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THE PRESENCE OP SOME BENZENE DERIVATIVES
IN SOILS

By Edmund C. Shorey,

Scientist in Soil-Fertility Investigations, Bureau of Soils

INTRODUCTION

The isolation of organic compounds from soils may have an interest

other than that of the purely scientific nature attached to any increase

in our knowledge of the composition of soils. This is true, not only

when the compounds are known to be readily reactive with other com-

pounds or to have an effect on the microfiora of the soil or the growth

of higher plants, but also when their constitution indicates that they

may have such an effect. Recently three organic compounds have been

i^lated from soils that seem to be of this nature.

These compounds, rather closely related in constitution, are benzoic

acid, metaoxytoluic acid, and vanillin. They were obtained from

samples of sandy soil from Florida at present devoted to orange culture.

These soils are composed of quartz sand ranging in color from light gray

to brown and contain very little organic matter. For the most part

this organic matter is deposited in a thin layer on the grains of sand, so

that when the soils are treated with dilute alkali and the film of organic

material is thereby dissolved or loosened pure white quartz sand remains.

The samples, about 90 kilograms in each case, were from eight loca-

tions, the top soil and subsoil being represented by separate samples.

BENZOIC ACID

Benzoic acid was obtained from but one of these samples—a subsoil.

There was no indication of its presence in the corresponding surface soil,

and, although indications were obtained of its presence in other subsoils

of this series, it could not be isolated in a pure form in sufficient quantity

for identification.

The method by which benzoic acid was obtained from this soil was as

follows:

The soil was treated at room temperature with a 2 per cent solution of

sodium hydroxid for six hours, allowed to stand several hours, and the
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colored extract siphoned off. This extract was acidified with sulphuric

add, filtered, and the acid filtrate shaken out several times with ether.

The ether extracts were combined and the ether evaporated on the sur-

face of a'small quantity of warm water. The water was then heated to

boiling and filtered hot, when, oh cooling the filtrate, crystals Separated.

A further yield of crystals was obtained on concentrating themother

liquor from the crystals first obtained. The compound obtained in this

way was purified by recrystallizing from water, and finally by sublima-

tion, when a pure white product was obtained. About 2 grams were

obtained from 25 kilograms of soil.

This compound had all the properties of benzoic add. It crystallized

in the leaflets characteristic of benzoic add. It was readily soluble in

alcohol, ether, and chloroform, sparingly soluble in cold water but much

more readily in hot water, and melted at 121° C. An aqueous solution

was acid in reaction, and when neutralized and treated with a neutral

solution of ferric chlorid a dirty-brown predpitate was formed that was

insoluble in acetic add. The compound sublimed readily and when

heated strongly gave off the irritating fumes characteristic of benzoic add

when so treated. I^inally it gave Mohler’s reaction.^

The appearance and properties of the compound obtained from the

soil, its behavior with ferric chlorid, and response to Mohler's test are

sufficient to establish its identity as benzoic add.

metaoxytoluic acid

Metaoxytoluic acid was obtained from several samples of the series

examined, but in quantity only from subsoils. The method by which it

was obtained was exactly the same as that just outlined for benzoic add

up to the point of obtaining a water solution of the ether extract. If no

benzoic add or other compound separated on cooling the filtrate, it was

concentrated nearly to dryness and allowed to stand, when oxytoluic add,

if present, crystallized out. The compound so obtained was purified by

repeated recrystallizations from water and was finally dried on a porous

plate. This product retained persisteiitly a slight tinge of color, and it

was only after many treatments and much loss of material that it could

be freed from color. Where traces of benzoic add accompanied it, as

seemed to be the case in some instances, it could be freed from benzoic

add by sublimation, this acid being much more readily sublimed than

oxytoluic add. About 10 grams of pure material were obtained from 25

kilograms of soil.

i Mower’s test is carried out by heating the stibslancc to be determined with sulphuric

takes place, sulphobenzoic acid being formed if benzoic acid is present in the original material. r

tag with potassium nitrate this will be transformed into metadinitro-benzoic acid. On adtog

ammottk to this acid and then a few drops of a colorless solution of ammonium sulphid a red co

be obtained.
_ , S Deot

Official and provisional methods of analysis, Association of Official Agricultural Chemists.

Agr. Bur. Chem. Bui. jo? (rev.), p. iSi, 1908.
. « t Chitn

Mohler, K. Recherche de I’adde benzoYque dans lea substances ahmentaires. Bui. noc, .

s. 3, t. 3, p. 414-416, 1890.
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On etementary analysis this compound gave the following results (0.200.

gram were used for each analysis)

:

Analysis i. Analy^ 3.

