,
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Belodon, etc. indicates Triassic affinities, where€is the plant remains,

supposed to have been collected from the same horizon, indicate an
Upper Gondwana age. But there has always been considerable doubt
whether in fact the vertebrate and plant fossils were foimd in the same
horizon.

Professor B. Sahni wrote:

—

‘It is important to ascertain beyond doubt the source of these

plants, for if they were really from the Maleri beds, this fact would
constitute the strongest evidence for a post-Triassic age’. {General

Report for 1928, Rec. Oeol, Surv. Ind., LXII, p. 28, 1929.)

Later Dr. C. S. Fox remarked that

—

‘If we remember that the correct horizon of the plant fossils

from Chirakunt and Naogaon in the Jamgaon Valley has not been
satisfactorily settled (although King’s map suggests a Maleri horizon),

it is evidently true that .plant fossils have not been found on the
same horizon (rod clays) as the reptilian remains of Maleri’. {Mem.
Geol. Surv. Ind., LVIII, pp. 155-156, 1931.)

From the imcertainty attaching to the horizon of the plant fossils

it is clear that their evidence should not be treated as creating a dis-

crepancy. I consider that the evidence of the vertebrates is conclusive

in the present instance, and that the plants probably come from a higher
Upper Gk>ndwana horizon. In any case fossil records concerning which
there is obvious doubt should not be regarded as evidence of discrepancy.

The Upper Gondwanas of the East Coast, etc .—A much more serious

position has arisen in rogai’d to the ago of the Upper Gondwanas in view
of Dr. Spath’s identification of certain cephalopods foimd in the Upper
Gondwanas of the East Coast. Those formations which, on the basis of
their plant remains, were hitherto assigned to the Jurassic, are now assigned
to the Lower Cretaceous on the evidence of the cephaloyjods.

Dr. Spath has not confined his views as to ago to those, but has
extended them to include tho Gondwana rocks of other areas. He
writes :

—

‘Moreover, there does not seem to be any essential difterence

between tho faunas of the lowest Budavada bods (Rajmahal Group)
and those of the Ragavapuram shales or Sripermatur group of the
Middle (Kota) series. That is to say tho marine bands in these two
series of the Upper Gondwanas, whether in the Godavori District or
near Madras, arc already of Upper Neocomian ago and the correlation
of the still higher Tripotty and Jabbalpur series with the Umia group
of Kachh is thus altogether erroneous’. {Pal Ind., N.S., Vol. IX,
Mem. No. 2, p. 827, 1933).

The age of the other Upper Gondwana rocks, according to Dr. Spath,
must be raised, likewise, to at least Lower Cretaceous. Yot on the basis
of the plant fossils these have been assigned to some horizon or other of
the Jurassic. Not only that, Dr. Cotter {Rec. Oeol. Surv. Ind., XLVIII^
p. 27, 1917) states

—

‘The age of the Kota deposits is not in dispute. It is generally
admitted that the flora is later than that of the Rajmahal stage, but
older than the Jabbalpur. The fish remains of Kota point to an age
not earlier than Lias. The marine fossils found together with a Kota
flora at Ragavapuram {Macrocephalites, Trigonia interkevigata) point
to a Lower Oolite age.*

There is thus conflict not only between the recent palssozoological
evidence and plant evidence, but edso between the paleontological evidence
as put forward by Dr. Spath and Dr. Cotter. The only conclusion that
can be drawn is that we are either dealing with heterochronous formations
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or that some of the determinations must be provisional. The Hera of the
Fast Coast Gondwanas is admittedly small, and I do not know how far
it can be compared with the Upper Gondwana floras of other areas.
Similarly the cephalopods identified by Dr. Spath aro either new species
or poorly preserved and not easily determinable forms, but I am not
using that as an ar^iuent against their Cretaceous age. Their probable
Cretaceous age had in fact been postulated long ago by Stoliezka from an
examination of certain ammonites (Pal. hid. Ser. IX, Vol. J, 1875, p. 236;
see also Pal. Ind. Ser. II, Vol. I, p. 223, 1880). Tlieir evidence, however,
is directly opposed to the evidence of the Macrocephaliies and Trigonia
irUerlcev'igata identified by Dr. Cotter which, as already stated, are
Jurassic forms.

Recently the writer, during the course of examination of the marine
Jurassic of the East C(»ast Gondwanas, has come acr<jss one or two,speci-
mens which, as far as their state of preservation pennits, must be referred
to the genus Rectithyris Salmi. In Europe this genus is confined to the
Cenomanian and occurs doubtfully also in the Turonian. It is found in

the South Indian Cretaceous at the same horizon, viz. Cenomanian, as in

Europe. While it is not suggested that the East-coast Gondwanas are
so high up in the sequence, the occurrence of the genus Rectithyris is

significant. The absence of other South Indian Cretaceous types in this

area is an anomaly which may probably bo explained upon a difierence

in the horizons of the beds containing the Rectithyris in the two areas.

In view of the foregoing I can only say that a thorough revision of tho
Gondwana floras and of the faunas of their marme bands is called for

before we can definitely prove any semblance of conflict between tho plant
and animal evidence. It is obvious that the Upper Gondwana system is a
composite of hetorochronous formations, that there aro many faunal and
palajobotanical gaps in the sequence, and that tho main responsibility for

the conflict of evidence rests on these breaks, physical and physiological.

Tho responsibility therc'fore rests not upon tho fossils, plant or animal,
but upon the imperfection of the geological or [>al2Contological record or in

its interpretation. With greater and more reliable evidence, tho gulf

that apparently separates plant and animal evidence will bo, in the writer’s

opinion, bridged over.

III. Thk Po 8ekies.

Apparent discrepancy .—In tho case of tho Po series again tho dis-

crepancy is due not to differences between the evidence of plant and
animal fossils, but to two imfortunato circumstances, namely (a) an
inadvoi’tent mixing up of two fossil collections from different horizons
resulting in incorrect correlation, and {b) assigning to Protorefepora ampla
a much more restricted horizon than actually is the case.

The part of tho succession in Sipti with which wo are immediately
concerned is as follows :

—

Penestella shales with Protoretepora ampla
Thabo stage
Syringothyris Limestone . . Lower Carboniferous.

Po series

Although higher Permo-Carboniferous beds have been found, they
do not contain Protoretepora ampla as in Kashmir, and this has an important
bearing on the subject, as we shall see later.

The lower division of the Po series (Thabo stage) contains plant

remains, Rhacopteria ovata, Sphenopteria sp., Sphenopteridium furciUatvm
Ludwig sp., etc. and was provisionally referred by Zeiller (Mem, Qeol,

Surv, Ind,, XXXVI, p, 47, 1904) to the Lower Carboniferous. Recently
Gothon and B. Sahni (Bee. Oeol, Surv, Ind., 72, Pt, 2, pp. 202-203, 1937)

have confirmed the probable uppermost Lower Carboniferous ago of this

sub-division, after a further examination of these plant remains.

In reading through literature dealing with the Po series and related

formations, an important fact, which has apparently been completely lost
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Bight of, has emerged. It would appear that a younger age was assigned

to the Po series on a palaeontological correlation based on data which are

manifestly incorrect, being due, as explained below, to an unfortunate

mixing up of two faunas from entirely distinct horizons.

To understand this one must follow the complete succession of

Palaeozoic rocks at Zewan, in Kashmir:

Permian

Permo-Carboniferous

Upper Carboniferous

Middle Carboniferous
Lower Carboniferous

Protoretepora ampla beds more Zewan
series.

Gangamopteris beds.

C Panjal trap.

\ Agglomeratic Slate.

Fenesteliashaleswith doubtful Protoretepora,

Syringothyris limestone.

The admixture referred to was between the Protoretepora ampla
fauna (Zewan stage) and the Fenestelia shales of the Middle Carboniferous.

The result was that the Fenestelia shales of Spiti {vide supra) were correlated

with the Protoretepora ampla beds (Permian) rather than with the true

Fenestelia shales (Middle Carboniferous), to which they correspond. As a
consequence, a higher horizon was assigned to the Po series, including the

Rkacopteris flora. 1 quote from Hayden {Rec, GeoL Surv. Ind,, XL,
PL 3,p. 26U 1910):—

‘ This correlation was based on a description by Professor Dienor
of certain fossil supposed to have been collected in beds of the Zewan
stage, but Mr. Middleraiss has shown that they were a mixed lot

derived partly from his Fenestelia shales and partly from the true

Zewan stage.*

Diener himself wrote {Pal, Jnd,, N,S,t Vol. V, Mem, No, 2, p. 106^

1915):—
‘The main mass of the Zewan beds, especially the zone of Proto-

retepora afupla, was even correlated by Hayden, directly with the
Fenestelia series of Spiti. This correlation which was based chiefly

on the predominance of European Carboniferous types in Lydekkor’s
collections, falls to the ground since the distinctness of the two
faunas in Lydekker’s fossil material lias boon brought to light by the
geological rosoarches of C. S. Middlomiss.’

Middleraiss himself correlated tho whole of the Po series with the
Fenestelia shales of Kashmii* on

‘lithological, stratigraphical and on palaeontological grounds’ {Mem,
Oeol, Nurv, hid., XL, Pt. 3, p, 225, 1910),

apparently without taking into account the plant fossils.

Another factor which is responsible for the correlation of the
Fenestelia horizon of Spiti with the Protoretepora ampla beds (Permian)
of Kashmir is that the former also contains this well known species,

although the remaining fauna indicates a Middle Carboniferous age.
Indeed doubtful Protoretepora occurs in tho Fenestelia shales proper of
Kashmir and may possibly indicate that even in Kashmir Protoretepora
ampla docs not mark a very restricted horizon, but we cannot be sure of
this till tho doubtful Protoretepora has been specifically identified.

The Po series as pointed out by Hayden {Rec. Geol, Surv. Ind,, XL,
PL 3, p, 262, 1910) was-—

‘ only very cursorily examined by the late Dr. Krafft and myself euid
may comprise fossiliferous horizons not yet found.*

Indeed tho inference is that the Protoretepora ampla horizon of Kashmir,
corresponding to the Zewan stage, is probably present also in the Spiti
area, but has not so far been discovered.

The evidence of the fauna therefore points to one conclusion : that the
original correlation was incorrect and that the Fenestelia shales of Kashmir
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correspond to the Feneatella shales of Spiti of Middle Carboniferous age,
but not to the whole of the Po aeries, as suggested by Middlemiss.

The position then is that beds containing Rhacopteris are underlain
by the Syringothyris limestone of Lower Carboniferous age {vide supra)
and overlain by the Penestella shales containing a Middle Carboniferous
fauna. They must therefore be regarded as passage beds between the
Lower and Middle Carboniferous. On the evidence of plants it is stated
{Oothan and B, Sahni, loc. cit,, p» 202) that

—

‘In Europe they would be assigned most probably to the Vis^
(upjier part of the Lower Carboniferous).’

It is obvious that exact correlation between the minor stratigraphical
subdivisions in widely separated regions cannot always bo possible

—

even in the case of the marine faunas. In this connection the conflicting
faimal evidence of another formation, the Zebingyi beds, is instructive
and one may draw attention to it before reverting to a consideration of
the Rhacopteris flora. In the Zebingyi passage beds of the Shan States
we find both Tentaculites elegans, which in Europe is of definitely Devonian
age, and certain graptolito species which are definitely Silurian. La
Touche adopts what he calls the ‘grajitolite convention’, which practically
means that whatever the evidence of the other fauna, whore Silurian
graptolites occur the beds must be of Silurian age. {Mem. Geol. Surv.
Ind.y XXXIX, p. 178, 1913.)

Although the two cases are not altogether parallel, it is possible that
the Thalx) stage marks a position very similar (excluding the difference

in age) to that of the Zebingyi bods, and if the Rhacopteris flora is Upper-
most Lower (’arboniftu’ous in Europe, it could possibly be treated as a
passage flora in India. This position practically bridges the gulf between
the evidence of plant and animal fossils. It would be of interest to know
what the evidence of such occurrences in the intervening regions between
India and Europe would indicate, but apparently no such occurrence has
been recorded.

Once more we come to the same conclusion, that such discrepancies

as appear to exist are duo to doubtful identifications (as in the case of
the supposed Physa {Bullimis) jjrimepii from the Cretaceous rocks of

Beluchistan or to lack of adequate or properly collected material (as in

the cose of the aforeineutioneti mixing of faunas from distinct horizons)
or to drawing conclusions from purely stratigraphical data unsupported
by fossil evidence, as in the case of the absence of a major discordance
between the Bagh beds and the Deccan traps.

I am, therefore, of opinion that whore reliable fossil evidence, whether
plant or animal, is available, it should bo accepted without reserve, and
where the evidence is conflicting, a thorough re-examination of the fauna
(or flora) is called for. It has been found that where discrepancies occur
between the evidence or plant and animal fossils, the fossil data are in-

variably unreliable.

Do faunas and floras evolve at different rates ?

It has been suggested that under certain circumstances plants and
marine animals may evolve at different rates—^that marine organisms,
owing to the uniformity of the environment under which they live, evolve

more rapidly than terrestrial plants and that, as a consequence, newer
marine types may be associated with older types of floras. While the
aasociation of a more modem fauna with one or two older types of plant

fossils (or vice versa) may be possible on account of inherent tendencies

which do not favour change among such persistent types, I do not think

that a large scale occurrence of newer and older types of representatives

of the two kingdoms has been established. The main thing to remember
is that the conditions of preservation in the two great groups are entimly

different, and that the apparent discrepancies may be due to imperfections
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of the plant record. It is an admitted fact that if there is such a dis-

crepancy in the case of the East Coast Gondwanas, where Lower Cretaceous

marine types appear to be associated with Jurassic plants, the flora and
even the faima of these beds is far from well-known.

The conclusion then is that in all such cases of discrepancies a thorough
revision of the faunas and floras is called for.

In the end the suggestion may be ventured that the geological section

of the Science Congress would do a useful thing ifthey would form ‘working
committees ’ to take up the investigation of such crucial problems in hand
and report on them at their meetings. Without a close collaboration

between pala^obotaniats and palaeontologists the presentation of such
problems is likely to be one-sided.

4. Dn. T. W. Stanton, Washington.

I fear that my lifelong dependence on invertebrate fossils as the most
reliable guide in the stratigraphy and correlation of Mesozoic formations
would disqualify me as an unbiased judge of the question involved in

the discussion.

No stratigraphor of this day, I believe, will question the statement that
the most nearly complete stratigraphic record is found in marine sediments
and that in general the succession of marine invertebrate faunas is fairly

well determined. Continental sedimentary formations with their land
floras, their vertebrate faunas, and their non-marine invertebrates must
be interpolated in the marine sedimentary column by observation of the
actual stratigraphic succession, where that is possible, and by interpretation

of every available bit of structural, stratigraphic, and paleontologic
evidence.

The title of the discussion raises the question whether the reported
discrepancies between the testimony of plants and animals are real or only
based upon erroneous determinations of species or erroneous estimates
of their age values. 1 should say that it is most probable that some of the
discrepancies are real. Land plants, terrestrial vertebrates, and marine
inveitebratos live imder very different conditions and vary greatly in

their ability to migrate quickly when living conditions change, or to

adapt themselves to changing conditions without migrating. Changes
that would seriously affect the environment of one of these classes might
not gmatly alter living conditions for other classes in tho same area. It

would be remarkable if the chapters in the history of land plants should
exactly coincide in their beginnings and their endings with the chapters
in the history of marine animals or oven of the Imid animals of the same
region.

The evidence seems to indicate that modem types wore introduced
somewhat earlier among plants than among animals. For this reaison,

in America at least, boimdaries between systems and other major geologic
divisions when based on the evidence of fossil plants are often placed
somewhat lower than the faunal evidence would indicate. My lamented
friend David White in discussing Permian floras {Pan-Pacific CongresHy
Australiay Proc,y 1923 (1924), vol. 2, p. 1038, 1926) speaks of the * frequently
remarked tendency to greater precocity on the part ofthe flora as compared
with the fauna ’. On tho evidence ofthe flora he placed the lower boundary
of the Permian in the Mid-Continent field several hundred feet lower
than it had been drawn by others on faunal evidence.

While it may bo tme, as I have suggested, that there are inherent
divergences in rate of development and other pertinent features that tend
to prevent perfect agreement in age determinations based on different
classes of fossils, T liave no doubt that most of the discrepancies that have
led to so much controversy in the past were caused by the lack of sufficient
facts on which to base a sound judgment. If fossils are to be used in
determining the age of a formation or stratum, the genera and species
must, of course, be correctly identified, their stratigraphic range within
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the area under discussion and elsewhere must bo known, and there must
be no doubt that they actually came from the formation or stratum whose
age is in question.