Per cent. Per cent.

Carl^ 63.33 63.02

Hydrogen 5.39 5.66

Oxygen. 31.28 31.32

This corresponds with the composition of oxytoluic acid, CgHjOg,

which contains 63.15 per cent of carbon, 5.26 per cent of hydrogen, and

31.50 per cent of oxygen. There are 10 isomeric oxytoluic acids, all of

which have been described. The compound obtained from the soil has

the properties of metaoxytoluic acid, with the carboxyl, hydroxyl, and

methyl radicals in the i. 3. 5. positions, respectively.

This compound crystallizes in plates or, when the quantity is small, in

groups of radiating needles. It is rather soluble in cold water, but more

so in hot water. It is soluble in alcohol and ether, sublimes unchanged,

and melts at 208° C. On the addition of a solution of ferric chlorid, an

aqueous solution of the compound gives a brown precipitate which dis-

solves to a brown solution when the reagent is added in excess. On the

distillation of the dry compound with lime, metacresol is formed. The

identity of the metacresol obtained from the soil compound in this way

was established by transforming it into 2. 4. 6. trinitrocresol, a yellow com-

pound melting at 106° to 107*^ C. This was effected by dissolving the

metacresol in strong sulphuric acid, pouring into a mixture of nitric and

sulphuric acids, heating, and then cooling. The nitro product was fil-

tered off, washed with dilute hydrochloric acid, recrystallized, and dried.

Metaoxytoluic acid was made from sulphotoluic acid according to the

method of Jacobsen/ and its properties were compared with the com-

pound obtained from the soil, the two agreeing in every respect. When
the artificial product and the soil compound were mixed, the melting

point was unchanged. The agreement in composition and properties

mentioned is sufficient to establish the identity of the compound obtained

from the soil as metaoxytoluic acid.

VANiIvLiN

In the course of investigations of the organic matter of soils carried on

for the past six years soil extracts having the odor of vanillin and giving

some of the reactions of that compound have been encourftered from time

to time, but its presence could not be confirmed by isolation in pure

form. In investigating the soil samples from Florida the isolation was

accomplished.

The method of isolation, as with the compounds just described, was

b^n by making an alkaline extract of the soil. This extract was acidi-

fied and filtered and was then shaken out with several portions of ether.

‘Jacobsen, Oscar. Oxi-toluylsauren und Oxyphtalsauren. Ber. Dent. Chem. Gesell., Jahrg. 14 , Ju!?-

P. 23S7-235S>. 1881 .
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.The combined ether extracts were shaken with a strong solution
erf

sodium bisulphite, which treatment removes from the ether compounds

of an aldehyde nature. After separating the bisulphite from the ether

it was acidified with enough sulphuric acid to decotripd^ all the bisul-

phite, was freed from sulphur dioxid by, blowing air through it, and was

again shaken with ether. On evaporating the ether extract at room

temperature a more or less oily, viscous residue remmned which had the

odor of vanillin and gave the reactions of that compound. Crystals usu-

ally separated from this residue after standing several days.

When these crystals were obtained in sufficient quantity, they were

purified by the method recommended for the examination of vanilla

extracts.^ The oily residue was treated sevetal times with warm water

and filtered, and the filtrate treated with a solution of lead acetate as

long as a precipitate formed, and was then again filtered. The filtrate

was shaken but several times with ether, and the combined ether extracts

were evaporated. The residue usually crystallized readily, although it

still contained traces of resinous matter. This resinous material could

not be removed by taking up in ammonia, acidifying, and again shaking

with ether as recommended in the method for vanilla extracts, but by

recrystallizing from water several times and finally drying on a porous

plate pure crystals were obtained.

These crystals had a strong odor of vanilla, were in the form of needles

or small prisms, and melted at 80° to 81® C., the melting point of vanillin.

They were readily soluble in ether or alcohol, but w^ere sparingly soluble

in water. An aqueous solution gave the following reactions character-

istic of vanillin or the group of compounds to which vanillin belongs:

The addition of a solution of ferric chlorid gave a blue-violet color.

Colors ranging from blue to violet are given by many hydroxy-benzene

compounds.

When boiled with resorcinol and hydrochloric acid, a red color was

formed. This reaction is given by a number of aldehydes, including

some sugars.

When the crystals were treated with equal quantities of sulphuric and

hydrochloric acids and with the addition of a drop of a dilute solution of

acetone and the mixture then heated to 100° C. for 15 minutes, a violet

color was developed.

On adding an excess of bromin water followed by the addition of ferrous

sulphate,' a blue-green color was formed. This reaction is regarded as

charactmstic of vanillin, but does not seem applicable for colorimetric

detenmnation.