The voluminous literature on the Cretaceous and Tertiary sedimentary
formation in the Great Plains and Rocky Moimtain areas of the United
States is filled with discussions and controversies on the age of the plant-
bearing and coahbearing formations there widely distributed. The
discussion began nearly 80 years ago when Meek and Hayden announced
the discovery of dicotyledonous leaves in the formation now known as
the Dakota sandstone. They knew that the formation could not be
later than Cretaceous because they had seen a considerable thickness of
marine Cretaceous strata overlying it. Drawings of some of the leaves
were sent to Prof. Oswald Heer in Zurich for his opinion as to their age.
He replied that comparison of the sketches (ho did not have the fossils)

with European fossil plants led him to believe that they were Tertiary
and probably Miocene. Whether the Miocene age of the European
standards of comparison was then well established I do not know, though
I understand that the ‘ Arctic Miocene ’ which later received much
attention has since proved to be in large part older than Miocene. The
stratigraphic position of the Dakota sandstone was so easily demonstrated
that its Cretaceous age was soon universally recognized. According to
geologists who ai’e acquainted with the overlying marine formations and
their marine invertebrate faunas, the Dakota sandstone is not younger
than late Cenomanian, though some paloobotanists Uiink that its fiora

indicates Turonian.
The Laramie problem dates back about 70 years when Hayden’s

Geologic and Geographic Survey of the Territories, King’s Survey of the
Fortieth Parallel, and other exploratory surveys were active in reconnais-
sance studies of the geology of the western half of the United States. It

was found that fields of co^ and lignite are distributed over large parts of
South Dakota, North Dakota, Montana, Wyoming, Colorado, New Mexico,
and Utah and less extensively in Idaho—States with a total area of
nearly 800,000 square miles. Additional great areas of the same coal-

bearing rocks extend into the provinces of Canada adjacent to North
Dakota and Montana.

Distributed over this vast area and through sediments aggregating
many thousands of feet in thickness these coal-bearing rocks naturally

did not form a stratigraphic miit, but they soon came to bo treated practi-

cally as such and were Imown to m€iny as the ‘ great lignitic series ’ or the
Laramie formation. The early paleobotanists, such as Lesquereux,
called them all Eocene, though he recognized slight differences in age in

some of the fields. Other geologists acquainted with limited districts

in which the evidence of earlier age seemed to them clear insisted that

they are all Cretaceous. Neither gmup was right.

Gradually, as more refined stratigraphic and pakeontologic studies,

often accompanied by detailed areal geologic mapping, have been extended
over a large part of the area it has been demonstrated that some of the

coal-bearing rocks in question lie low in the Upper Cretaceous and are

of Turonian or possibly even earlier age ; that others are intercalated at

intervals in the marine Upper Cretaceous column up to its very top as

locally developed ; that higher in the section the Fort Union formation

contains a well-developed somewhat primitive mammalian famia which
the vertebrate paleontologists call Paleocene ; that still higher coal-

bearing rooks include the Coryphodon zone and associated zones with

more highly developed mammalian faunas universally recognized as

early Eocene ; and that non-marine (fresh- and brackish-water) inverte-

brates, when discreetly used, may often serve os effective guides to strati-

graphy and correlation.

In much of the area over which the Laramie was once such an insistent

problem the question of the exact location of the Cretaceous-Eocene

Doundaiy is now oonfilned to a few hundred feet of sediments, and there is
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promise of an early amicable agreement based on asummation of evidence
from all possible sources. When faunas and floras now known in the Upper
Cretaceous and Eocene of the western interior region of the United States

are all fully studied and described and the stratigraphic ranges of the
species accurately recorded. North America will have a dependable paleon*

tologic standard for stratigraphic classiflcation and correlation of this

part of the geologic column that may prove ofworld-wide usefulness.

5. Pbof. T. D. a. Cockbbbll, Boulder (Colorado).

Animals are in general much more complex organisms than plants,

and thus they present more definite structures which may be identified in

fossils, and usually evolve or change more rapidly than plants. Fossil

plants are commonly known by the leaves or stems, the reproductive

structures, as the flowers, being less often preserved. Animals are more
motile than plants, and frequently the fauna of successive strata differ

mainly in the presence of organisms which were actually contemporaneous
with both, but had not reached the locality until the later rocks were
laid down.

We have in Colorado two formations, the Green River Eocene and
the Florissant shales, each containing very many preserved insects.

Although there are some plants which seem to be common to both foima-
tions, or at least not distinguishable from the vegetative parts preserved,

there are, so far as we know, no insects occurring in both. The Florissant

beds are assumed to be Miocene and therefore much younger than the
Green River. One of the main features of the Green River insect fauna
whereby it differs both from that of Florissant, and from that of modern
Colorado, is the presence of numerous prettily marked Fulgoroid
Homoptora, looking like moths. Now such insects aboimd today in the
Indian region. If the present fauna of India wore fossilized and both
it and the Green River beds were viewed from a time in the remote future
an argument might well be made for the view that they wei*e

contemporaneous, though it would be entirely fallacious.

In the Pennsylvanian rocks (Upper Paleozoic) of North America
are numerous plants and insects, the latter mostly cockroaches. The
plants represent a fairly uniform flora but every insect horizon contains
different species. This does not mean that the successive horizons neces-

sarily represent so many successive stages in the evolution of these insects.

It is probable that the differences aro in large part due to migrations.

Whatever the cause, however, the insects are certainly much more delicate

horizon-markers than the plants.

One objection to the use of animals for stratigraphy is that the terres-

trial species, at least, aro not so often preserved, and hence their absence
from the rocks does not mean that they did not exist. It is evident from
the study of insect fossils that the leading modem genera were present
in Eocene times, but frequently they are known by single specimens or
wholly absent from collections made at various places and in various
horizons. The faima as a whole must be used in forming judgments,
and single species or groups of species may be misleading. At Florissant,

the numerous Bombyliid flies are all of extinct genera except two ; but
the Asilidse or robber flies from the same rooks, also numerous, belong
to existing genera. There are many contrasts of this sort.

The rapid evolution of the mammals in Tertiary time is exceptional,
and here we do have clearly discernible evolutionary sequences, often
quite decisive for stratigraphy. But many creatures have become extinct
at periods which can be approximately ascertained, and thus this presence
is of value in determining that rocks are at least no younger than such and
such a date. We can also use for dating purposes the arrival of animals
in a new region, as migrants from Asia to America (such as the elephants)
or from South America to North America (such as t^ sloths).
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6. Prof. Edward W. Berry, Baltimore.

Historically the standard geological time-table was a gradually built
up patchwork of lithologic units or groups of units and usually a long time
elapsed before they received a paleontologic basis. The major divisions
or periods of time were at first the names of what we now call systems of
rooks and geologists were slow to recognize that a system at its type
locality always represented a shorter time than was coimoted by the
period which bore the same name as the system.

Stated another way it was the time breaks in sedimentation which
bounded a system at its type locality which in the first instance enabled
geologists to recognize it as an entity, but which subsequently occasioned
most of our difficulties of correlation, when sediments were discovered in
other regions representing the whole or part of the time that was not
represented by sediments in the region where the name was first applied.

In addition our accepted scheme of geological chronology has certain
handicaps due to the circumstances of birth. Historical or stratigraphical
geology may be said to have passed through its infancy and adolescence
in western Europe and it is certainly not a new thought to contemporary
geologists that if it had grown up on any other continent it would not
only have been a very different scheme taxonomically, but would probably
have been a bettor scheme.

Looking back at the really great achievements of the founders of our
science and without wishing to detract one iota from their well deserved
renown, I ask the rhetoiical questions, would anyone today think of going
to Wales to study Cambrian history or even to the land of the SUures to
get the best notion of Silurian history ? And if the concox>t of a Carboni-
ferous system had grown up in Russia or the Mississippi Valloy would we
not have had a much more logical sequence ? Would there oven have
been a Jurassic system if geology had grown up in the United States ? I
mention these things because it seems to mo that they inevitably point
to what the geology of the Indian empire shows so plainly, namely : that
the syntheses of the so-called geological philosophers, with their cycles
and epicycles of diastrophism €ind their rhythmic orogenies, are fore-

doomed when extended beyond provincial developments in an attempted
world-wide application.

It was inevitable from the days of William Smith that the stratigraphic
invertebrate paleontology would become the international standard,
although most geologists would probably agree to what Lyell phrased
so succinctly, that invertebrates were the hour hand, vertebrates the
minute hand and plants the second hand of the geological clock. Marine
sediments are so much more general in both time and space, are so much
more fa\ curable for the preservation of fossils and in general so much less

liable to be destroyed by erosion, that it is quite futile to hope for a geologi-

cal time-table based on other criteria that will be as useful or as usable.

Since, then, it is the succession ofmarine sediments and their contained
faimas that are the basis of stratigraphic taxonomy, it follows that conti-

nental sediments which are the chief normal depositories of land animals
and land plants will generally occur at the beginning or toward the end
of our standard periods, or in the intervals between the marine sedimenta-

tion of the epicontinental or shelf seeu?.

Most of the controversial questions of stratigraphy have their origin

in these circumstances. I may mention the Ozarkian, Heroynian, Permian,
Bhsstic, Wealden and Laramie as intersystemic problems of this sort, and
there are innumerable ones of lesser magnitude involving formationai

boundaries.

It has been my experience that no group of organisms, either animal
or plant, however conservative they may be, are without stratigraphic

value or are discrepant with other groups. I well remember how useless

for chronology Foraminifera were considered a generation ago, as a result

of the long range broadly considered and variable forms of the Challenger
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monograph. In recent years I imc^ine that commercial companies have
paid more money to students of Foraminifera than to any other
pede^ontologic specialists, whereas the close relatives of the Foraminifera,

the Kadiolaria, are but little used and are suspect, largely because they
are a tool that no one has learned to use with stratigraphic precision.

Diatoms are still considered of slight stratigraphic value but are proving
to be of great value in the hands ofLohman of the U.S. Geological Survey.

Instances of this sort could be multiplied indefinitely. In the hands
of an expert who knows both the words and the music any class of fossils

will be found about equally serviceable. The tradition that plant fossils

are inferior to animal fossils in precise chronology is based on a variety of
circumstances not the least of which was the lack ofunderstanding ofsome
of its most conspicuous practitioners.

Another large factor was the contemptuous attitude of such out-

standing systomal.ic botanists of the floral morphology era as Bentham
and Hooker. Much of the material for stratigraphic palseobotany and
certainly the bulk that is sufficiently frequent in the geological record to

be of any chronological service, consists of impressions or inclusions of
detached parts, largely foliar. Quite obviously the impression of a
sterile fern frond, or a cycod frond or an angiosporm leaf, is not in quite

the same category as the shell of a brachiopod or an ammonite, or a skeleton

of a reptile or mammal.
What is usually forgotten by critics of paUeobotany, and this is

especially the case in those horrible examples sot forth by critical writers,

of the similarity of diversely related modern plants, as if the poor paleo-

botanist had to choose between a calamite, an equisetum, a frenela, a
casuarina and a polygonum, or between the leaves of 100,000 or more
species of dicotyledons.

1 venture to think that plant parts are quite as precisely recognizable

as any other fossils oven if it be conceded that they are identifiable with
less certainty, and I would maintain that they would serve as handmaidens
for stratigraphy about as well if they wore numbered and remained
unnamed, just as busy raicropaleontologists in their commercial work
frequently number instead of naming their horizon markers.

I do not moan to imply that the goal of palapobotany or even of strati-

graphic pakvobotany is on this low plane, and I would expect foliar features
in general to bo more conservative than most parts of the plant organism,
and as having less selective value and hence less liability to change than
floral or anatomical I’eatures. I may instance the ginkgophytos or cycado-
phytos as preserving their essential foliar features over eons of time.
Certainly the cycadophytes have retained rather stereotyped foliar charac-
ters from the Carboniferous down to the present and daring that time
have shown great changes in stem anatomy and a still greater change in

their floral morphology.
Palaeobotany still suffers from the systematic optimism of a Heer or an

Kttingsliausen and from the habit of comparing fossil plants with pictures
of fossil plants in the works of the founding fathers. When the pala3o-
botanical riches associated with the late Cretaceous and early Tertiary
coals of the western interior of North America commenced to flow into the
hands of our American pioneer palseobotanists—Lesquereux, Dawson and
Newberry, they identified many of them by the pictures in Heer’s monu-
mental work on the flora of the Swiss Miocene (so-called) or Heor’s Arctic
Miocene (so-called) and considered our so-c^led lignitio as Miocene.
In the same way Lesquereux determined the first plants from the Wilcox
group of south-eastern North America, the plants to which I have devoted
so many years, as Miocene, although they are really lower Eocene.

The mistakes are not to be charged to the fossil plants, but to their
interpreters. Quite early in the history of geologic exploration in our
West when the bounds^ between Cretaceous and Eocene was being
bitterly debated, the vertebrate palaeontologist Cope advanced the idea
that plant chronology was different from vertebrate chronology and that
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what might be called the age of flowering plants started in the mid-Creta-
ceous, whereas the age of mammals started in the Eocene and it was
implied that the flowering plants had undergone but slight changes since
those far-off mid-Cretaceous days.

It is true that dicotyledonous leaves in some abundance appear in
the record toward the close of the Lower Cretaceous and continue to the
present, but they are at first associated with a large number of surviving
genera that might be called Jurassic types, and many of these do not
disappear until the close of the Upper Cretaceous.

In south-eastern North America which is strategically located at the
gates of the American tropics, and whose Cretaceous and Tertiary land
was a part of that larger segment of eastern North America which had been
above the sea since early Carboniferous, there are abundant and well
preserved floras throughout the Cretaceous and earlier Tertiary, which
I have had the privilege of studying for the past thirty or more years.
The uppermost Cretaceous in tliis region with prolific marine faunas is

the Ripley formation which in clay lenses formed in coastal lagoons along
the Ripley coast has furnished 135 species of fossil plants in 71 genera,
40 families and 28 orders. It is overlain by marine lower Eocene which
is in turn overlain by the transgressing formations of the Wilcox group.
The Wilcox flora is an unusually large one with about 550 described
species in 182 genera, 83 families and 43 orders. There are 28 genera
in the Ripley which are unknown in the Wilcox and if the latter flora is

compared with earlier Upper Cretaceous floras of the same region about
40% of the genera known in these earlier floras are extinct Vjofore the
Eocene.

There are 84 genera represented in this lower Eocene Wilcox flora

which have never been found in any U})per Cretaceous flora in this or any
other region and the vast majority of those are dicotyledons, and the
species are all different.

It would seem that this brief resume without greater detail justifies

the statement that the dawn of the Eocene marks a great modernization
of terrestrial floras, and that these floras show quite as marked a contrast
when compared with Upper Cretaceous as do the terrestrial vertebrates
or the marine invertebrates-

A well documented volume could be written on this subject but
suflicient has been said to illustrate my jioint of view for the puipose of
the discussion.

7. Pbof. W. Gothan, Berlin.

Die Bedeutuny der Falaobotanik ala voUwertigea stratigraphiachea

Hilfamiifel,

Auf dem Internationalen Botanischen Kongress in Cambridge

—

England, 1930, habe ich fiber dieses Thema im allgomeinen gesprochen ;

der Vortrag ist in der Palaoontologischen Zeitschrift (13, 19^31, S. 298)
veroflentlicht worden. Der Aiifforderung des Prasidenten der Botanischen
Sektion des ‘ Indian Science Congress *, zu der Tagung anlksslich des
26. Jubil&ums eino diese Frage kurz bcleuchtende Mitteilung beizus-

teueren, leiste ich hiorrnit Folge. Insbesondere erfullo ich hiormit einen

Wunsch von Prof. Sahni, weim ich don Wert der fossilen Pflanzen als

Leitfossilien auch im Verhaltnis zu den Angaben dor Palaozoologie und
Stratigraphie ins rechte Licht rucke und einzehie mir bokannte Falle

aufzeige, bei denen die Paiaozoologen oder Stratigraphen und die Pal&o-

botaniker verschiedener Meinung waren, die Pal&obotaniker abor Recht
behielten, indem sie sich folgerichtig auf die von den fossilen Pflanzen
gebotenen Daten stutzten. Man findet bis heutzutage die Anschauung,
dass die auf Grund der fossilen Flora gemachten stratigraphischen Angaben
unsicher seien imd dass man sich auf sie nicht unbedingt verlassen konne,
insbesondere, dass sie gegenuber denen der fossilen Faima zuruckzutreten

12
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liisbesoiidere, wenii von Seiten der Palaoboianiker, mid Palao-

zoologen iibor dieselbe Schichtenfolgo Aussagon vorlagen, verdienien die

der Palaozoologen den Vorzug. Das i«t nur insofern begrundet, als die

Mobrzahl der Fossilien iiberhaupt tierischer Nat-ur ist und daher die

Oliederung der geologischen Formationen sioh im allgemeinen auf die

fossile Fauna stiitzon muJift. Richt-ig ist weiter, dass eiiie Erkennuug so

gering inachtigor Horizonte, wie aie z.B. auf Grund der Ainmoniten iin

Jura ausgobaut worden sind, auf Grund der Pflanzen-fossilion in pflanzeri-

iuhi*()nden Ablagerungen nicht mdglich ist. Dorm es handelt sieh bei

dieseii fast imnier uin terrestrische Ablagerungen, die in gleichen Zeitrau-

inen in giosserer Maehtigkoit abgelagert worden als gleiohaltrige marine
Schiehten. Es gibt jedoch viele Fallo, wo gar koine Fauna—odor koine

horizontbostiinmende ’ vorhandon ist, und dann iniisaen die etwa vorhan-
(loiien Pflanzoii alloin don Ausschlag geben. Solten kann man aucli ganz
bestiinmtOi wonig iiiachtigo Schichtonfolgen an einer einzelnen Pflanze

orkonnen. l^ios ist nur in begrenzten Gebieten moglich wo bin und wieder

oin dcrartig boschranktes Vorkominen von Arl^n konstatiert worden ist,

wie z.B. das dor Neuropterin Bogdanoviczi in der hochston Randgruppo
Oborschlosions (vergl. GotJtan, Ob. Schls. Steinkohlenflora I, 1913, S. 211

und Gropp, Arb. Inst. Pal., i, S. 56). Richtig ist nmi allerdings, dass

die Paloobotaniker manohinal selbst durch Angaben auf Grund ungenauor
Konntnisse der Fiinzelheiion dos Vorkomniens dor Arten in don botreffenden

Rogionoii vorlaufige und dann sich oft als unrichtig orgebendo Angaben
gemacht baben. Das sind aber Febler, die rnit dom Grundsatzlieben der
Sache nichts zu tun babon.