When the reagent of Folin and Denis ^ was added and the mixture made

alkaline with an excess of sodium carbonate, a clear blue color was

1 Official and provisional methods of analysis. Association of Official Agricultural Chemists. U. S. Dep'-

Agr. Bur. Chem. Bui. 107 (rev.), p. 156, 1908.

^ Folio, Otto, and Denis, W\ On phosphotimgstic-phosphomolybdic compounds as color rcag“ •

J<jur. Biol. Chem., v. is, no. 2 , pp. J39-343, 191a.
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slowly developed. This reaches a maximum in a short time and remains

constant for several hours, furnishing a reliable colorimetric method for

the determination of vanillin.^

The method of isolating the compound from the soil, its crystalline

form, odor, melting point, and the fact that it gave the characteristic

i-^tions of vanillin are sufficient to establish its identity as vanillin.

The qu^tity of pure vanillin obtained by this method from any of the

soils examined was but a few milligrams from 25 kilograms. It was
possible to obtain the vanillin in pure crystalline form from 4 of the 16

samples. From some of the other samples crystals were obtained that

gave the reactions of vanillin, but there were not enough for the separa-

tion and determination of the melting point. Residues were obtained

from all the samples haying the odor of vanillin and giving two or ;nore

reactions for it. In each case where it was possible to separate vanillin
'

in pure form the sample was a surface soil.

An application of the colorimetric method of Folin and Denis was made
to two samples, those from which the most vanillin had been obtained by
alkaline extraction. One hundred grams of soil were finely ground and
thoroughly extracted with warm alcohol that had been freshly distilled.

The alcohol was evaporated, and the residue was taken up with warm
water and filtered. Dead acetate was added to the filtrate as long as a
precipitate formed. The solution was then filtered and the filtrate

treated with the reagent of Folin and Denis (a mixture of phosphotungstic
and phqsphomolybdic acids), followed by an excess of sodium carbonate.
It was again filtered and made to a definite volume. The resulting blue
solution was read in a colorimeter against a solution prepared in the same
way from a standard solution of vanillin. Sample No. i gave 0.0010 per
cent of vanillin, or 10 parts per million, while sample No. 2 showed
0.00048 per cent, or 4.8 parts per million.

Vanillin contains the radical methoxyl OCH3. In a previous paper®
it was shown that the methoxyl radical is present in many soils in suffi-

cient quantity to be determined by the Zeisel method.=^ A determination
of the methoxyl in samples Nos. i and 2 by this method gave, for sample
No. I, 0.065 per cent of methoxyl calculated to vanillin, and for sample
No. 2, 0.050 per ,cent.

Methoxyl is contained in a number of organic compounds and is a con-
stant constituent of the lignocellulose of plants. The quantity obtained
from these soils when calculated to vanillin is so much in excess of that
actually obtained in the isolation from an alkaline extract, or that

’ Folm, Otto, and Denis, W. A new colonmetric method for the detemUnation of vanillin in flavoring
wracts. Jour. Indus, and Engin. Chera., v. 4, no. 9, pi). 670-672, i»i2.

Shorey, E. C.. and Lathrop, E. C. Jlethoxyl in soil organic matter, Jour, Amer. Chem. Soc . v
“o i.P.JS-78. I9H.
^Zeisel, a tfber ein Veifahren zum quantitativen Xachvveise von Methoxyl. Mooatsb. Chem.,

6. JSas, p. 989-^, I pi. 1886.

2um qoantitaUven Nachweise von Methoxyl. Monatsh. Chem., Bd. 7, 1886, p. 406, 409. 1887.
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iii^cated by the FoUn-Denis method, that it seems evident that a cou-

siderable portion of it must be derived from compounds o^her than

vanillin.

These three compounds, benzoic acid, metaoxytoluic acid, and vanillin

although not related in the sense that they are readily derived from br

transformed into one

structural formulas:

another, are related as shown by the following

Benzoic acid. Metaoxytoluic acid. VanilUn.

C^COOH
H-C H

*
! 1

^C^OOH
H— C—

H

^C^COH
H-C^ C-H

1
1

H-C C—

H

\^/
1

j jCH^ C—OH
N:/

1

1 \

'

H—C C—OCH

1

!

H OH

Benzoic acid is a naturally occurring product obtained from certain

gums and balsams, wherein it exists as an ester. It is also present in

some fruits, such as plums and cranberries, and has been found among

the oxidation products of casein and gelatin. Its presence in soil might

then result from the decay of plant tissues contaiiung it or from orida-

tion of more complex compounds through the activity of microorgan-

isms. The most remarkable fact in connection with its occurrence in

the soils examined is that it was found in appreciable quantity in but

one sample, although they were of the same general character. In the

absence of accurate information regarding previous natural vegetation

on these soils and other data that can be obtained only in the field, any

attempt to explain this fact is out of place here.

Metaoxytoluic acid, so far as known, is not a natural product, and its

method of preparation in the laboratory does not suggest any process by

which it might be formed in the soil from plant products or other com-

pounds known to occur in soils.

Vanillin has its chief natural source in the so-called vanilla beans, or

seed pods, of Vanilla pompona. It has also been reported as found in

small quantities in a number of other plants or plant products, and it

probably is more widely distributed in the vegetable kingdom than has

been supposed. At present there is no information indicating its forma-

tion from other compounds through the agency of microorganisms, and

the sm^ quantity found in soils may possibly be regarded as an un-

changed residue of plant debris.

Usmg the maximum figures for quantities obtained in these investi-

gations and calculating to the acre-foot of soil, the following approxi-

quantities are obtained: Benzoic add, 350 pounds; metaoxytoluic

add, 800 pounds; and vanillin, 40 pounds to the acre-foot.



la tbe.<^ of the two adds the method involved considerable loss <rf

niaten^ '^d the actual quantity present in the soil is undoubtedly in

exc^ of these figures.

The 'question as to the form in which these compounds ^st in the

soil is one deserving some consideration, although one not easily an-
satisfactorily. It is true of most organic compounds that have

been obt^ed from soils through extraction with dilute alkali that they

ate not readily obtained as such by water extraction of the soil. In
many soils this can be explained, in part at least, by the fact that much
of the organic matter in soils is of a resinous nature wholly insoluble in

water, and compounds which when separated are easily soluble in water
are so incased or protected by the resinous or varnishlike coating effected

by this resinous material that they are very slowly dissolved, if at all,

when the soil is leached. This effect is quite apart from any absorptive

effect and is quite marked in extreme types, such as the sands of Florida

and some peats, where either fine grinding or previous treatment with
alcohol will render soluble in water organic material that before this

treatment was so little soluble as to escape notice.

In the case of vanillin, grinding the soil and extracting with alcohol

gave more of the compound than was obtained by extraction with alkali,

and from the known properties of vanillin it seems unlikely that the
quantity found is in the soil in any other form than free vanillin.

Treatment of the soil with hot alcohol after grinding gave extracts

from which reactions for both benzoic acid and metaoxytoluic acid could
be obtained, but in the absence of colorimetric methods applicable to
small quantities and owing to the fact that the extractions with alcohol

were made with much smaller quantities of soil than the extraction with
sodium hydroxid, no comparative figures can be given. It is fair to
conclude, however, that in some of the soils examined some portion of
both acids is present as free acid.





indicator significance of vegetation in
TOOELE VALLEY, UTAH

By T. H. Kbakney," L. J. Briggs,“ H. L. Shantz,* J. W. McUne,‘ and
R. L. PJHMSISEL,^

Bureau of Plant Industry

introduction

In the arid portion of the United States the different types of native

vegetation are often very sharply delimited, the transitions being so

abrupt that they can not be attributed to climatic factors
;
this has sug-

gested the possibility of correlating the distribution of the vegetation

with the physical and chemical properties of the soil. Jf such correla-

tions can be made, they may be utilized in the classification of land

with respect to its agricultural capabilities.

One of the writers ® has described the correlations which exist in the

Great Plains between the different types of vegetation and the physical

characteristics of the corresponding types of land and has pointed out

how the native^ growth may be used in that region to determine the

suitability of the land for dry fanning.

The results obtained in the Great Plains made it desirable to undertake

similar investigations in the Great Basin region, or that portion of the

United States lying between the Rocky Mountains on the east and the

Sierra Nevada and Cascade Ranges on the west. The problems to be

solved were: First, what types of vegetation indicate conditions of soil

moisture favorable or unfavorable to dry farming, and, second, what
types indicate the presence or absence of alkali salts in quantities likely

to injure cultivated crops. For the purpose of this investigation it

was necessary to find a locality where both dry farming and irrigation

farming are practiced, where much of the land is still covered wjth the

original native growth, and where some of the soils contain an excess

of alkali salts.

’ PhysiologA in Charge. Alkali and Drought Resistant Plant Investigations.

* Biophysicist in Charge, ^Biophysical Investigations.

‘Plant PhysicJoEist, Alkali and Drought Resistant Plant Investigations.

‘Laboratory Assistant, Biophysical Investigations.