Geben wir jotzt zu einigon Beispielen iiber, die die Ricbtigkoit
palaobotaniscb- stratigraphischer Angaben zeigen. Wir konnen bier

gloicb bei dem genannten Oberseblesiscbon Steuikoblenbeekini bloiben,

das, nacbdein GolMn das dortige Karbon 1913 palaobotaniscb neu
gegliedert batte, bis in die neueste Zeit fortgosetzt Gogenstand sowohl
palaobotaniscbor als palkozoologischor Studien gowesen ist. In unsern
Beispiel handelt es sich speziell um die Stellung der obersten Rand-
gruppe, dor Schicbton unter den machtigon Sattolfldzen, wo sich die
jungston inarincn Sishichten dos Bockens befinden (Porubaer Stufo
der Ostraucr Geologon). Klebelsberg batte un Jahro 19J2 auf Grund
seiner Untersuchung der inannen Fauna die Randgruppo im allgempinon
rnit der Magerkohlo des Ruhrreviors vt^rgliehen. Auch noch spater
linden wir bei den Kennorn der Goniatiten, die ja ahnlich den Ainmoniten
im Jura in der Karbonstratigraphie eine bosondere Rollo sjiielon,

die Ansicht, dass die obere Randgruppo wegen des Auftretons des
‘ Oastrioceras circmnnodosum ’ mit dem Finefrauhorizont des Rubn*eviei*8 zu
vergleiohen sei. Da auf dem ersten Heerlener Kongress 1927 zwischen
den Palaobotanikern and Palaozoologen gar koine Einigung moglicb
war, indem die ersten fiir tiefes Namur die andem fiir unteres Westfal
A waren, wurdo die Diskussion damals aufgohoben. Bei den spateren
Untersucbungen hat sich aber berausgestellt, dass die Bestimniung jedes
Goniatiten auf Grund einer alten Abbildung falsch war ; die Palaobotaniker
liabon vollstandig Recht bohalten, was jetzt von alien Fachgenossen
oinhellig zugegeben wird. Bei dieser Gelegenheit k^m man noch einmal
bernorken, was ich friihor sebon gesagt babe, dass die Scbichtenbestimrnung
auf Grund von palaozoologiscben uTid pal&obotanischen Befunden
zusmnmen, weim die Verh3<ltnisse selbor es zulassen, erfolgen sollte, dass
aber bei beiden Forschungswegen dasselbe heraus kommen miisse. Eine
Gleiohurig kann oft auf verschiedenem Wego gelost werdon, das Kesultat
muss aber das gleiche sein, oder die eine Reebnung ist falsch, und man
muss den Febler sueben.

Ein zweites sehr lehrroiches Beispiel bildet die Beteiligung der Palfto-
botanik an der Stratij^aphio des Harzes imd seiner Fortsetzimgen, sowie
von Teilon des Eheinisebeu Sebiefergebirges, des Kellerwaldes usw.
Auf die lange Geschichte der Entwicklung der Harzstratigraphie, an der
zahlreiche Foi-scber von hohem Kang l^teiligt sind, kann bier nicht
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oingegang(3n worden, Hondern os kdimeii imr hier boKonders uiii;r(3Ksiorendo

Punkte horausgohoben worden. Da ist zuiiachsi (iie sogenannte Tanner
(iraiiwacke des Oborliarzes, die nach vielein Hiri iind Her von den iiii

Anfang des Jahrhunderf/S rnassgebendon (ieologcin wie Loswn, Ikmckmann,
KaifseVy Koch imd Beumhauam als silurisch angeselieji luid Hchliesslich aucli
von H. PotonU in seiner Flora des Silurs uiid Kulms ’ JUOl als siluris< b
aufgofuhrt wurdo. Er hatte si© urspriinglioh iinrl zwar riehtig als ober-
devonis(5h arigesprochen, was bei ihr als einer oehteri Cyclostigowin-Flora
dunshaus richtig war, hatte sich aber von den gonarinteii Geologon uber-
stirnmen und uberzeugen lasscn. Spater hat or allordings dies© Ansiehl
wieder zuriiekgenommon. Durch die neueren Untersuehiingen des Hnrzes
besondors von Bchrlel und Daldgrun^ niit denen leh di(3 Sadie sehr
oft bosproohen hatte, ist <Ue Saehlage vollstanihg geaiidert worden.
Das koinrnt sowohl in dem ‘ Harzfiihrer ’ von Bchnel und Dahlgruv
(T. Toil, 1925, S. l.*15) als auch in den Erlauterungon dor iieuen getilogisdien
JliatkT zum Ausdruck, soweit sie schon orschienen sind. In dem gonann-
ton ‘ Fuhrer ’ erschoint die ‘ Tanner Grauwaeke ’ noch als Untorkarbon.
Dio Autoren sind dann aber naeh dem Erseheinen des Fuhrer vom ober-
devonisohon Alter dioser Schichten uberzeugt worden, wie sich aus den
Erlauterungon ergibt. Fiir den Palaobotaniker musste dies bei doin
V’^orhaiidensein dor Cyclostigmon von vornhorein feststehcn, wie auch
Nathorai bald nach Erseheinen dor Potowic-schen ‘ Silur-mid Kuhn
Flora ’ bemerkt hat. In den Erlauterungon zu Bl. Zorgt^ (Lief. 282,
1 S. 17 tf.) ist (he Tanner Grauwacke als Oberdevon aufgonommen.

Die orste Bmsehc in das * Silur ’ der altoren Harzgeologen wurdc
ubrigens nicht im Harz selbst gelegt, sondern bei der Ve^roffontli(diimg des
geologischon Blattes Schonobeck mit den Quarziten von Oommern iiri

Jahre 1924 (s. Erlauterungon Bl. Schonebock, S. 11). Dieser Quarzit.
der von Denckmafui dm’chaus richtig init dem Aeker-Bruchberg
Quarzit des ITarzes mid dem Kellerwald-Quarzit in Verbindung gobracht
wurde, gait wio dio anderngenannten Schichten und wio sich auch aus
H, Potonie'a ‘ Silur-und Kuhn-Flora * orgibt, ebenfalls als silurisch. Aut
cine Anfrage des fruheron Prasidenten der Preussischeii (jeologischen
Landosanstalt Beyachlag uber dio Meinmig der Palaobotamk vom Alter
der Gomrnornor Quarzite, musste ich die Antwort erteilen, dass diose nur
als miterkarbonisch betrachtet werdeii konnten, und zwar w^egon des
Vorkommens verschiodoner Arehaeopteridenblatter und von zwoifellosen
Stigmaria-resten. Daraufhin wurde auf der geologischon Kart© doi-

Quarzit goger die Meinung verschiedener anderor Geologen als miterkar-
bonisch g©kennzei(5hnot. Damit w’ar aber zugleich die Frage aufgerollt,

wie os nun mit dem Acker-Bruohberg und Ilsenburger Quarzit im Harz
selbst und mit dem genaimten Kellerwald-Quarzit boi Wildungen soi,

dio obonfalls als silurisch galton. Da vom Acker-Bruchberg ebenfalls

eindeutige Stigraariarosto vorliegen, so war fiir den Palaobotaniker die

Antwort von vomherein gegebon, was ja auch boi dor bereits erkannton
Gleichaltrigkeit mit dem Goirrmerner Quarzit folgerichtig war, namlich dass

auch dieser unterkarbonisch sei. Im dem bereits genannten ‘Fuhrer’
(T. S. 124) ist dio Frage noch offon gelassen und die Moinung ausges-

prochen, dass sich Geateino verscjhiodonon Alters in den Quarziton des

Acker-Bruchborgs befinden konnten. Auf der geologischon Ubersicht-

skarte des Harzes (I : 200,000) sind dio Schichten als ‘ oberdevoniscjh
’

bezeichnet. Nach dem palaobotanischen Behind, sind sio wonigstens z.T.

als unterkarbonisch wie der Gommerner Quarzit anzusehen. In den
sicher gleichaltrigon Kollerwald-Quarziten hat dann spator H, Schmidt-

Gottingen eine unterkarboniache Fauna naehgewiesen, wodurch dio Frage
im Sinne der Pal&obotaniker erledigt ist.

Nur wer weiss, was fiir K&mpfe die Harzgeologie im Laufe der Zeit

gekostet hat und wio z.B. auch ich mich mit don Harzgeologen horum-
streiten musste, die ursprunglich nicht zu uberzeugon waren, kann die

Schwierigkeit der Stellung eines Palftobotanikers besonders gogeniiber

dor fruheren ‘ Silurfront ’ angeseheuer Geologon vorstohen. Die Bet eiligung
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dor Palftobotanik hierbei ist in der Literatur rolativ wenig in die Erschein-

ung getreton (vergl. u.a. Schriel-Qothan, Jb. Preuss, Oeologische
Landesanstalt, 48^ S. 302 ff), und deswegen ist vielloicht diese kurze
historisehe Darstollung von besonderm Interesse.

Weitere Beispiele in dieser Frage bieten das Ruhrrevior und seine

nordlichen Anhangsol, (Ibbenbiiren und Piesberg) sowie seine westlichen
Fortsetzungen, das Erkelenzer und Aachener Karbon. Das Ruhrrevier
ist oin klassiscbes Beispiel filr die Gultigkeit dor Hilt-schen Regel, die auch
iin wesentlichen auf Grund der dortigen Verh&ltnisse aufgestellt worden
ist, Sio besagt, dass norraalor Weise in Steinkohlonablagerungen der
Gasgehalt, d.h. der Gehalt an fluchtigon Bestandteilen der Kohlenfloze,

von oben nach unten allmahlich abnimmt. In keinem andem Becken
kann mit solchor Rogolm&ssigkeit eino Abnahrne des Gasgehalts der
Kohlen von oben nach unten nachgowiesen werden, von Kohlen mit 40%
Gas bis zu Halbanthraziton mit 10% Gas und nooh weniger in den Koblen-
spuron d?s Fldzleeren. Daraus orgab sich iur die Geologen ©ine ebenso
bequeme wie billige Methode die Schichten im Ruhrbecken odor dessen
nbrdlichor Fortsetzung, in dom Miinstersehen Kroidobecken, in Bohrungen
zu horizontieron, iiTdoni einfach der Gasgohalt der Floze festgestellt wurde
und <larnach die Horizonte, die ja im Ruhrrevier sogar nach der Kohlonart
benamit wordon, sodass hier eino blosse Kohlenqualitiltsbezeichnimg zu
oinem stratigraphischon Begriff gewordon ist. Bei den Versuchon jedoch,
dieselbe Methode in den losgeloston Anhangsehi des Ruhrbeckens, nament-
lieh bei Ibbenburen und dom Piesberg sowie aucli beim Erkelenzer Karbon
anzuwenden, ergaben sich vollkommene Fehlsehlusso. Dio mageren
Kohlon von Ibbeubiiren und die Anthrazite des Piosbergs galten bei

den altoron Goologen als womoglieh noch alter als die Magerkohlcn des
Ruhrbezirks. Die Palilobotanik ist os gewesen, die mit diosen Irrtiimern
aufgeraumt hat

;
Cromer hat schoii (Gluckauf 1895, 8. 129) die Sarhlage

riohtig orkaniit. Der richtige Anschluss der jetzt isolierton karbonischen
Horste odor Aufpressungen von Piesberg-lbbonburen ist erst von Hanck
und Oothan viel spater nachgewioson worden (Gluckauf 1924, No. 26).

Der sogenaiinto Horst von Muhl-Wassenberg im Erkelenzer Karl)on
war ebenfalis auf Grund der Magerkoit der Kohlen viol zu tief im Hcdiicht-

enverband angosetzt wordon {Krusch und Wunstorf^ Gliickauf 1907,
No. 16). Die Palaobotaniker {Jo7tyman,s^ Gothan) luibeii die In’tiimlich-

keit dioscr Auffassungon auf Grund dor Flora iiachgeu iosen. ‘Dbrigons
verti'aten fur das Aachener Karbon mancho Borgleute noch /ieinlich spat
die Anschauung, dass die mageron Kohlen des Erigfaltungsbezirks im
Wuiinbecken dor tieferen Magerkohle dos Ruhrbeckens entsprachon.
Hier hat obenfalls die Flora (zusammen mit andem Umstanden) don
richtigen Wcg gowiesen.

Wie primitiv manchinal die Aufifassung mancher Goologen im Anfang
dos Jahrhundorts uber dio stratigrapliischen Moglichkeiten dor fossilen
Flora war, sei an einerri Beispiol einer jurassischen Kohlo aus China gezeigt,
das ioh solbst erlobt habe. Aus dom Kohlenvorkommen von Pingshiang
(voig. z.B. 8z€, Mem. Nab. Res. Inst. Geology, XII, 1931, Nanking)
erhioltou wir um das Jahr 1904 durch don Ingenieur Lutz eine Sendung
von Pflanzen und Tierfossilien. Unter don letzten befanden sich auch
Siiss-oder Brackwasserzweichaler vom Habitus dor Carhonicola-Avt&a,
deren allgemeiner Cliarakter sich ja in den postkarbonischen Formationen,
auch im Jura, Wealden (Cyrenen) nicht gerade erheblich verftndert hat.
Das kohlige Aussehen dieser Muscheln imd die Ahnlichlceit mit den Car-
iomcokit-Alton des Karbons brachte einige hiesige Geologen auf die Idee,
os handle sich um karbonische Kohlen, und ich entsinno mich noch sehr
genau, wie H. PotonU und ich damals Miihe hatten, dio betreffenden
Herren zu uberzeugen, dass das Vorkommen von Dictyophyllum, von
grossblattrigen Cladophlehie—^Arten wichtiger sei, als die nichts oder
wenig besagenden ‘ Anthracosien * wie diese Muscheln damals meist
gena^t wurden. Dabei kain aber vieUeicht bei den Geologen dazu, dass
si© die Kohlen gem als karbonisch abgestempelt hatten, weil sie meinten.
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dcuss damit iiber die bessere Qualitli.t etwaa ausgesagt sei. Ahnlich war
es mit gewissen Jurakohlon von Schantung, deren jurassiaches Alter
gewissermassen verheimlicht wurde. Dass aber Jurakohlon und auch
terti&re Kohlen so gut sein konnen wie karboiiischo, ist ja jetzt wohl
allgemein bekannt.

Ein weiteres Beispiel fiir unsero Frage bietot die (leschichte der
Stratigraphie des grossen Kohlenbeckens von Kuznezk am Altai.
Wahrend wenigstens fur den oboren und wichtigston Schichtenteil dor
palaeozoischen Kuznezker Kohlenformation besonders aiif Grund des
Vorkommens von Callipteriden die Palaobotanikor sich fiir pormischos
Alter aussprechen mussten, konnten sich die Palftozoologen mit diosem
Standpmikt nicht bofreunden und setzten die Schichten tiofor ins
Karbon auf Grund der Fauna. Ea ist mir nicht bekannt, wie sich
augenblicklich die Paiaozoologon dazu oinstollen. Die Frage diirfto

nunmehr endgiiltig zu (iunsten der Palaobotanik entschiedori sein durch
den Vergleich mit dem von Bexell festgestellten Profilen in Nanschan-
Gebiet (Prov. Kansu, norddstliches Tibet). Hier wurde nach der
vorlaufigen Vordffontlichung von Bexell und Halle festgestellt, dass die
Schichten mit Angaraflora (Kuznezker Flora) und zahlreichen Callip-
teridcn iibor Scliichten mit typischor Oigantopteris flora, wie sie im ostlichen
Asien bekannt ist, lagern. Diese ist von Halle schon friiher imd ganz
Richer mit Hecht als permisch bourteilt worden, was noch spiitor und
jetzt vor kurzom durch Callipteris-Funde in Schansi bostatigt wurde.
Danach diirften die Shihhotze-Schichten dos Profils von Schansi dem
unteren Perm (Rotliegenden) angehoren ; die botreffondon Angaraschichten
von NanHchan konnen aber unmoglich als karboniseh gelten, sondern
miisRon jungeren Schichten dos Perm angehoren und domgoinkss die
betreffonden Schichtenpakete von Kuznezk auch (Zone II von Neuburg),

So darf man auch d(^m Ergobnis der Untersuchimg der Spiti-Pflanzen
aus den Po*Schichten des Himalaya, dio Qothan und Sahni als unterkar-
bonisch bestiminten, durchaus Glaubcn schonkon, zumal eigentliche

(xogengrundo paklozoologischer Art nicht vorliegen. Em mittelkar-
bonisches Alter, d.h. also etwa Westfal im Sinn© der Heeiiener Beschliisse,

wie es bishcr mit Vorli<^bo angenoinmen wurde, ist abzulehen.
Dafur, dass axich im Mesozoikum manchmal unter entsprechenden

XJmstandon Florenfolgen an den verschiodonsten Stollon der Erde sich

atratigraphifich sehr brauchbar zeigen, kann die Gleichartigkeit der Folge
dtr Rhat-und Liasfiora in Schonen und Oatgronland gonannt werden ;

hier sind besonders die Arboiten von Harris zu neimen. Hier wie dort
ifesst sich iiboreinandor unschwer ein© rhatische und untorliassischo Stuf©
unterscheiden, die tiefero unter anderrn durch Lepidopteris Ottonis charak-
terisiert. Harris unterschoidet ©ine rhatische Lepidopteris^ und ein©

liassische Thnuviatoperis-^Uxfo, dio sich in ganz iihnlicher Weise in Schonen
wiederfinden. 1914 wurden von Gothan in Franken die betreffonden
Schichten ganz ahnlich gefunden und unterschieden und daraufhin die

sogenannte * Rhatflora ’ von Franken als liassich bezeiclmet und fomer
die LepidopterisSchichion von Koburg und Oberschlesien als rhiitisch

angesprochen. Weitere Charakerpflanzen mogen in den Arbeiton von
Nathorsty Harris und Oolhan nachgoloson worden {Nafhorsty Floran vid
Bjuf. Sver. Gool. Undersokn. C, No. 27, 33, 85, 1878-86 ; Oothan Abh.
Nat. Ges. Niimberg, 19, 1914 ; Harris, Rhaetic Floras, Biolog. Reviews,

6, No. 2, s. 133, 1931 ;
Qothan, Ztschr. D. Gool. Ges. 87, 1936, No. 10).

Auch im Tortikr Mitteldeutschlands spielt die Palaobotanik mohr
und mehr eine auaschlaggebende Roll©, da vielfach andcro geniigende

Indices fehlen. Als Beispiel sei hier die Durener Braunkohle genannt
(Rheinl.). Schon vor mehr als 10 Jahren habe ich mit WunstorJ eine

Gleichaltrigkeit mit der Ville-Kohle erkannt und versucht, unsere Meinung
fiir die geolgische Kartierung durdizudriicken. Dies gelang luis aber
damals nicht ; erst jetzt ist in Folge der TJntersuohungen von anderer
Seite die richtige Erkenntnis zum Durchbruch gekommen und die
‘ Kieeeloolith-Sobichten auf Grund. deren u.a. die betreffonden Kohlen
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als Pliozft-n angosprochen worden, haben jetzt zum Teil ihre Bedeutung
eing<^bus8t, iind dio Pal&oobotanik ist in ihr stratigraphisches Hecht
getreten. Man konnte noch mehr iiber ihre Rolle in der Einordnung der

Braimkohlen dos Mitteldeutschen Terti&rs sagen. Es mag aber dabei sein

Bewenden haben, da der Zweck unserer Darlegungen, die Wichtigkeit tend

Jtichtigkeit der Ausaagen, der foaailen Flora in atratigraphiachen Hinaicht

auch gegenuber etwa anderslantenden pcddozoologiachen darzutnut erreicht ist.

S. Dr. Alex. L. du Toit, Johannesburg.

Homotaxia and continental drift.

The apparent discrepancies in the dating of formations by means of
their respective marine and terrestrial fossils can be ascribed to r‘—

(1) Uncertainties pertaining to the geological system-boundaries
either locally or regionally, whereby correlation-errors are introduced,
o.g. the limit between Carboniferous and Permian.

(2) Inaccuracies in fossil identifications, the more frequent in the
case of fragmentary plant remains.

(3) Presence of persistent forms or ‘ hold-overs *.

(4) Divergences in the evolutionary trends in sea and on land.

(5) Evolutionary changes during migration along extended paths,
whereby, as forcefully pointed out by Huxley in 1862, widely parted
faunas could become ‘ homotaxial * instead of synchronous, correspon-
dences in stratal successions not necessarily implying contemporaneity
in deposition. Considering the enormous extent of the earth’s surface,
absolute synchronism throughout geological history would seem distinctly

improbable.

(6) (Convergences in faunal or floral types, due basically to similar-
ities in their particular environments. For example, the likeness between
the Permian floras of Angaraland and Grondwanaland, whicli were both
temperate or cold climate assemblages, contrast with those of the rest
of the world, which generally had a warm habitat.

(7) (Climatic, oceanographic, orogenic or other influences that have
affected in different degrees or senses the life of the seas and land.s and
impressed themselves differently on the marine and terrestrial biota.
Such changes are currently presumed to have been more marked or
uneven upon the lands, where the life was subject to extreme variations
n tornperaturo, humidity, etc.

(8) A further and vital factor, which has not received attention so
far, IS, howcv<‘r, Vontinental Drift. J’he author has elsewhere set forth
tlie numerous arguments favouring a creeping of the coudonsed land-
masHCs o1 ‘ Laiirasio. ’ and ‘ (londwana ’ over a revolving core, on the
wliole southwards during the Devonian and OarlKiniferous, when the
motion became reversed, with some anti-clockwise rotation as well.
Such n'siiltod in the progressive shift across the face of the Earth of* the
main climatic zoik'h, with (»onsequent changes of biological environment
and therefore of evolutionary influences, especially upon the lands and
particularly in regard to thoir vegetation, which had not the mobility
uf the animals.

As an extreme case an area could well within an epoch have changed
from say a sub-tropi<!al through a dry to a wet-temperate environment,
whereas in an adjoining one the reverse might have occurred. The
coals of the Palaeozoic were accumulate<l under either warm -moist or
cold-moist conditions, and respectively mark out the former ecpiatorial
or polar sides of the two high-pressure low-rainfall girdles, which in turn
tend to bo characterized by continental ‘ red beds ’ phases. The freejuent
association of sucli red strata with the coal-bearing facies finds its explana-
tion in fluctuation or migration of the northern and southern limits of
fJiose low-rainfall girdles,
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The progress of such a climatic ‘ wave ’ should tend obviously to
speed up, or contrariwise to retard, the normal evolutionary processes
and thereby lead to the abrupt appearance of new forms and/or to the
preservation of old ones, as well instanced in the Triassic flora of South
Africa.

(9) Discordances in the datings derived from the marine and
terrestrial remains are hence likely, though the maximum lack in

agreement may perhaps nowhere have exceeded a fraction of an epoch- -

say a few million years or so.

(10) Although the marine fossils would generally constitute a fairly

consistent geological clock, palseobotanists should have no hesitation
in stressing the plant evidence should the latter bo weighty, although
at variance with the conclusions currently drawn from the associated
marine faunas. Thus for certain strata commonly recorded as Lower
Permian from tlioir fauna, their flora is wholly indicative ol a late

Carboniferous age, such apparent discrepancy being largely due to the
upper limit of the Carboniferous having consistently been drawn at a
lower level than is done hy the Russian geologists for the type region

of the Permian.

9. Prof. H. C. Szk, Nanking.

Die MeinunqfnierHvhifdcnheit zwischpn Palneozoolotfcn vrui ]*al(i(‘ohotanikfr

neber die AlteraJiatje,

Die Meinungsverschiedenheit zwischon Palaezoologen iind Palaeo-
botaniker uber die Altersfrage ist bei uns gonau dasselbe. 8o z.lL id^er

das Alter der (Dgantopteris-F\ov», ist die Meinung zwisc.hen (Jeologen

inimer noch nicht einig und wird vielleicht niomals einige sein. Halle,

VVliite, (jothnn und 8ze hielten es fflr Unterperm ,* T K. Huang hat aber
auf Crund der Fauna und stratigraphischeiT Verhiiltnisse in Sudwost-
("hinu os boreits zuni ‘ Upper Permian ’ uiTizudeuten versucht. Die
.lapanische autoren (Yabc u. a.) haben immer noch schlechtweg die

(hgtmtopteriH-VXcyrtA, als Permo-Trias betrai'htet. In einer neuen
V^eroffentlichung, stellen Ting und Crabau die Shihhotzo Serie in Shansi
zum ‘Middle Permian’ (Report of XV^J Intern. Ceol. Congr. 19.‘h*l).

Man muss also dariilx^r noch mchr Arbeitcn um diesr* Fragc klar zu

inachen.

Id. Mr. H. (’rooksHANK, Calcutta.

Thi‘ Anniunutt'N of thr Madran East (JoaM and tftv Age of the

Upper (hmxhra.no.s .

Dr. F. Sjiath’s description of ITpper Neocomian ammonites in the

(londwana rocks of the Kast coast of Madras is of the utmost importaiici'

lo Indian geology. If his somewhat tentative identifications are aecepbsl

it raises the age of these rocks by a whole geological division.

()m> jioint about which he seems to be misinformed is that this

dotermination will raise the age of the Kajmahal plant/ beds througlarut

India. The rocks in which the fo.ssil ammonites have been found are the

Kagavapuram shales, the Sripermatur group, the Budavatia sandstoni^

and the Vainovaram shales. Spath reports that the fauna of all these

rocks IS identical. Foistmantol {Fal, Ind. Sr. II, TX and XII, /, pi. 4,

lUl-224) already regarded their floras as indistinguishable one from

another. He describes them os being midway bet ween the Kajmahal flora

and the Jabbalpur one. The only ti-uo Rajmahal floras from the East C( >ast

of India occur in the (tolapilly beds and the Athgarh sandstones. King

(Mem., XVI) expressly states that the Golapilly beds underlie the

Hagav^apuram shales with their aminonite fauna. Ht‘ coiiUl not hi*
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certain that they were separated by an unconformity, but he believed they
were.

Spath’s identihcation raises the age of the plant beds in the East
Coast Gondwanas from middle Jurassic to lower Cretaceous ( ? Barremian).

Arguing from the doras found in Kota and Jabbalpur he concluded that

these beds as well as the somewhat older Kajmahals should be raised

from lower and middle Jurassic to lower Cretaceous also. I propose to

show that tho correctness of this deduction is very questionable.

The modern tendency in paleeobotany is to greatly reduce tho number
of species based on leaf impressions alone. Thus the following plants

regarded as distinct by Feistmantel are regarded as varieties of the same
species by Seward:

—

Ptilophyllum a-cutifolium,

Ptilophyllum cutchenae^
^

Otozamites hialopi,

OtozamUea gracilis,

Otozamites angustatum,
and Otozamites distans.

Any of these would now be described as Ptilophyllum acutifolium.

This wholesale rejection of species has tended to greatly reduce tho
differences between the various Indian Upper Gondwana floras.

Work in the Satpura Gondwana basin {Croolcshank, Mem. LXVI,
pt, 2) has recently brought to light 1 2 new Jabbalpur species. Nine of these
were formerly regarded as typical of the Rajmahal flora, and two of
the Umia.

In spite of these discoveries the Rajmahal flora still remains fairly

distinct on account of the abundance of large cycadaceous fronds in it,

and of the presence of such ancient forms as Danenopsis and Thinnfddkt.
The remaining Upper Gondwana floras are brought much closer to

one another than heretofore, so that it is doubtful if tho distinctions

between them have more than a local significance due to their wide geo-
graphical distribution. If anything the flora of Umia seems to be yoxinger
than those of Jabbalpur, Kota, and the upper Gondwana bods of the East
Coast of Madras, for it is deficient in the more ancient plant gonora such
as Dictyozamites, Ptcrophyllum, Nilssonia, and Tceniopteris. Spath’s
statement that ‘plant-beds comparable to those formed in Kachh in

Portlandian times (Zamia shales of Nurrha) and in the upper Tithonian
and lowest Noocomian do not seem to be known from Pcninstilar India’
seems designed to explain tho reason why there is such a very large dif-

ference in age between the upper Gondwana bods of Kachh and those of
the Madras East Coast. The statement does not, however, bear investiga-
tion. The Zamia of the Nurrha shale.M is a variety of Ptilophyllum acuti-

folium. This leaf impression is certainly the commonest of all those
found in the upper Gondwana rocks of Peninsular India. It is often
found in great profusion among the carbonaceous shales of the Jabbalpur
series, and in some cases it is the only leaf impression present.

As far as the fossil floras are concerned there is little difference between
those of Kachh, Jabbalpur, Kota, and the Madras East Coast. The
ammonites in Kachh show that the Umia flora is upper Jurassic, those
identified from the Madras East Coast that the flora there is lower
Cretaceous. Tho only reasonable deduction is that the land flora in
India changed very little over a prolonged period in the upper Jurassic,
and the lower Cretaceous. Such a conclusion would not be particularly
remarkable, for similar floras persisted with little change from lower
Jurassic to the end of tho Wealden in Europe and other areas. It seems
to me quite unfair to say that the Jabbalpurand Kota floras are Cretaceotis
because those on the East Coaat of Madras are. They might equally
easily be Jurassic, as is the Kachh flora.

But there is other evidence which tends to show that the Jabbalpurs
and Kotas are at least ae old as tho Kachh plant beds, and perhaps older.
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Evidence from fossil leaf impressions is never very satisfactory, but
such as it is it tends to place the Jabbalpurs and Kotas in the lower half of
the Jureissic. All the Jabbalpur species range through wide periods in
the Mesozoic ora, but, as one genus, Dictyozamite^^ is especially charac-
teristic of the mid-Jurassic, and as others, notably Pterophyllum^ NiUsonia,
and TasniopteriSf are rarely found higher than this, it is probable that the
Jabbalpur rocks are at least as old as mid-Jurassic. As the Kachh plants
seem to be slightly younger than the Jabbalpur ones, and as there is often
an apparent difference in age between marine and terrestrial forms this
position would be quite in accordance with the ammonite evidence from
Kachh.

In support of the evidence from the fossil floras there is field evidence
from at least three areas to show that the Jabalpur and Kota beds overlie
quite conformably beds in which Triassic and Rhjptie Reptilia and
Amphibia are foxmd, and from another area which shows that fresh water
flsh remains of Liossic age occur m beds either immediately below or
intorbedded with the plant remains.

The Kota-Maleri area is by far the most important of these. Somo
of the best known geologists of the Geological Survey of India have visited
or mapped the rocks of this area. They all agree that there is only one
rock formation present. At its base it is rich in coloured clays and poor
in sandstones. As one passes upwards through the succession the clays
become rarer and the sandstones commoner till at the top of the formation
it is mainly sandstone. About the middle of tliis formation occur three
limestone bands.

The plant beds with Jabalpur fossils are commonest at the top of the
formation, but they extend down as far as the limesttmo bands. (Opinions
are divided as to whether they are interbedded with them or not.

The limestone bands contain a rich fish fauna of liassic affinity {Kgcrlon
and Miall. Pal. Ind. Ser, IVy VoL 1), Reptilian and Amphibian remains
are found most abundantly at the base of the formation, liiit tliey extend
upwards as far as the limestone bands and are locally interbedded with
them. All are agreed on this point. The age of the reptilians has been
determined as uppermost Trias or Rha*tic. 1 wish to omj)hasjze here
that several of the most famous of Indian Geologists {Lydekker, Pal. Ind.
Ser. IV, Vol. I; King, Hughes, Ttlanfoi'd) have failed to find any signs
of a break in sedimentation in this fonnntion, nor is the Succession of
plant and animal forma any reason for suspecting the presence of one.

In the Jabbalpurs of the Satpura Gondwana basin there is a large

fossil flora. The Jabbalpurs pass downwards without any sign of uncon-
formity into the Denwas a formation built up of thick beds of red clay

and white sandstone. In the red clays some hundreds of foot below the
plant beds remains of Mastodonmurus, a late tnassir^ r»)ptilian, have been
found.

The situation at Tiki where a fauna almost identical to the Maleri

one has been discovered, is very similar. The connection of the Tiki

beds with the overlying Jabbalpurs is, however, not so clear as it is in the

Satpuras, and at Maleri.

Thus the field evidence strongly favours the view that the J abbalpurs
and Kotas are closely connected with the miderlying bone beds. If it is

desired to move the Jabbalpurs bodily up to a lower Cretaceous horizon,

it becomes almost necessary to move the Maloris and Denwas up to the

top of the Jurassic or the base of the Cretaceous. To move the ago of

reptilians, amphibians, and fishes upwards by a whole geological epoch
seems to me to be a ruthless act.

Having regard to the field and fossil evidence it would be much
wiser to leave the base of the Jabbalpur series in its present mid-Jurassic
position, that is a little older than the plant beds of Umia with their

interbedded ammonites of Portlandian age. To correlate the base of the

Jabbalpur with the equally distant plant beds of the Madras East Coast

seems to me quite unnecessary.
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The period during which Jabbalpiir sedimentation continued is quite
uncertain. The beds are strung out in a long line from Kewa to western
Hoshangabad, a distance of several hundred miles. They are not quite

continuous but sufficiently nearly so to be sure that they have been
deposited in two or three basins lying along the southern margin of the
present Narbada valley. The characteristic and extremely uniform
lithology of the group suggests that the conditions of deposition were
everywhere the same. There is no evidence, however, that the different

hasiriH are of exactly the same age. There is in fact a little plant evidence
to show that they were not. Thus at Jabbalpur the fossil plants aro
mainly conifers and ferns of relatively modem appearance, while in the
Narsinghpur district {Crookshankt Mem. LXFJ, Pt. 2), some 50 miles
further west, large cyoadaceous fronds of archaic aspect aboimd . Although
the Jabbalpur rocks are never very thick, it may be that they have been
slowly deposited over a long period of time during which land conditions
remained very stable. They may even represent the period from mid-
Jurassio to mid-Cretac^eous. That they could not have continued much
later is fairly certain, for the next flora found in Peninsular India, that
associated with the earliest flows of the Deccan Trap, is entirely different.