^Scientific Assistant, Alkali and Drought Resistant Plant Investigations.
‘ Shantz, H. L. Natural vegetation as an indicator of the capabilities of laud for crop production in the

Great Plains area. U. S. Dept. Agr., Bur. Plant Indus. Bui. soi, loo p., 23 fig., 6 pi. 1911.

With the exception of the valuable -woik of Hilgard in Mississippi and of Hilgard and his associates

in California (see Hilgard, E. W., Soils, New York, 1906, p. 487-548, figs. 77-89), very little had previously
l»eii done in the United States toward a scientific study of native vegetation from the indicator point of
view. In Europe, however, the subject has been much investigated, especially as regards “lime-
bving" and “Ume-avoiding'’ plants.

Journal of Agricultural Research Vol. I, No. s
of Agriculture, Washington, D. C. Feb. 16, 19
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After a reconnoissance trip through portions of Wyott^i

Idaho, and Oregon in August, 1911, the Tooele Valley in central Utah

was selected for the following reasons: (i) several very dispel types of

vegetation are found within a small area, (2) the soils show a great

diversity in their moisture conditions and salt content, (3) the heater

part of the area retains its .
original plant cover, while examples of crop

production both with and without irrigation exist on. different types

of land.

Detailed studies of the vegetation of Tooele Valley in relation to the

moisture conditions and salt content of the soil were carried on in 1912.

The work was begun near the close of the rainy season (end of May)

and was terminated during the first week of August, when the summer

drought had reached its height. Additional data were obtained during

a third visit .to the valley in the latter part of August, 1913.

The distribution of the native vegetation was found to depend in a

marked degree upon the physical and chemical properties of the soils,

factors which also influence crop production. So far as this particular

area is concerned, the vegetation can unquestionably be used with

advantage in classifying land with respect to its agricultural value.

To*what extent the correlations established in Tooele Valley hold good

in other parts of the Great Basin region remains to be determined by

future investigation.

The writers desire to acknowledge the helpful cooperation of Director

B. D. Ball, of the Utah Agricultural Experiment Station, and of Prof.

U. A. Merrill, formerly of that station. The writers are indebted for

the determination of the plants collected to Mr. Ivar Tidestrom, of the

Office of Economic and Systematic Botany, Bureau of Plant Industry.

methods of research

The methods used in classifying and describing the types of vegetation

are well known to ecological plant geographers and are best described m

setting forth the results. Some explanation of the methods used in

investigating the moisture conditions and salinity of the soils, however,

is desirable.

Samples of the soil were taken in the midst of the areas oMUpied by

each vegetation type. Where the boundaries between two t^es were

well defined, samples were also taken on both sides of the line, m order

to determine the limiting conditions for each type. The measurements

of moisture content, moisture equivalent, electrical resistance, and salt

content which were made upon these samples served as a basis for con

elusions regarding the physical conditions indicated by the presence of

each important type of vegetation.

Collecting Soil Samples.—The samples of soil were in all cases

collected with the aid of a sampUng tube, which prevents the

ture of surface material with the subsoil. Each sample consisted of a
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c^mpoate of four cores. The soils were usually sampled to a depth of 4

feet a»d occasionally to a greater depth, the cores being taken in i-fooi

sections, t

DBTBRMINING THE Soii.“MoisTURE CONTENT.—Numbered tin boxes of

tioifonn weight and with tight-fitting covers were used to receive the

.

goij samples directly from the sampling tubes. The whole sample was

used as a basis for the moisture determinations and after the initial

weighing was dried in a water oven to constant weight. The moisture

content is in all cases expressed as a percentage of the dry weight of the

sample.

Determining the Moisture Equivalent.—In studying soil moisture

in relation to plant growth it is important to have some standard for

measurement of the retentivity of the soil for moisture. As two of the

authors have previously shown, ^ this may be conveniently accomplished

by the method of moisture equivalents. This method consists in sub-

jecting a moist sample of soil to a constant centrifugal force equal to

1,000 times that of g^vity until the moisture content of the soil is

reduced to the point where it is in equilibrium with the centrifugal

force empbyed. The residual moisture content of the soil is th^
determined. This value, expressed as a percentage of the dry weight

of the sample, is the moisture equivalent. A direct measure of the

retentiveness for moisture of the various soils is thus obtained, and,

since the same force is employed throughout, ^11 of the determinations

are directly comparable.

Determining the Wilting Coefficient.—It has been shown by two

of the authors * that the moisture equivalent serves as a useful indirect

means of determining the wilting coefficient. The latter term designates

(as a percentage of the dry weight of the soil) the quantity of water

remaining in the volume of soil occupied by the active roots of a plant

which is beginning to wilt.^

These determinations (moisture equivalent and wilting coefficient)

serve to give an idea of the texture of the soils occupied by the different

plant associations, as indicated by their retentiveness for moisture. By
subtracting the wilting coefficient from the actual moisture content a

measure is obtmned of the percentage of moisture available for the active

^wth of plants at the time the soil samples were taken.