This flora is considered to be earliest Eocene. As the palms are represented
in it by numerous species it is certain that its roots must extend far down
into the Cretaceous. There is, however, not a trace of a palm in any
of the upper Gondwana rocks.

The occurrence in Madras of lower Cretaceous ammonites in beds
containing a flora characteristic of the lower or middle Jurassic is some-
what of a mystery. It is a well-known fact that mesozoic floras cover an
enormous time range. From the earliest Jurassic to the end of the
Wealden period there is no very marked change. It is quite possible
that a Jurassic flora could have lingered along the Madras coast well into
the Neocomian period, but it is remarkable that such relatively ancient
genera as DictyozamiteSy PterophyUumy Nilssoniay and Tcen'iopteris should
be so well represented there; so strange is this that it must inevitably
oast doubt on Spath’s conclusion, the more so as this is based almost;

entirely on generic rather than specific determinations, and the material
available was badly preserved.

Fortunately there is some chance of checking the araraonito evidence.
Associated with those fossils is a large marine fauna, mainly lamellibranch.
So far as 1 can ascertain, these have never been thoroughly investigated.
Two marine fossils from the Tripetty beds immediately overlying the
ammonites in the Godaveri delta were identified by Stoliezka as Trigonm
ventricom and Triyonia mieei; forms which are extremely common in
the Umia (Portlandian to early Nocomian) of Kachh {King^ Mem. XVI).
This directly contradicts the evidence of the ammonites, and suggests a
diirassif} age for the plant beds here as elsewhere.

1 1 . Dr. R. W. Chaney, Berkeley (California).

Many disc.repancies in the stratigraphic testimony offered by terres-
trial plants and animals appear to result from factors involved in
geographic distribution. This is particularly true in the case of Cenozoic
rocks, whoso stratigraphic units are finely differentiated, and in which
the details of faunal and fioral development are relatively well known.
An example may be mentioned which was involved in a recent study
in western North America.

In the Ogallala formation, laid down during later Tertiary time on
the eastern flanks of the Rocky Mountains, a mammalian fauna ineduding
horses and a lieaver has been referred to the Lower Pliocene. At this
same locality ir^ north-eastern Oklahoma, there has l>een collected a
flora made up of well-preserved leaves of angiosperms. All its genera
and more than half the species have been previously recorded in the
Miocene of ('oIt>rado and Oregon. If it be assumed that during the
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Upper Miocene the vegetation was imiforin from Oregon to Oklahoma,
there can be no conclusion other than that the evuleiice of the plants
is not consistent with that of the animals.

Well-marked differences may bo observed between the modern
vegetation of Oregon and of Oklalioma. Our knowledge of the Tertiary
history of western Ameiica gives us little basis for supposing that such
differences were any less apparent during Miocene and Pliocene time.
The attitude of the orthodox stratigrapher has served to obscure or
completely prevent the recognition of local differences in plant life ;

but there can be no rational basis for the assumption of a ‘ cosmopolitan
’

flora over a range of nine degrees of latitude, and across a north south
range of mountains. The faet that a fossil flora in Oklahoma has genera
and species in common with one in Oregon may in no accurate sense be
interpreted as indicating that the deposits containing them are of the
same age. In the case of land plants, which migrate relatively slowly,
such a resemblance is probably an indication of a difference in age.

Studies in progress over the past two decades are yielding a large
body of evidence in support of the theory that the more characteristic

elements of Tertiary vegetation have migrated southward down both
sides of the Pacific from a northern source. This migration is considered
to reflect a trend towards a colder and drier climate, resulting from gradual
emergence during the Tertiary, and no doubt from other causes. Plants
which characterize the Miocene of Oregon are known to have been
present in Alaska during the Eocene. It is reasonable to suppose that these
same plants should have occupied a position still further south during
the Pliocene, as a result of a continued response to climatic change.
The presence in the Pliocene of Oklahoma of vegotational elements
which characterize the Miocene a thousand miles to the north-west is

therefore to be expected. Greater mobility of mammals appears to

have made possible their rapid migration over wide areas during the
Pliocene. A closer faunal uniformity may therefore bo expected than
is the case with plants. It is possible that with increasecl knowledge
of their geographic and stratigraphic occurrence, the idea that animals
were contemporaneous over extensive areas of sea or land may also have
to be modified. In any case the abandonment of the r*oncept of
cosmopolitan floras in no way affects their value as stratigraphic

indicators, if their latitudinal relations aro considered and if their

direction of migration is known.
A large number of apparent inconsistencies between the age evidence

of plants and animals have resulted from inaccurate recording of their

stratigraphic position. The question of the boundary between the
Mesozoic and Cenozoic ixicks in the Rocky Mountain ai*ea, long under
dispute, appears to involve errors in establishing the vertical position

of several of the floras involved, and doubtless of certain faunas as well.

These errors are being corrected through the studies of Brown and
Dorf. The age of the Auriferous Gravels on the western flanks of tht)

Sierra Nevada was obscured by contradictory data until it became
known that the floras range in age from Upper Eocene to Pleistocene. It

seems clear that with adequate observation and critical analysis of their

geographic and stratigraphic occurrence. Tertiary faunas and floras

will provide chronological evidence in which no discrepancies appear.

The very existence of such discrepemcios as now appear is an indication

of our inaccuracy of method or interpretation.

12. Db. a B. Walkom, Sydney.

On the whole there seems in Australia to be little conflict between
the evidence of plant and animal fossils in regard to the age of the beds
in which they occur. I think the greatest difficulties result from con-

sideration of small portions only of a fauna or flora and the use of such
small portions as indioatoi-s of age. I think there is often too little
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appreciation of the presence of * hold-overs * in any fauna or flora, and
quite frequently these ‘ hold-overs * are singled out and stressed as age
indicators—in reality they will always indicate an age greater than the
actual age of the beds in which they occur.

This, I believe, may be the case with the Wankie beds in Bhodesia
where the Pecopteria and SphenophyUum may not outweigh the Olossopteris

flora in the determination of age.

There has been, during recent years, some controversy as to the
age of the beds formerly called * Permo-Carboniferous * in Australia,

and the age of the Olossopteris flora. A recently published excellent

analysis of the faima in these beds in New South Wales (by Haggatt and
Fletcher, Records Aust, Muaeunit xx. No. 2, p. 166) strongly supports
the opinion that the whole of the system is of Permian ago, and therefore

the first appearance of the Olossopteris flora in Australia would be some
1,600 feet above the base of the Permian.

According to Mr. F. Chapman of Melbourne the evidence from the
Foraminifera in the New South Wales ‘ Permo-Carboniferous ’ is that
they range through Carboniferous to Permian in only a few cases, but
are otherwise typically Permian. As far as Australia is concerned, then,
it seems now that the Permian faunas and flora are in accord and there

is nothing to support a suggested Carboniferous age for any of the
Olossopteris flora.

13. Dr. Emily Dix, London.

The Relatwe Values of Fossil Plants and Shells in correlating

Coni Measure Hocks,

The evidences afforded by fossil plants and shells supplement one
another and should always bo taken into consideration, whether in the
identification of a particular coal seam over a small area or in establishing

sub-zones or zones in rocks of Coal Measure age. When considering the
itlentification of a coal seam one should examine all the evidence available

:

the character of the seam, the lithological characters of the roof and the
associated measures, and the fauna and flora found in the roof shales. In
cases where doubt exists a spore-analysis of the seam in question should
be made. Thus, an ideal classification of the Coal Measures should be
based on the vortical distribution of species of non-marine and marine
shells, arthropods, plants and to a certain extent on the lithological

characters of the rocks themselves.
It is generally true that the evidence afforded by either the non-

marine shells or the plants may be a reliable guide to the correct deter-
mination of a zone or smaller unit of Coal Measure strata. But in other
cases, difficulties arise owing to the great variation in the characters of
the strata especially at some horizons, and as a result all possible lines of
evidence should be taken into consideration.

In some cases the non-marine and the marine shells make possible the
most detailed correlation, yet at certain horizons the plants are so charac-
teristic that they are quite as valuable for correlation as the non-marine
sludls. In areas, too, where shells are rare, or absent, or where the species
found are of no diagnostic value, the evidence afforded by the plants
cannot be neglected, and is of necessity the more important.

On the Continent, it has been recognized for many years by such well-
known research workers as Profs. Gothan, Renier, Jongmans and Bertrand
that the distribution of the plant impressions found in the roofs of coal
scams are reliable, not only for classifying the Coal Measure strata, but also
for identifying individual seams. As a result it is customary in these
coalfields to use the plants rather than the shells for zonal purposes.
However, it has been shown by Prof. Pnivost and other workers that the
results based on the non-marine shells were not in discordance with the
results obtained by a study of the plant impressions. In this country,
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on the other hand^ a great difference of opinion arose between the workers
on the plants and the shells with regard to the classification and correla-
tion of Coal Measure strata in the various coalfields, which has made
several geologists in Great Britain very sceptical indeed concerning the
utility of either the plants or shells for zoning those rocks. Some have
oven expressed the opinion that no great changes took place in the
characters of the floras and faunas as one proceeds upwards through the
Coal Measures. This is a fallacy which is easily exposed. In my opinion
the changes exhibited by the faunas and floras of the Coal Measures can
bo compared with Ihose shown by the goriiatites and associated faunas of
the Namurian or with the corals and associated faunas of the Avonian

—

faunas which are I'ocognized as reliable indices for zoning the strata in
which they are found.

Non -Marine Shells.

Let us firat consider the value of the non-marine shells, namely,
Carbonicola^ Anthracomyn^ Anthracomiuta and Naiadites. (freshwater or
estuarine forms which lived in the lagoons and estuaries of Coal Measure
times) for (1) identifying coal scams, and (2) zoning Coal Measure rocks.

(1) The Valve of Non-Marine Shells for idoitifyiny Coal Seams.— -

Dr. Wheelton Hind demonstrated that these shells could be used m
correlating the Coal Measures of North Staffordshire, and he also gave
an account of their broad zonal distribution in other coalfields m Britain.
Mr. J. T. Stobbs extended his results in lOOf), and for many years he
has used these fossils m the identification of coal seams t-hroughout the
Midland (’oalfields. However, ho did not publish any fui’ther informal ion
concerning those shells, and thus it appeared that little attoiitioii was
being given to thi^se forms in threat Britain, and it was (>ven suggested
that they were of little value for correlating Coal Measure^ strata. Mean-
while Profs. Barrois and Pruvost investigated these molluscs in the North
of France and other coalfields, and show'od in 1919 that they afford most
valuable data for zonal jiurposes. The classic paper published by
Mr, J. H, Davies and Prof. A, E. Trueman in 1927 produced a great revival
in the study of these lamellibranchs in Great Britain, and it is to th<'

latter that wo owe so much of our knowledge concerning the succession
of non-marine faunas in the coal-bearing rocks of this country. He has
also stimulated many others to become interested in them, with the result

that a wealth of information is now available concerning the succession
of those faimas in Britain.

In the roof shales of a great number of the coal seams m the British

coalfields occur suites of non-marine shells. A detailed examination of
these shells reveals marked differences in the species constituting tho
assemblages found in association with tho various seams. The study of

these forms and of the assemblages has made it possible foi* one to identify

many coal scrams over considerable areas. I could name a great number
of seams which can be identified in this way, for example, tho Lower Vein,

Brasslyd Vein and Pennypieces in the western part of the South Wales
Coalfield, whore these lamellibranchs have proved of tho utmost, value to

mining engineers in working out the complicated structures of that area.

From the mining engineer’s point of view, it is imnocossary to learn tho

scientific names ofmore than a few of these shells, but the general character

of tho assemblages can bo memorized. It is a question of becoming
accustomed to look-out for the typical forms in tho assemblages, and this

can only be accomplished by systematic collecting from various horizons.

As one engineer has often remarked to me ‘1 don’t care what you geologists

name these shells, but I know that when 1 find these little fellows, the

presence of the Brasslyd Seam is indicated, and when I find that group of

mussels I am near the Lower Vein, and so on*.

Although the non-marine shells ai’e of great value in identifying coal

seams, it must be remembered nevertheless that certain shells are no
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rrit.f'riofi of an liorizon, and an odd shell or two in certain cas(38 camiot bo
regarded as sufficient evidence for the prosonco of a particular coal seam.
To quote Dr. W. B. Wright, ‘The freshwat(3r faimas on the different

horizons of the Coal Measures have sufficient distinctness to lend character
to thf‘ strata in which they occur, and if (jarefully used, with proper
appreciation of their liinitationa as criteria of horizon, greatly facilitate

local (correlation’.

(2) The Value of Non-Marine Shelbt for zoning the Coal Meaaui'ex ,

—

In 1927, Davies and Trueman established a zonal scheme based on
the vortical distribution of these lamellibranchs in the South Wales
(Coalfield. These workers proved that not only could individual seams be
identified by means (jf these shells, but that faunas changed in (iharacter,

by the appearance of new species and the extinction of others, as one
asctnided the sequence. As a rt^sidt of further researches d; bas bemi
proved that the broad zonal scheme established by Davies and Trueman
can be applied in every area where Coal Measures occur in (ireat Britain.

It IS also applicable in France, Holland, Bolgimn, Westphalia and in the
Donotz basin. Naturally slight modificafions have become necessary as
new material has become available, and various sub-zones have been
recognized by Dr. W. B. Wright in Lancashire, certain of which have been
traced into Scotland by Dr. J. Weir and Mr. D. Leitch. In cases whore it

may be impossible to identify individual seams in sinkings and boreholes,

the r(3cognition of the suites of shells found in the sub-zones may be of

great importance to the mining engineer.

The zonal scheme put forward by Davies and Trueman, and later

amplified by Trueman and Moore is as follows:--

Stephanian .
.

(Zone of Anthracomya prolifora).

(Westphalian E,).

Upper Westphalian . . Zone of Anthraconauta tenuis.

(C and D). Zone of Anthraconauta phillipsi.

Great Change in Fauna.

Lower Wc^stphalian . . Zone of Anthracomya pulclira.

(A and B). Zone of Carbonicola sirnilm.

Zone of Anthracomya modiolaris.
Zone of Carbonicola ovahs.
Zone of Anthracomya lenisulcata.

Fossil slicdls ar(3 unknown m the uppermost Coal Measures of South
Wales, but in the corresponding beds in Hadstock, Prof. Trueman and
Dr. Moore have desc.ribed a series of shells including Anthracornga aff.

prolifera, which supports the conclusion based on other evidence that-

the strata in question should be attributed to the basal beds of the
Stephanian (or Westphalian E. of Jongmans and Van dor Gracht),

Marine Faunas,

At intervals regional subsidence was sufheiont to cause a trans-

gression of the sea over the low-lying swamps. Sometimes the first marinci
form to appear was Lingula, Lingula beds and all marine beds generally
overlie coal seams of varying thicknesses from J inch up to a foot.

Lingula beds are often impersistent, and they may pass laterally into
shales containing Carbonicola and Anthraco^nya or shales with a more
typical marine faima, consisting chiefly of goniatitee, nautiloids and
lamellibranchs

.

Our knowledge of the marine faunas may be attributed to the work
carried out by Dr. Wheelton Hind, Mr. J. T. Stobbs, and especially by
Mr. W. IS. Bisat. Some of the marine beds are widespread, and are
fairly frequent in the lowermost Coal Measures, especially in Yorksliire
and Lancashire. Two well-known bands occur, namely, the one in the
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f*i)of (if the Pot Clay Coal (the Qmtriocerm eubcrcfuUmn Marino Hed)
and the otlior in tiie roof of tho Halifax Hard Seam (the UtMlrioceraa lister

i

Marine Bed), which forms a well-marked datum plane in Yorkshire,
Nottinghamshire, Derbyshire and Lancashire, and is also equivalent to tla*

Finefrau Marine Hod on the Continent.
Many other marine beds have been noted in various coalfields in

Croat Britain in tho lower part of the Middle Coal Measures, for example,
the Amman Marino Hed in South Wales, which can be traced over a
wide area and has been of groat economic importance in correlating strata
in that portion of the sequence. Some of the other marine beds in the
lower part of the Middle Coal Measures are only of limited extent, and
although they may he useful in identifying a seam in any partiijular

(‘oalfield or a part of a coalfield, they cannot bo used lor correlation over
considerable areas. Very important marine beds, however, occur near
the top of the Similis- J^ulchra Zone of Davies and Trueman in all the

coalfields in Great Britain where tho sequence is known, and similar marine;
beds occur at comparable horizons in Franco, Belgium, Holland and
Westphalia.

Naturally, owing to the scarcity of marine beds in the mam portion
of tho Coal Measures and their complete absence in the uppermost measures,
and especially owing to the rarity of cephalopoda, marine beds cannot be
nsgarded as ideal fossils for zoning Coal Measure rocks, although they
afford the most useful datura pianos for wide-scale correlation aiwi can b(*

used for (jhecking conclusions based on other fossils.

Fossil FUtnls.

Let us next consider the evidence afforded by fossil plants m (1)

identifying coal seams, and (2) for zoning Coal Measure strata.

(
I )

The Value of Fossil Plants for identifying Coal Seams .

—

() In tho first instance there are the petrifactions found m thi;

coal -balls (calcamous concretions found in certain seams with beautifully
])r<»s(*rved masses of vegetable material). Those coal balls are restricted

to a few seams in the Lower Coal Measures of Lancashire and Yorkshire,
but they also occur at a comparable horizon in Holland, Belgium and
Westphalia. However, in this case the evideiu^e provided by a study ol

t ho petrifications simply supports the identification of tho seams based on
the presence of the balls in the seam and on the the marine character of

the roofs of the seams with their bullions and peculiar marine fossils.

() It has been found that most coal seams contain certain plant

-

spores which characterize them and which distinguish them from of-htu'

seams. While certain spores may be common to several seams, them art;

usually a few types found only in one seam. Thiossen and his co-workors
in America, Lange in Silesia, Dr. Slater, Miss Evans and Miss Eddy and
Dr. Wray in Britain have correlated seams based on their spore-content.
Their work has been chiefly based on the observations of microspores and
more particularly macrospores in thin sections of coal. More recentlj^

Dr. Kaistrick has caiTied out laborious and detailed researches on the

([uantitative analysis of microspores foimd in the various seams, and in

this way he has been able to correlate seams over a considerable area in

Northmnberland and Durham. In my opinion, caution should be observed
ill identifying seams purely on the quantitative spore-content, especially

seanis in widely separated areas. We do not yet kiow enough about thi;

parent plants of the spores, and the variation in the spore crop may be
due to local associations in the coal forests.

(c) The evidence affprded by the fossil plants found in the roofs of

coal seams (incrustations, impressions) has been used in the identification

and correlation of coal seams. Their use has been criticized on the

following grounds: (i) their fragmentary character, (ii) they represent
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drifted material, (iii) they are rare as fossils at many horizons, (iv) there

is no marked change in the species of plants in passing upwards through
the Coal Measure rooks. In spito of the fact that plants are fragmentary
and that they usually represent tlrifted material, they represent in fair

measure the flora at the end of the forest period and they can tell us a
great deal about the flora of the period. Plant impressions are unques-
tionably rare at some horizons ; nevertheless they occur in great abundance
at others, and even when they are not plentiful they often throw a great

deal of light on the position of the beds in the sequence.
I must admit that 1 was rather pessimistic about the utility of these

fragments until I proved that, with a knowledge of the floras found in

their roofs, 1 could trace certain coal seams over a distance of 20 miles.

The most convincing proofs of the value of these impressions has been
brought home to mo through my good fortune in having opportixmties to

collect plants in several coalfields in Great Britain and in France^*Germany,
Belgium and Holland.

When using plants for correlating coal seams, the composition of

the whole floral assemblage should be considered and much attention

paid to the occurrence of rare species. Several species range through
hundreds of feet of strata, and these are frequently amongst the com-
monest fossils in some assemblages, for example, certain species of Catamites

and Stigmnria. Naturally these plants cannot be used for zonal purposes,

yet the presence of a number of fairly long ranged species may occasionally

assist one in identifying a seam over a small area, for example, masses
of Sigillariophyllum in the roof of the Gower Lynch Seam. As in the

case of quantitative methods used m the microspore analysis of a seam,
so there is a danger in using a purely quantitative analysis of the frag-

ments of iilant impressions found in the roofs of coal seams. It is difficult

for instance, to say how many Ncuropferis pinnules should bo the equivalent
of a Catamite stem, and therefore it may bo impossible to estimate the

poroontagos of the plant s m the assemblages.

(2) The Value of Plants for Zomng Coal Measure Strata .

—

As a result of detailed studies of the plant impressions wo know that
the floras of certain periods of Coal Measure times wei*o remarkably similar

in widely separated areas from America to the Donotz basin, anti that the
floras changed in cliaracter by the evolution of new forms and the dis-

appearance of others at successive horizons (this has boon verified in
Great Britain by the work carried out along different lines by Dr. Kaistrick
and others). The floras become richer and mtire complex as we proceed
upwards through Coal Measuix^ rocks, and they are especially varied in
the Middle Coal Measures, where the maximum number of species are
recorded. Although the floras were remarkably uniform, yet wo know
that plant associations existed, governed, may be, by physical conditions
or centres for dispersal of new species; there are plants found in North
America which are unknown m Britain and vice versa, while there are
fewer differences between the floras of South Wales and the North of
France. Such plants, however, as Pecopteris aspera and Pecopteridium
defrancei occur in particular beds in France, but are unknown in Britain,
while Lonchopteris rugosa is abundant at certain levels in Holland, Belgium,
and in Westphalia, and is common at only one locality in the Bristol
Coalfield in Idtritain.

The utility of fossil floras for subdividing Coal Measure rocks has
been recognized for a very long time by workers such as Zeiller, David
White, and more recently by Gothan, Kenier, Jongmans, Bertrand,
Zalessky and Dairah. In this country the great pioneer work on the
stratigraphical aspects of palscobotany was carried out by Kidston.
Arber also contributed much on this subject. Kidston recognized a
succession of different floras in the Coal Measures, and suggested the
following classification in 1905;

—



Part I

V

—Discussions

.

193

Upper Coal Measures Radstockiaii Series
Transition Coal Moasui’es Staffordian Series
Middle Coal Measures Westphalian Series
Lower Coal Measures Lanarkian Series.

Later he subdivided his Stadbrdian and lladstockiau Series. Unfor-
tunately Kidston had little knowledge of stratigraphy, and as a result
he attributed floras to the wrong portion of the sequence. I believe
that he realized many of liis mistakes before ho died, and that, had he
lived a while longer, he himself would have redescribed the succession
of floras foimd in our Coal Measures. In recent years much more informa-
tion has been obtained concerning tho floras of the Coal Measures through
the lesearches of Dr. R. Crookall, Mr. W. D. Ware and others, and they
have assisted me from time to time in my work. It has been shown that
the Upper Carboniferous of the Swansea area of tho South Wales Coalfield
can be subdivided into nine floral zones, indicated below. These floral

- zones can be traced into other areas in Britam, and, moreover, they com-
pare closely with tho floral divisions recognized on the Continent and m
North America.

FLORA T Zone «)f Pecopteris (Asterothoca) lamurensis
Acitheca polymorpha
Dieksonites pluokenoti
Mixonoura (Odonfcopteris) sp.

Alcthopteris grandini
Sphenophyllvmi oblongifolium

FLORA JI Zone of Mixoneura (Neuroptons) ovata
Neuropteris scheuclizeri

' Neuropteris flexuosa
Odontoptens hndleyana
Alothoptens serli

Asterotheca arborescens
A. miltoni (Pecopteris abbrovkrtTa)

Sphenopteris neiu’opteroides
SphoiK )pfcoris mac ilenta
Diplotmema geniculatum
Sphenophyllura emarginatuin
^Anri ularia ste 1lata

FLORA G Zone of Neuropteris rarinervis

Neuropteris luiguajfolia

Linopteris miuisteri

Marioptoris sauveuri
Mariopteris latifolia

Sphenopteris striata

Renaultia chaerophylloides
Asolanus camptotaenia

Marked Change m Flora

FLORA F Zone of Neuropteris tenuifolia

Neuropteris callosa

Asolanus camptotsenia
Lopidodendron simile

13



194 TweMy-fifth Indian Science Congress.

FLORA E Zone of Lonchopteris rugosa
Neuropteris gigantea
Sphenophyllum myriophyllum
Sphenophyllum majus
Amiularia microphylla
Spheriopteris spj).

FLORA D Zone of Alethopteris lonchitica

Neuropteris heterophylla

FLORA C Zone of Neuropteris schlehani
Lyginopteris hoemngliausi

FLORA B Zone equivalent l.o the Pecopteris aspora zone
of the North of Franco

FLORA A Zone of Lyginopteris stangeri

Alethopteris cf. parva.

In using fossil plants to divide the Upper Carboniferous rocks into

zones sutiiciontly thin to be of real value in correlation, attention must
be given chiefly to those species witli short ranges; frequently these

species are rare except at a few horizons, and, since their distribution

IS incompletely known, the iimcise boundaries of certain of the zones
cannot bo definitely fixed. The boundaries of most of these zones must
be regarded as rather indefinite, and further research may lead to slight

modifications of some of them.
Those broad subdivisions based on the distribution of the plant

impressions agree very closely with those established by Trueman and
other workers on the non-marine sheila and by Bisat on the marine faunas.

In concluding one would like to express a word of warning to those*

who expect too much of the fossils, especially from the point of view
of correlating coal seams. The evidence aftordod by the fossils is invalu-
able to the mining engineer and geologist, but it is necessary to recognize
their limitations. Odd shells, or individual plants, or foims of no diag-

nostic value can seldom give the answer to the problem. Some seams can be
correlated over wide areas, but there are many which are of limited extent,

and owing to the variationm the character of the Coal Measure strata cau-
tion should be observed m attempts to correlate too many of our coal seams
over considerable areas. Perhaps the scepticism whi(*h is expressed by
some geologists concerning the utility of these fossils for correlation
may be attributed to the economic value of coal and the fact

that subsequent mining operations can always prove whether the
answer given by the fossils has been correctly interpreted or the con-
trary. It IS possible that such fossils as the graptolites of the Palseozoic

or the echinoids of the Cretaceous might risk the reputations attributed
to them if boreholes and sinkings in quest of economic wealth were put
down at more frequent intervals in the strata in which they are found.
Nevertheless, it has to be admitted that palaeontological evidence is more
reliable than lithological data for correlating the Coal Measures or any
other strata; and that what Prof. W. W. Watts has recently termed
‘ the great principle of the identifications of rocks by fossils, on which are
built the widest generalizations of geology’ is as triumphantly vindicated
by the fauna and flora of the Coal Measures as it is by the fossils of other
ages.
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14. Db. Rajnath of Benares and Pbof. W. G. Fearnsides of
Sheffield also spoke.

15. Pbof. B. Sahni, Lucknow.

Concluding Rcmarkfi,

More than one contributor has ii'ferrod to possible' dmcrepaneu^s duo
to differing rates of evolution in plants and in animals. The rate of
evolution is a question of such baffling complexity, w ith so many inter-

locking factors which defy analysis, that I hesitated to venture ujion a
discussion of this aspect.

Does palaeontology teach us that in the course of geological time
plants as a class have evolved at a diffenmt rate from annuals ? If so,

have the one or the other class of organisms consistently involved at a
faster rate, or have plants sometimes evolved faster and sometimers slower
than animals ? The vif'w has boon expressed by Dr. Stanton (p. 172) that
‘modem types w^ore introduced somewhat earlier among plants than among
animals’, and that ‘therefore, in America at least, the boundaries between
systems and other major geologic divisions when based upon the planl-

remains are often placed somewhat lower than the faunal evidiaice would
indicate’. On the other hand, it has boon suggested by Professor
(’ockerell (p. 174) that animals evolve more rapidly than plants. Can
either of these statements bo made to apply generally, or do they refer

only to mstricted groups, areas and periods ?

Much recent work tends to show' that the rate of evolution is not a
specific quality predateniiined and fixed for each plant or animal but is

influenced by the environment in the widest sense. This may bc' taken
to include changes in the soil and climate, as well as those in the biotic

factors such as the interdependence of plants and animals, competition
within and between species, natural hybridization, etc,, et/c. This being
the case we may conclude that the pace of evolution must have varied lu

a complex manner even within narrow circles of affinity and in both
space and time. Some groups may, while others may not, have altered

their previous rates of ev^olution, and this change may have occurred in

restricted areas only. If tliis was so it is clear thaf^ we cannot always
speak of a given species (and much less of a given group) of plants or
of animals having altered its rate of evolution, because the group or the
species may have been distributed over a larger area than that where
the enviromnont midorweiit change.

It is almost a truism to say that evolution must be slowerm a relatively

static environment, e.g. in the middle of large climatic areas, and faster

in dynamic environments such as the sea-coast or along the fringes of

climatic zones like the Sahara and the glaciated regions. The recent
observations of Hagt'rup, Tischler, Miintzing and others boar eloquent
testimony to this. Apart from the direct effect which has been experi-

mentally proved of the temperature and other factors in producing poly-
ploid and other mutations, there is, along those borderline regions, more
conflict and competition, and a wider scope for hybridization.

The greater mobility of animals might at first seem to suggest that
they should be loss readily adaptable than plants. Because plants

move more slowly it might be thought that they must more often perish

than animals in an adversely changing envkonment. But it appears to

me that there is a fallacy here. Except in the case of local cataclysms
(which cannot be of any significance in this connexion) the rate at which
an environment undergoes change is probably never so rapid that, while
the animals inhabiting an area can easily migrate, the plants must either

perish or eke out a precarious existence with the possibility of getting

acclimatized. 1 think we may take it that in plants, as well as in animals,
there is a constant centrifugal urge along the fringes of the areas of dis-
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tribittion. The seeds of plants are usually already spread beyond the
normal distribution amaH of the species. Their failure (under static

conditions) to extend the distribution of the species is not due to non-
arrival but to non-survival of seed beyond the noimal area of distribution.

But when the environment (say, the climate) undergoes change these
seeds would bo able to germinate and the border lines of distribution
would be adjusted accordingly.

Thus we may conclude that the rate of horizontal spread of species

is always faster than the rate of movement of any large environmental
change. Hence it would seem that for purposes of effective migration
plants, although less mobile in the ordinary sense, are probably not
slower than animals.

From what I have said it seems that we cannot speak in general
terms about plants and animals as a whole evolving at different rates.

Nevertheless the local preservation of residual forms may tend to cause
slight discrepancies. Such forms therefore deserve special attention.

Koferring to Mr. Crookshank’s remarks, I am glad he also thinks
that Dr. Spatli is not justided in extending to the Bajmahal flora in Behar
the conclusions he has drawn from an examination of the Madras Coast
ammonites. I may, however, be forgiven if I find it difficult to endorse
Mr. Crookshank’s palssobotanical reasons for this view. My difficulty is (as

T said in my opening remarks) that we do not yet know enough of the
Jabbalpur and Umia floras to bo able to make any helpful comparisons
with the Bajmahal flora, which is now fairly well known.

The modem tendency in palasobotany is not greatly to reduce the
number of species based upon leaf impressions, as Mr. Crookshank believes,

but, I fear, it is just the reverse: with intensive work on the cuticles and
fertile parts of these leaf ‘impressions’ the number of species is steadily

inomiting up. The specific instance of Piilophyllum acuHfoUum chosen
by him is particularly unfortimate because it is just here that recent
work has helped to split up that ‘species*. The name P. acutifolium^ was
formerly applied in a comprehensive sense to a number of different types
of cycadean fronds which were grouped together merely on grounds of
convenience.

XXXT. THE ABSORPTION OP SALTS BY PLANTS.

(Sections of Botany and Chemistry, in co-operation with the Society

of Biological Chemists, India,)

Pkofe. V. H. Blackman, London, presided, and Pkof. P. Pakija,
Cuttack, opened the discussion.

1. Paor. P. Pabija. Cuttack.

Opening Bema/rks,

The problem of absorption of salts by plants is ofsuch great theoretical

and economic importance that no justification is necessary for the choice

of this subject for a joint discussion. On behalf of the President of the
Botany Section I have the honour to invite the distinguished scientists

present here to discuss this very important problem in all its aspects so

that scientific workers in pure and applied plant physiology all over the
country may get light and guidance in their further search for knowledge.

As a humble student of plant life, I can only put before you some
points which may serve as the nuclei for discussion.

Salts, or should we say ions, are absorbed by root hairs, rhizoids or
other absorbing organs. Any factors which will affect the growth of these
absorbing structures will affect the absorption. Thus, for example, 0*3%
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NaCl wiU produce an average root hair length of 30 as compared to 6 in
KN08 of the same concentration while Boric acid (0*02%) will produce
45 in mustard. Other external factors will also influence aVjsorption.

Apart from these, the living cells do manage to take in and sometimes
accumulate ions inside them (case of Valonia by various authors) in exceSvS

of the outside concentration.
There are various aspects of this problem. I want to invite your

attention to only a few points which I think deserve more consideration
than they have received.

In absorption of salts, the surface cells of the absorbing organs, be
they roots, haustoria or submerged organs of water plants, are all import-
ant. It is taken for granted that the walls of these colls do not play any
other part except exerting what is known as the wall-pressure when the
cells are turgid. That is to say, the cell-wall only plays a passive r61e.

Now the cpiestion is whether the cell-wall is really passive. The cell-

wall is after all a colloidal sheath and as such its physical condition is

subject to modification according to the constituents of the solution
that bathes it. What part do these modifications play in the process of
absorption ?

The Cell-Wall—not homogeneous. In cross section various striations

are visible, sometimes quite easily. Kerr and Bailey point out that even
the middle lamella consists of three layers. Stratification, according to

the micellar theory, is the result of the arrangement of micella'.

The most widely held idea is that the micellte are crystalline ( Prey,
Wyssling, Meyer, Herzog and Clark) and those submicroscoi)ic micella'

are packinl, so to speak, in a hydrophylic colloid.