Determining the Salt Content,—The total salt content of each

soil sample was determined by the electrical-resistance method developed

’ Brigts, L- J.t McLane. J. W. Moisture equlvsleuts of soils. U. S, Dept. Agr., Bur. Soils Bui. 45,

*iP-. 1 fig., I pi. 1907.

L. J., and McLaae, J. W, Moisture-equivalent determinations and their abpUcation. Proc,

Amer. Soc. Agroa., v. a, 1910, p. 138-147, pi. 6. 1913.

* Briggs, L. J; and ShnnU, H. L. The wilting coefficient for different plants and its indirect deteimi-

IT. S. Dept. Agr., Bur. Plant Indus. Bui. *30, 83 p., 9 fig., 2 pi., 1913.
*
"Wilting** in this case must be understood as permanent wilting—1. e., a condition from which the

plant can not recover its turgidity imtil the soil receives additional moisture, no matter how great the

ol the atmosphere.
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in the Buieau of Soils.* The method is simple and rapid and the tneas-

urements can be readily made in the field, which is a great adv^tage in

, studying the distribution of vegetation in relation to the salt content

of the soil. The method is, however, necessarily an approximate one

owing to the variation in the composition of the soil solution and to the

fact that the salts found in soils differ greatly with respect to their molec*

ular weight and ionic migration velocity. To interpret the observed

resistance, a calibration curve was prepared, based upon the observed

relationship between the electrical resistance and the Salt content, gtavi-

metrically determined, of a number of soils from different parts of the

valley. (See fig. i
.)

In making the gravimetric determinations, the usual practice was followed of digest^

ing loo grams of dry soil with 500 c. c. of water, filtering, and evaporath^ an' aliquot

SP£C/r/C £l£C7y?/CAL

Fig. I.—Curve showing the relation between the salt content (in percentages oi the dry weight of the

soil) and the specific electrical resistance (in ohms) of the soil when saturated with water.

portion of the filtrate to dryness. A number of the samples examined were rich in

gypsum, and in digesting such soils with an excess of water the total quantity of gyp-

sum which goes into solution is greatly in excess of the quantity dissolved when the

soil is simply saturated with water. The gravimetric determination of the salt content

of soils which are rich in gypsum is consequently too high, and this accounts in part at

least for the outlying points above the calibration curve. (Tig. i .)

By means of a suitable centrifugal apparatus it is possible to remove and collect a

portkhi of the soil solution in an unsaturated soil. From the concentration of this

solution and tl^e initial moisture content of the soil, the salt content of the soil can be

{Salculated. This method gave results more nearly In accord with those indicated by

1 Whitney, Milton, and Means, T. H. An elertrical method of determining the soluble salt content of

soils. U. S. Dept. Agr,, Div. Soils Bui. 8. 30 p., 6 fig. 1897.

Briggs, h. J. Electrical instnunents for determining the moisture, temperature, and soluble salt content

0! soils. U. S. Dept. Agr,, Div. Soils Bui. 1$, 35 p., is fig. 1S99.

Davis, R. O. E., and Bryan, H. The electrical bridge for the determination of soluble salts in soils.

D. S. Dept Agr., Bur. Soils Bui. 61, 36 p., 7 fig. 3 pi. 1910.
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the elfcctrical resistance. Therefore, in the £ase of soils containing gypsum the elec-

trical-reastance method may be considered to be more reliable than the excess-solvent

method. The probable error of determinations by the electrical-resistance method

is
approximately lo per cent of the actual salt content.

CUMATK OF TOOEtE VAEEEY

Tooele yailey is dry, having a mean annual precipitation of 16 inches.*

The average monthly distribution of the precipitation at Tooele is shown

in figure 2. No pi^ipitation records are available for other parts of the

valley, save fragmentary records at Grantsville for two years, which

indicate that the western side of the valley receives decidedly less pre-

cipitation than the eastern slope. During the first nine months of 1912,

the total precipitation recorded at Grantsville was 7.6 inches, as com-

pared with 13 'inches

!
AO

-[[

at Tooiele. The con-

dition of the native

vegetation and of the

crops grown without

irrigation also indi-

cates that the western

ade of the valley is

much drier than the

eastern side.