Thus apart from the larnellation which one sees in the cell-walls of
algaj, there is heterogeneity <'veu in each lamella and the intennicollav

spaces are liable to alteration and thereby increase or decrease the per-

meability of the cell -wall (Gurowilsch).

If this is true of cell-walls of absorbing organs then do these various
interfaces have any influence on the absorjjtion of salts ?

Is the cell-wall really passive? Some workers like Lloyd have
doubted this especially in the case of alga).

They even go so far (Lloyd and Ulehla in Postehia Crammer) as to

regard the cell-wall as a living structure subject to irreversible changes
like death. Moi*e attention must be paid to the cell-wall than has hitherto
been done.

There is another point with regard to the coll-walls which deserv’^es

attention. We are apt to leave out of consideration the gelatinous sheath
of the walls of many absorbing cells (e.g. blue-green and green algfp).

Again in the lamellatod cell-walls, such as one finds in some alga',

the interfaces between the lamella) may not be without influence on
the absorption.

(1) One is confirmed m one’s doubt as to the passivity of the cell-

wall, when one remembers how intimately the cell-wall and the plasma
membranes are connected and the influence which different salts and their

concentrations have on the development of the root hairs.

(2) We have next to turn our attention to the all important plasma
membrane. The plasma membrane is admittedly a colloidal mosaic of
proteins and lipoids. The unidirectional growth of root hairs indicates

that the plasma membrane is not of uniform composition all-round the
piliferous cell.

Plasma membrane .—Passing from the cell-wall, one comes to the
all-important plasma membrane . This membrane is admittedly a colloidal

mosaic of protein and lipoids, which is not of uniform composition all-roimd
the absorbing cell, as shown by the imidirectional growth of root hairs.

This membrane is closely adpressed to the cell-wall. As we have seen
before, the ceU-wall is traversed by transverse submicroscopic passages of
hydrophilic colloids. Whether these colloidal passages are ramifications^

of the plasma membrane as some people think ?
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Tf is 80 , then the real region of study shifts from the plasma
iiu^mbraiio to the surface of the cell-wall. That there is intimate con-

nection between cytoplasm and the coll -wall is shown sometimes at

sudden plasmolysis where strands of cytoplasm are tom out.

If these hydrophilic colloids are not continuous, then what part do
tliey play in the passage of salts?

Energy must be expended to maintain the colloidal complex con-

stituting the plasma membrane in efficient condition. The fact that the
root hairs in higher plants grow, live and die means that this necessary

energy supply somehow fails or possibly the very salts which are absorbed
in the process of absorption bring about an iirevorsible change in the
colloidal C5omplex, thus bringing about death.

(3) The next point to be remembered in a multicellular organism is

the correlation between the surface cells and those in the interior.

LiTEBATUBE CONSTILTEn.

1 . Anderson, Donald 15.— The structure of the walls of the higher plants.

The Botanical Review^ Vol. 1, p. 52, 1936.

2. Curtis, Otis F.— The translocation of solutes in plants, 1936,

3. Mason, T. (I. and Phillis, E.—^The migration of solutes. The Botanical
Review^ Vol. 3, p. 47, 1937.

4. Ostorhout, W. J. V. —The absorption of electrolytes in large plant
eells. The Botanical Review^ Vol. 2, p. 283, 1936.

6. Zirklo, Conway.—The plant \’acuole. The Botanical Review^
Vol. 3,

p. 1, 1937,

2. Mb. B. Sen, Calcutta.

Living proioplamr} and the plasma membrane

,

The quantity of salts absorbed by plants can be followed accurately
by measuring under controlled conditions the diminution of solute

concentration of the culture medium. But when we consider the
mechanism involved in this process of absorption, we have to struggle

more with theories than well-established conclusions.
The epidermal cells of the absorbing tissue are the primary units

through which absorption of salts takes place in plants. The cell-wall is

now generally accepted as freely permeable to both water and solutes ;

it is the plasma membrane of the cell which functions as the selective

barrier for all entering ions. Therefore the plasma membrane is the
most important determining factor involved in the process of salt

absorption by plants.

The most recent general discussion on the subject of the ‘ Properties
and Functions of Membranes, Natural and Artificial * {Trans. Faraday
^oc., 1937, 33, pp. 911-1148) has reminded us, however, that (i) most
of the problems concerned with the structure and functions of the plasma
membrane still remain unsolved, despite several very suggestive theories
advanced and many admirable models devised ; and (ii) more definite
information about the nature of living protoplasm itself is badly needed,
before further speculations can become really fruitful. Conclusive
experimental data about the most elementary physical properties of
protoplasm are surprisingly meagre and often contradictory. It is now
generally accepted that protoplasm is a colloidal complex, but agreement
IS lacking as to whether it is a suspensoid or an emulsoid. Similar
disagreement is to bo found regarding its viscosity, that is, whether proto-
plasm is a sol or a gel. The very existence of the plasma membrane
as a distinct morphological entity is still being questioned by some.

Elsewhere (Sen, B. 1934, Ann, Bot., 48, 143-61; 1937, Ind, Jour.
Agri. Sci.. 7, 479-485) the writer has enumerated the difficulties inherent
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in experimental observations on living protoplasm, as also the special
facilities which root hairs of Azolla pinnata afford for ultramicroscopic
observations on living protoplasm. An Azolla root hair is praotic^y
a cellulose capillary filled with transparent protoplasm. For the present
discussion, the results of my observations on living protoplasm and the
plasma membrane may be summarized as follows :

(1) The ultramicroscopic picture of living protoplasm of Azolla
root hairs shows bright particles in vigorous Brownian movements.

(2) The colloidal particles of living protoplasm of petiole hair of the
stinging nettle {Urtim dioica), root hairs of Azolla^ tubes of germinated
pollens (unpublished data) of Sweet Peas {Lathyrus odornttut)^ Petunia,
and Madonna Lily {LUium candidum) are negatively charged, as found from
their cataphoretic migration. This charge remains negative as long as
the protoplasm maintains its living structure.

(3) Bivalent cation h, in isotonic concentrations, when injected by
micro-pipettes or introduced inside the protoplasm by the Increased
Permeability technique, induce irreversible flocculation. Ca and Sr
exhibit specific reactions not shared by Ba and Mg.

(4) The viscosity (unpublished data) of Azolla root hair protoplasm,
as determined by camera lucida tracings, on a uniformly moving horizon-
tal plate, of Brownian movements of single particles, is found to be of
the order 3 to 4 times that of water.

(5) The dispersion medium of the living protoplasm of the different

cells investigated, appears to be an aijueous solution, and the imrniscibility

of protoplasm and water is due to the presence of a membrane. When
this membrane is tlostroyed, the protoplasmic mass diffuses freely in

water and aqueous solutions (unpublished data).

(6) The morphological existence of a plasma membrane, differing

in chemical composition from the bulk of the protoplasm, has been
demonstrated (unpublished data).

(7) The normal plasma membrane of Azolla root hair and also

membranes formed round beads of protoplasm of plasmolyzed hairs

show similar reactions to different cations, and the permeability of both
increases when they are effectively stimulated by an induction shock
(unpublished data).

These data indicate that, at least within the visible limits of the
ultramicroscope, the protoplasm of the colls studied exhibits more of
the properties of a susponsoid than of an ernulsoid.

3. D». S. RANJA.N, Allahabad.

The subject f>f salt intako by plants is a very vast one, presenting many
aspects for consideration. The entrance of salts is influenced by various
internal and external factors. There is also evidence to believe that
the absorption of salts is not only intimately connected with the nature
and composition of salts but also with those of the living protoplasm.

Thus the problem of salt intako is more to be looked at from the
physiological point of view than from the purely physical. The older

theory that inorganic salts enter plant cells in the dissociated or ionic

state only is quite untenable in view of the works of Irwin, Osterhout
and others which indicate that in certain cases at least compounds in

the undissociated form have the power of entering the cells. It is

generally thought that the entry of salts is made possible because of
concentration gradients—salts diffusing from the medium of higher

concentration to one of lower in respect of these salts. It is contended
that the concentration of soil solution in respect of these salts is higher
than that of the cell sap. But such a condition cannot exist indefinitely

unless the salts entering are translocated away or are somehow rendered
osmotically inactive ; otherwise sooner or later a state of balance will

be attaint. Moreover it has been definitely proved that Chara and
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NUeVa cells have the power of accumulating certain salts in concentrations'
higher than those in the external solution.

Breazeale postulates that it is the colloidal particles of the proto-
plasm with a definite electrical charge that are instrumental in effecting

entrance of salts. The charge is transferred from its place of origin to
the epidermal cells of the roots where it must be satisfied ; therefore the-

oppositely charged particles must be absorbed. It must be noted here
tliat colloids are heterogeneous systems of unstable equilibrium, the
particles being dispersed in the suspending liquid because they carry the
same electric charge. The effect of ions on the colloids is to disturb their

electrostatic equilibrium. It is, therefore, not difficult to imagine a
complex system of anions and cations within the plant cells which operate
in such a way as to effect the entrance of salts or rather dissociated salts.

It is also quite conceivable that protoplasmic rotation may have^
something to do with the intake of ions. Lapique considers that by
rotation each portion of the protoplasm of the cell is alternately brought
in contact with the external solution and the vacuolar sap. It is well-

known that proteins, one of the constituents of the protoplasm, are

amphoteric compounds and on the acid side of the iso-electric point
combine with anions and on the alkaline side with cations. It therefore

seems that the absorption of ions is a function of the protoplaam itself

through its constituent proteins. The work of Pearsall and Ewing lends

weight to such a conception of ionic intake. The intake of salts or ions

is therefore a direct metabolic phase of the living cell—accumulatioix

being effected at the expense of metabolically derived energy. The
conception of cell-colloids as having to do with the absorption of ions

might possibly be correlated with the absorption of nitrate and ammonitun
nitrogen. It has been contended that those two forms of nitrogen ai*e

absorbed at different hydrogen ion concentrations of the medium. This
suggests that the cell-colloids are oppositely charged at; the time of the
intake of these two forms of, nitrogen respectively. Thus there is

evidence to believe that nitrate nitrogen is absorbed at a relatively high
concentration of hydrogen ions—^probably in the neighbourhood of

pH5 , while ammonium nitrogen is taken in at a lesser acid or even
alkaline reactions.

4 , Prof. H. Blackman, London.

The view I wish to stress is that the absorption and accumulation
of salts by plants is a dynamic process, not a question of equilibria. Work
must be done to attain a higher concentration inside the cell than without
it. Wo know that certain plant cells such as hairs can secrete almost
pure water from a concentrated cell sap. Similarly the kidney secretes
weak salt solution, the urine, from a strong salt solution, the blood. Work
must be done in these cases and the energy for that can como only from
metabolic processes.

The absorption of salts by plants cannot be explained by passive
models of membranes with certain permeability characteristics. Such
models simplify the problem so that it has little relation to reality.

The work of Steward with potato slices has shown that absorption
is closely related to aeration and to the rate of CO2 output, i.e. to rate
of respiration. This clearly demonstrates the relationship of accumula-
tion of salts to the rate of metaboUsm.

Tissues such as bulb scales and the fiesh of the apple fruit have
no power of growing and dividing and fail to accumulate Br. from Pb.
Br. even under favourable conditions of temperature and aeration. Such
tissues produce CO2 but do not accumulate salts yet in the Osterhout
model the exit of COg is an essential part ofthe mechanism ofaccumulation
of potassium. Again, NUella and Elodea in the light actively accumulate
the bromide ion yet CO2 is not passing out but entering the cell.
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Uptake of salts must be studied in relation to the whole cell, not merely
ill relation to the cell wall or to the protoplasmic living layer. The
problem is not yet in a state of development suitable for chemical or
physicochemical analyses.

6, Ub. B. N. Singh, Benares.

The phrase ‘ absorption of salts by plants * may easily imply a range
of investigational activities entirely too broad to be discussed in a single
discourse specially one so strictly limited as to its length. In a study of
the mineral nutrition of a plant there are many factors which must be
considered for the intake of nutritive elements involves complex chemical
and physical processes. It has become evident during recent years that
the absorption and accumulation of elements by the plant cell in the
course of their normal nutrition involve processes which may easily escape
proper study in so far as most investigations on permeability of coll mem-
branes are concerned. The investigator of the permeability of plant cells

is often constrained to employ highly artificial environmental conditions
(high concentration of solutes, use of solutes foreign to the cell, unsuitable
conditions of light or aeration, etc.), or to work over very short periods of
time. Investigations of such nature have their own limitations and
hardly serve to elucidate the gradual intake of electrolytes by the growing
or actively metabolizing plant.

Much work has boon carried on covering several years on the intake
of certain more important oloments and it is now definitely indicated
that of all elemeiita potassium has been universally found at concentration
in the cell sap much higher than that in the external solution. The
evidences colU^cted during the past ton yt'ars on the a}>sorption of tins

t'lement by apparently closely related and similar species and varieties of
cTop plants chiefly of the Graminefc order, when grown in culture media
of similar mineral constitution, indicate how widely the rate of absorption
differs with the variety as well, and in certain cases with the individuals
of the same variety. Evidently highly generalized statements with regard
to the physical chemical properties of tlie different chemical elements in

relation to their intake by plant cell must be made with caution

.

Among the factors that vitally determine • the absorption of salts

from liquid media, the aeration of the solution has been shown to be
most important. While conducting a series of very carefully controlled
studies on the absoiption and accumulation of certain elements, it has
been definitely shown that the respiratory activities of the root colls

are indispensably involved in the process of accumulation. Significant

differences in the rate of absorption in different varieties of the same
plant did not occur except when the medium was suitably aerated. Under
conditions of proper aeration favouring optimum respiration of the delicate

rootlets and root hairs striking differences were obtained. In all these
experiments aeration of solution did not merely caiTy away the CO2
evolved by the roots hut also supplied oxygen for proper respiration.

Maximum accumulation of electrolytes was attained under those condi-
tions which provoked maximum aerobic respiration of the root. Excised
roots of these very plants too show but little or no power to accumulate
electrolytes under non-aerated conditions whereas under proper aeration
seedlings accumulate these ions very rapidly. In all such cases it has
also been marked that the metabolic state of the roots as determined by
culture conditions existing previous to excision is also of great importance.

It has further been demonstrated that while the absolute amount of
solute absorbed by the plant increases with increasing concentration of
the solute in the extern^ solution, the amotmt absorbed relative to the
external concentration nevertheless decreased rapidly from the lowest
concentration upwards. When the external concentration of the solute is

low the absoiption rates become more than unity, while imder high external
concentrations, the absorption rate is always less than unity.
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The degree of absorption depends not only on the concentration of

the external solution but also upon the nature of ions absorbed. Thus
the absorption of nitrates cannot be considered independently of the

absorption of cations inasmuch as their effect on such plant characteristics

as protein content of wheat are concerned. The quality in protein is

Itnown to vary with the character of tlie culture media, the nature of
nitrogenous salt supplied and particularly the concentration of the nitrate

ions in the medium as expressed by the results of extreme conditions of

no nitrate on the one hanrl and ample quantities of nitrogen salts on the

other.

The reaction of the solution is another important factor in the

absorption of salts. Investigations in this regard have shown that for

each species and variety of the crop plants there is a specific range ofpH
at which optimum absorption takes place. Toxicity is morb likely to

occur if in spite of other favourable conditions the acidity of the sap is

not maintained within certain range of the optimum for the species.

Light has particularly been shown to influence the intake of K and
N ions. With increase in either the intensity or the duration of artificial

illumination, it has been foimd that wheat plants grown in water culture

accumulate more of these ions. Above a certain range of intensity and
•duration the reverse effect is clearly noted. This indicates how a purely
external factor has influence on the absorption of the simple inorganic

•entities.

Temperature of the medium too introduces significant differences in

so far as the total quantity of solutes absorbed by the plant is concerned.
I’hus in three series of cultures of wheat grown at 45, 35 and 30®C., respec-

lively it has been shown that the total ash content after a period of 45
•days increases with the increase m the temperature ol‘ the culture from
30 to 35°C., and later exhibits a marked decline. This optimum tempera-
ture was found useful for all studies on absorjition.

Humidity of the atmosphere has also been found to greatly regulate
the intake of solutes from the soil but it cannot be said with certainty
whether it has any direct effect on the intake of solutes. When grown
in an environment with humidity above 75% wheat plants failed to
absorb as much of nitrogen from the medium as under relatively drier

atmospheres (50% humidity). Such variations in the absorption rate
are correlated with the transpiration values under the two conditions but
it cannot be vouchsafed f<)r the pre.sont that the evaporation of water
from the plant has any direct bearing on the rate of absorption of ions.