In view of the im-

portance of the soil-

moisture conditions in

explaining the distri-

bution of the different

types of vegetation in

Tooele Valley, it is in-

teresting to consider

the precipitation of the period immediately prior to that during which

the field work was carried on. The precipitation during the months

from October to May, inclusive, probably furnishes all of the stored

soil moisture available for the growth of plants during the following

summer. The total precipitation at Tooele during the period from

October, 191 1 ,
to May, 1912, was 13.5 inches, or 0.9 inch above the normal

(12.6 inches) for the locality. Hence, it may be assumed that at least tUh

flormal quantity of moisture was present in the soil on the date when

field operations were begun in the valley (May 28). As regards the

season of active growth in 1912, the precipitation of the month of May
was about 0.5 inch below the normal for Tooele, while that of June was

very nearly twice the normal. I^or the remaining summer months the

precipitation was about normal.

Fig. 3.—Monthly distrihutioa of precipitation at Tooele, Utah (meaa

for 15 years).

* Based upoii 15 years* measurements at the tovni of Tooele. From data furnished by the U. S. Weather

throi^h Ure courtesy trf Mr. A. H. Thiessen. Section Director.
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While no evaporation data are available for Toode Valley, evaporation

measurements * have been made during the last five 3^6at^ at Nephi^

about 6o miles south of Tooele. These measurements show the

monthly evaporation during June, July, and August is at Mst double

that (rf April and October. (See Table I.)

Table 1 . Evaporation from afree-water surface at Nephi, Utah, during ih months of

April to October^ igc^ to igi2.

Year. April. May. June. July. Au^st. Sep-
tembo’. Octoto,

/ficiu.Inches. Inches. Inches.

7. 87
8.81

10. 90
8. 69
9. 28

Inches.

10, 52

9 - 47
9.98
8. 72

9- 24

Inches.

9-34
7‘‘53

10. og

10. 47
8. 89

Inches.

6. 23

S-S9
6. 01

6. 69
6. 16

3 - 64
5.82

4 - 93

3 - 54

5 - 99
7. 46
k 41

6. 30

^ +43
1

3-

7*

1

3-^5

2.98

^9^
jgiO

1912

Nonnal . . . . 4,48 7. 04 g. II 9- 59 9, sfi 6. 14 3.70

Therefore, while the summer months are by no means rainless in this

locality, the great increase in the rate of evaporation is such that the

light precipitation can have but little effect upon vegetation. In those

parts of the valley where the ground water is beyond the reach of the

plant roots the vegetation becomes dormant after the moisture stored in

the soil by the winter and spring rains has been exhausted. Herbaceous

plants ripen and die, at least to the ground, while the woody spedes,

losing much of their foliage and reducing their transpiration to a mini-

mum, enter a resting condition which is nearly as complete as that which

is brought about by the low temperatures of winter. Where there is a

greater depth of readily permeable soil in which moisture can be stored

than is ordinarily the case in this valley, the beginning of summer dor-

mancy is longer postponed. On the sand hills the larger shrubs may con-

tinue growing more or less actively throughout the suminer. In the

lower part of the valley, where the ground-water table is high and the

soil is moist throughout the summer nearly or quite to the surface,

active growth continues until it is terminated by frosts.

GEOLOGY AND TOPOGRAPHY OF TOOELE VALLEY

Geologically, Tooele Valley is of excepdonal interest because of its

ocoHpancy at one time by a bay of Lake Bonneville, a Pleistocene late,

' the beach lines of which are strikingly in evidence upon the sides of tue

surrounding mountains. The highest of these terraces is i.ooo te

above the present surface of Great Salt Lake. An exhaustive stuay

of the region has been made by Gilbert.^

M.9saianaiu by th. Offic cf Biophysical Investigations m
Investigations, Bureau of Plant Industry, and with the Utah

(O S^. S”"''

:ra^,C.K. lake BouneviUe. 436 P.. Si iUus., 5. pls. Washmgtpn. .890. (C.S.Wo>

Monograph i.)



X^e y^ey Is broadly U -shaped in cross section, the mountains on

either somewhat abruptly from the valley floor. This abrupt

change fropi valley plain to mountain is characteristic of many of the

Gilleys erf the region and is due to the extensive deposition of alluvitun

during some epoch prior to the Bonneville period.

Tooele Valley is bounded on the east by the Oquirrh Mountains and

(m the west by the Stansbury or Aqui Range. The southern boundary

is formed by a spur of the Stansbury Range and by the great Stockton

embankment, which is composed of sand and water-worn gravel thrown

up hy the waters of Lake Bonneville and which separates Tooele Valley

from Rush Valley. (The Stockton embankment is shown in extreme

badiground of PI. XLV, fig. 3.) The summit of this emlmnkment

coincides with the highest shore line on the adjacent mountains. To the

north thef valley slopes downward to the southern shore of Great Salt

Lake. The axis of the valley thus lies approximately on a north and

south line, the land rising gradually from near the center to the mountain

ranges on the east and west sides. The width of Tooele Valley at the

northern end is about 18 miles, at the southern end it is about 13 miles,

and its greatest length is approximately 16 miles. The total area of the

valley floor is, roughly, 250 square miles.