Of special interest in this connection is the relation between the
intake of solutes and the metabolic needs of a griiwing plant. The data
collected in this connection indicate that in a majority of cereals and few
other plants, the absorption of soil constituents is characterized by three
distinct phases, co-extensivo with the more important stages of vegetative
development. The first of these covers a period of progressively increasing
rate of absorption enfling about the time the heads begin to form. At
this time it is frequently observed that the absolute amount of potassium
and nitrogen contained in the plant approach the magnitude present at
•complete maturity. The beginning of the second phase is indicated not
merely by a decreased rate of absorption but by definite and substantial
losses of certain constituents notably potassium, nitrogen and calcium
from the portions of the plant growing above the ground and presumably
i’rom the entire plant. The loss is more or less concurrent with the
migration of the same constituent into developing heads. The end of the
second pliase is characterized by a tendency to absorb again the .soil

constituent previously lost. This may result in taking up considerable
quantities of these elements when the plants are large ai^ well developed.
The third phase occurring at the time of the ripening of the grain is marked
by a practically complete cessation of absolution of all constituents and
an actual loss of most of them.
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While such cyclic variations in the absorption rates of certain elements
characterize different species and varieties of plants experimented upon,
it may incidentally be remarked that specially in soil and sand fertilizer

cultures, the losses of potassium and nitrogen at certain stages of the life

cycle occur when the constituent of the water extract of the soil were at
or approaching their minima and when the same constituents were moving
from leaves to the heads. Much, however, depends upon the specificity

of the plant material, the specific needs of the plant at various stages <)f

growth and development, and the relation which the process of absorption
might have with other metabolic activities of the plant

.

Attention may specially be recalled at this stage to the characteristic
relation between the age-factor and rate and order of absorption of ions
on the one hand, and the relation between the intake of certain elemimts
•specially potassium and calcium and the photosynthetic elliciency of
plants on the other. WJiilo the ions in case of one single species are not
absorbed at the same rate and in the same order at .successive stages,

there does seem to exist some correlation between the quality of these
absorbed and the specific metabolic rate. Thus a higher rate of absorption
of potassium and calcium has always been shown to be associated with
a higher rate of photosynthesis and vice versa.

The phenomenon of the relative intake of nutrient elements from
culture solutions is further complicated by the antagonism between
different ingredients, the unequal absorption of component ions and the
selective absorption of these ions by the species under consideration. In
<50iisidoring this aspect, however, wo cannot but take into consideration
the quality and state of protoplasm more particularly the amphoteric
nature of plant proteins, the biochomic constitution of the species, and
the nature of the particular stimuli—^physical, chemical or mechanical,
the effect of which is being investigated.

The whole question as a matter of fact remains yot to be carefully

analyzed and unless large amount comparative data under different

conditions and stimuli! specially from water culture experiments, sand
water culture, soil pot cultures, field experiments and so on, anrl under
as many different combinations of factors as practicable are available, it

is rather difficult to arrive at any definite generalization. Strictly con-
trolled experiments with a parallel study of the different plant processes
directly bearing upon the question of absorption of salts might also aid
in solving the still little understood processes connected with the intake
of ions by plants. It is also desirable to call attention to the extensive
investigations of Mason and Maskoll. Tliey suggested that re-export
towards the roots of ceitain elements via the phloem may have a bearing
on the rate of absorption of such elements by the root cells. The relation
or lack of relation between transpiration and absorjition ofmineral elements
is also thought to be involved . The absorption of these elements may thus
involve problems of plant anatomy as well.

Summarizing the whole question it may be remarked that tlie

mechanism of living colls involved in the absorption of salts, which is

undoubtedly c)f exceedingly great intricacy, has not yot been disclo.s<‘d

through any direct experimental approach although we have before us
many of the suggestive explanations of the phenomenon put forward by
various workers fi*om time to time. Among the theories advanced during
tho past few years mention may be made of the ionic exchange theory of
Tlrooks and liriggs, Osterhout’s conception of undissociated molocuk's
entering the root cells, Broazeales’s theory of j>hysical absorption, tho
epiotesis theory of Lapique, etc. Tho conception of a simple Donnan
equilibrium too is inadequate to explain the phenomenon of ionic intake
since the interior of plant tissues is known to comprise a number of phases
each of which may be in Donnan equilibrium with the external solution
and under which circumstance product of the apparent internal ionic

•concentrations resulting from the total effect of all these phases is shown
to be greater than tho external product. Not entering into the relati\’e
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importance of these results and others each of which have their own
limitations, it may be of use to remark that studies on the absorption of
salts by plants grown on natural soils, particularly those yielding good
crop, have important applications in investigation for determining the
conditions for optimum growth by means of sand and water cultures;

for while the amount of a given constituent absorbed does not necessarily

indicate the quantity essential to proper development, fluctuations in
the rate of absorption may be expected to reflect, at least to a certain

extent, the nutritional peculiarities of the crop and serve as a guide in

reguhtting the concentrations and amount of solutes at successive stages

of growth.

6. D». V. Subrahmanyan, Bangalore.

Influence of the soil on the absorption of salts by plants.

I wish to confine my remarks to just one aspect of the subject which
is important from the agricultural point of view, viz., the influence of
soil on the availability of salts for plant nutrition.

A very large part of the literature on the subject of salt absorption
relates to water-culture studios, but the results thus obtained, though
fimdamentally very important, are hardly applicable to field practice.

As an example of the above, one may cite the commoner experience
with phosphates. Alkali phosphates, which are completely available in

water cultures, arc only very poorly so in the soil. This is duo to the
ready solubility of theso salts in water and consequont interaction of the
anion with the soil complex. The result is that the phosphate is rendered
more or less imavailable in most types of soils. On the other hand,
alkaline earth phosphates which are insoluble in water are very much more
available than the alkali salts and continue to remain so for long periods.

Thus, calcium phosphate does not react with the soil complex, but
nevertheless is readily available to the plants. In a r(*coiit enquiry
conducted at Bangalore, Srinivasan and Sadasivan have adduced evidence
to show that calcium phosphate ia solubilized by tho plant in just the
requisite quantities, so that very little surplus soluble phosphate is left

over for interaction with the soil. Indeed, an elegant way of retaining
the availability of soil phosphates is to convert them into calcium salts

through basal dressings of caustic or carbonate lime. Another and an
equally efficacious method of increasing th€» availability of phosphates in
the soil is to apply soluble silicates. Srinivasan has recently shown that
colloidal silica which is the first product combines preferentially with the
mineral complex of tho soil, thus releasing phosphate for plant nutrition.

Another direction in which the soil plays a very striking part is

through interaction with metallic ions. A number of previous workers
have shown that manganese salts, in even very minute quantities, have
profoimd effect on water-cultured plants. This effect is essentially ionic
and is directly traceable to the influence of the manganese ion. ISeneficial

effects are also observed in the soil, but then the manganese salts behave
in an entirely diflerent way. When applied in moderate quantities
(say, 1-2 cwts. per acre), a soluble manganous salt is rendered insoluble
almost immediately after addition to soil. The subsequent changes
are of very considerable scientific as well as practical interest. Harihara
Iyer and Bajagopalan working at Bangalore have shown that imdor
normal conditions, tho manganous salts are turned into manganese dioxide,
which has a highly beneficial effect on crops. Oxidation of organic
matter is hastened, thus releasing more food for plant nutrition . Biological
activity is also stimulated. Increased yields ranging from 26-100 per
cent, (depending on nature of crop) have actually been obtained. Even
highly oxygenated compounds like permanganate first get reduced to
manganese dioxide and then exercise a beneficial effect on plants. It
would thus be seen that application of soluble manganese salts is an elegant
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method of supplying the insoluble but nevertheless potent manganese
dioxide to the soil.

The above observations do not entirely preclude ionic effects. It

may, nevertheless, be pointed out that, in the case of tomato grown on
soils with and without manganese salts, there was no significant difference
in regard to their manganese contents. On the other hand, ragi grains
{Eleumne Coracana) from manganese treated plots had a slightly darker
colour than those from the control plots. Wo have yet no evidence to
show how this effect is produced.

Soluble iron salts behave in a manner similar to the manganese salts.

They get mostly converted into finely divided ferric oxide and thus
facilitate oxidation changes in the soil. When applied in moderate
quantities they also load to incroaseil crop production.

One rather interesting observation which has recently been made
by Asana at liangalore is that soluble ferrous salts are more beneficial

than the corresponding ferric salts to water-cultured rice plants. The
mechanism of the phenomenon is still not clear. It may be interesting

to mention in this connection that in the manured swamp soil there is

always some soluble ferrous iron in the early stages. This may be one of
the beneficial effects of swamping which is so favourable to the rice plant.
As already mentioned, the ferrous salts which result from the initial fer-

mentation are subsequently converted into finely divided ferric oxide
and thus exercise further beneficial effect on the plant.

7. Pkok. a. H. K. Bitllkr, Manitoba pointed out that so far as

his experience went, the cell-wall did play a part in the
absorption of salts by the plant cell.

8. Prof. V. H. Blackman, London, wound up the discussion laying
stress on the all-important function of the protoplasm. As
evidence be cited the fact that absorption was affected by
the absence of oxygon.

XXXll. THE SPECIES CONCEPT IN THE LIGHT OF
CYTOLOGY AND GENETICS.

(Sections of Botany, Zoology and Agriculture.)

l*ROF. B. Saiini and later J’rof. S. R. Bosk presided, and Da.
(Miss) E. K. Janaki Ammal opened the disc^ussion.

1. Dr. (Miss) K. K. Janaki Ammal, Coimbatoi'e.

Opening Remarks,

It has been said that the tost of the creed of a biologist is his definition

of species. Though modern genetics has thrown considerable light on tlie

nature of genetical differences between related species, at no time has
it been more difficult to define species as at the present day. This is main-
ly because we now know more of the underlying causes of variation or

discontinuity that exist between two forms than wo did 20 years ago.

These causes are now found to be different in the case of different species

and genera.
The cyto-genetic analyses of plants and animals have shown that

though the differences between some species are mainly gene differences,

in others they are associated with changes in (1) the number, and (2)

the structure of chromosomes. The discovery of plants with chromosomo
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numbers which are multiples of a bsisic number is so widespread that it

lias been observed in nearly every genus that has been examined criti-

(uilly. This discovery gives polyploidy a practical importance in tracing

the phylogeny of species.
‘ Secondary pairing * of chromosomes at meiosis was first used by

Darlington to interpret the history of the Pomoideeo.

By the synthesis of Oedeopsia tetrahit from Q, pvheacens and G,
apecioaaf Muntzing was the first to show that Linnean species had arisen

by hybridization and doubling of chromosomes. It is now known that
niany genera and species of cultivated plants are allo-polyploida. A
number of artificially produced forms like Primula kewenais, Nicotiana
(iigluta and Digitalis mertonensis have been produced by the same way,
wiiile ‘ amphidiploid ’ intergeneric hybrids like Aegilotriticum and Raphano
hrassica have been raised to the status of new genera.

The ease with which it is possible to hybridize widely differing genera
in the family Gramineae when factors that contributed to their isolation

are removed, is shown by the many hybrids produced at Coimbatore
between species of Saccharum and those of Sorghum, Erianthus, Narenga,
Bambuaa and Imperata,

* The indigenous canes of India, the so-called S. barberi and S. ainense

of Jeswoit occupy taxonoinically a position intermediate between the
noble cane S, officinarum and the wild species S, spontancum. These
latter represent a polyploid senes ranging from 'In = 48 to 2n == 80 in

India and 2ii = 80 to 2n = 124 in Further India aiul K. Indies. In

S, barberi and S, stnense aneuploid nuinbiT ranging from 2n =82 to

2a = 124 have been observed.
Evidence for the origin of S. barberi from S. sjyonlaneuw has been

obtained from the study of occasional giant triploids with 2n = 84 (tn-

plopolyploids) which arose amongst selfod progenies of a S. sponUmeutn
(2n = 56) in Coimbatore. These were found to bo thicker and have more
sugar than the typo from which they arose and the resemblance to S. barber t

was very pronounced. The occurrence of such giant triplopolyploids

amongst intraspecific hybrids between the different chromosomal forms of
S. spontaneum and the phenomenon of heterosis met with in crosses

between widely separated forms of S. spontaneum seem to point out that
hybridization must have jilayed an important part in the evolution of the
cultivated cane.

’

2. Pbof. R. Rtjggles Gates, London.

On the gene theory variations arise, at any rate for the most part,
111 the chromosomes, and express themselves in ontogenetic development.
An understanding of species and other categories of taxonomic classifica-

tion must then ultimately be based upon an analysis of how chromosomes
change. The conceptions associated with the terms limieons, jordanons,
and syngameons have proved most useful in the genetic analysis of species
and their variations.

From the cytological point of view we may classify chromosome
clianges as changes (1) in number, (2) in structure. Changes in number
include : (a) polyploidy, so characteristic of plants, (6) polysomy, (c)

fragmentation, (d) fusion of chromosomes. Structural changes include
{a) segmental interchange, (5) duplication, (c) reversal, and {d) deletion
cf a portion of a chromosome. Some of these changes involve no imme-
diate phenotypic change in the organism, but they serve as a basis on
which future differentiation of type con take place.

Comparative cytology throws light on the processes by which these
chants in number have taken place. The study of chromosome structure
combined with comparative genetics shows how rearrangements within
the chromosomes have been taking place. Examples are the location of
parallel mutations in the chromosomes of Drosophila rmlanogaSUr, D,
psevdo^obscura, D. virilia and other species ; or the catenation of ohromo-
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8oinos in different Oenothera species. This appears to have come about
through segmental interchange accompanied by gonic mutations and
followed by intercrossing. In all cases the ultimate raw material of evolu-
tion appears to be supplied mainly by genic mutations. The study ef
mutation rates and their natural methods of change may ultimately throw
some further light on the origin of this ‘ raw material ’. Different genera
of plants and animals have specialized in different methods by which the
genes thus produced are rearranged, multiplied or interlinked.

Many interspecific crosses both in plants and animals show that their

tlifferentiation has arisen through genic mutation. Examples, Antirrhi-

num, Peromyscus, In certain genera, e.g. Oenothera, there is evidence
of cytoplasmic differentiation as well. Other typos of cytological change
come in to complicate the results by linking the genes in fresh groupings.

It was supposed imtil recently that interspecific sterility could only
arise over a long period and had never occurred in experiment. 8omc
biologists still regard it as an essential criterion of species. Interstorilit y
IS, however, no longer a sure guide oven regarding nearness of relationship
between types. Wo can now see in many cases how it has either arisen

111 experiment or must have arisen in the recent past. The numerous
cases of ampliidiploidy in plants and change in chromosome number or
segmental reversal in various genera furnish such evidence. The natural
selection of parallel mutations in species which have become intorsterilc>,

means evolutionary advance on a common front.

The genus Oenothera has evolved simultaneously chromosome catena-

tion and small self-pollinating flowers. Under these conditions the seeds

from each individual produce a pure line. Catenation preseivos the

advantages of heterosis. Oc-casional crosses occur, producing new tjrpes

which again breed true. Thus the whole Onagra section of Oenothera,

containing over 75 species, is a syngameon <*ontaimng numerous linneons

which occasionally intercross when dispersal brings them into contact.

This, combined with gene mutations, produces a network of cross-related

forms, linneons, jordanons and many smaller differences.

3, Dk. C. D. DAitniNGTON, London.

The Integration of species.

We are generally agn3ed that species arise, as Darwin said, by the
stdection of hereditary variations. We are not agreed as to how the
selection takes place. It must depend on the nature of the variations

that are available for selection. These are broadly of three kinds : changes
in the internal properties, linear positions and quantitative proportions
of the genes making up the chromosomes. These three must be selectc^d

so as to provide the means of isolation and adaptation. The comparison
of species and the study of tlieir hybrids show that the chromosomes are

continually undergoing structural rearrangements which in various ways
prevent crossing-over between the genes in the rearranged parts. These
st^ructural changes provide the means for holding together groups of genes
and thus allowing for the preservation of good combinations. This is

t;he first step in the integration of species. Structural changes also cause
changes in the proportion or balance of the genes in the complement, thus

adapting them to different environments. This is the second step in

integration. Finally structural changes inhibit the pairing of the rela-

tively changed chromosomes and lead to intersterility. This is the thir<l

step in integration. Where polyploidy is the agent of species formation
the mechanism is different, but the three essential stops remain the same.

4. Db. E. W. Eblanson, Budge Budge.

Genetics has helped to explain (a) variation within the species, and

(5) parallelism in related species. The application of this improved
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unclerHtanding resulted in the reduction of the number of American species

of Rom from 115 to 20. Cytology has thrown light on phylogeny and has
solved some problems of phytogeography. We have finally broken away
from the concept of a morphologically delimited species with a definite

range and have adopted a tliree-dimensional fundamental unit the
*

line

of evolution ’ in both space and time for each species. It has been shown
that interspecific relationship is a complex reticulum rather than dendritic.

The unique cytological behaviour of the common Oaninm roses has
distorted the perspective of some European workers who have persisted

in the fallacy that modern diploid roses are descended from polyploid
ancestors. This hypothesis is not necessary to explain the cytological

conditions. The fact that the higher balanced polyploid rose species are
both the most primitive morphologically and the most boreal in range
has also been used to support the theory. The physiological effect of
polyploidy is to increase cell size, slow down growth rate aud increase

adaptability. In Rosa the higher polyploids are physiologically best
adapted for liear arctic conditions. Their very pol3rploidy is a bar to
further evolutionary progress, although as allopol3rplolds they may act
as sources of new genes which appear in diploid descendants of hybrids
between them and diploids. There are both generalized and specialized

tetraploid rose types and tetraploids have arisen more than once on the
American continent. The diploid R, Woodsii (near relative of the Eurasian
R, cinnamomea) has the greatest north-south range of any rose. It is

generalized and primitive morphologically and there is no reason to

suppose that there have not always been diploid lines of descent in the
genus which have given rise from time to time to the polyploids with
which they still hybridize freely.
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