The slope of the valley from the sides and from the southern end to a

line marked approximately by the highway from Salt Lake City to

Grantsville is decidedly steep, as is indicated by the fact that the town

d Tooele has an elevation above sea level of 4,900 feet, while Grants-

ville, although less than 5 miles farther north, is 680 feet lower. ‘ North

of this line the slope becomes very gentle and the surface of this portion

of the valley is plainlike.

SALINE CONDITIONS OF TOOELE VALLEY

The soils of Tooele Valley show a wide range in salinity, or, to use the

more familiar term, in "alkali” content. The soils in the upper end of

the valley and along the base of the foothills at either side, including a

large alluvial fan northeast of the town of Tooele, are characterized by a

low salt content. The other extreme is found in the flats adjacent to

the lake, which in some cases contain such an excess of soluble salts as

to prevent the development of a plant cover. The soils occupying the

central portiem of the valley are, as a rule, relatively free from salts in

the surface foot* but the salinity of the subsoil is usually such as to

exclude all deep-;rooted plants except those that are salt-tolerant to a

marked degree. saline material in solution in the nearly saturated

Soils of the flats, ^e that of the lake itself, is made up largely of sodium

chlorid. In fj^^iiiese flats have probably not infrequently been sub-

merged by the ii^xrf the lake, since records made by the United States

The elevation of the surface of the water of Great Salt Lake is about 4,200 feet.
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Geolo^cal Survey show that within the last 40 years theMe has under-

gone a fluctuation in level of 16 feet.

The following determinations of the composition of the saline material

in Great Salt Lake, which are quoted from a compilation by Clarke *

are thei^ore of interest in showing what may be regarded as the typical

composition of the saline material in this part of the area.

TABl,I^ II .—Analyses of waterfrom Great Salt hake}

A
i

B
1

c
;

D n F
; G H

Cl 55 - 99
Trace.

6- 57

56. 21 55 - 57 56- 54 55 - 69
Trace.

6. 52

55 - 25
Trace.

6 . 73

i

SS-ii
:

, 53-72
Br

SQt ' 6.89

.07

6. 86 S-97 6.66'
5-95

co;
Li." Trace.

33 - IS

1. 60

1

2- 52

1

. 01

32.92

1. 70

1.05

2. ID

. oi

Trace.

34- 65
2.64

. 16

,

-57

Na
!

33-45

i

, 20

3. 18

33 - 17
I- 59

. 21

j

2. 60

33-39

j

1. 08

. 42

2. 60

i

32-97

3 - 13
.17.

'1.96

' 32.81

499
• -31

2. 22

K
Ca
lifc

(I^208,Al203,

SiOa)

Salinity, per
cent

100. 00

14. 994

100. 00

13 - 790

TOO. 00

15-671

j

100. 00

1

19 - 558

TOO. 00

^23. 036

100.00

27. 72

100.00

22. 99

100.00

17.68

1 More correctly 230.355 grams per liter.

"A. By O. D. Allen, Rept. U. S. Geol. Expl. 40th Par., vol. 2, 1877, P- 433- Water collected in 1869. A

traced boric add is also reported, in addition to the substances named in the table. Allen also gives analy-

ses o! a saline soil from a mud flat near Great Salt Lake, It contained 16.40 per cent of soluble matterinudi

like that of the lake water.

*‘B. By Charles Smart. Cited, tn Resources and attractions of the Territory of Utah. Omaha, rSTp. Ansl-

made in 1877.

"C. ByE.vonCochenhausen.forC. Ochsenius, Zeitschr,Dcutsch.geol.Gesell.,vtA.34,i882,p.35?. Sam-

ple collected by Ochsenius April 16, 1879. Ochsenius also gives an analysis of the salt mamifactiuediioa

the water of Great Salt I,ake.

‘*D. By J. E. Tahnage, Science, vol. 14, 1889. p. 445. Collected in 1889. An analysis <rf a sampletaktn

in 1885 is also given.

“E. By E. Waller. School of Mines Quart., v<ji. 14, 1892, p. 57. A trace of boric add is also reported.

“F. By W. Blum. Collected in 1904. Recalc^ted to roo percent. Reportedby TalmaBeinScottisb

Geog. Mag., vol. so, 1904, p. 424. An earlier paper by Talmage on the lake is in the same journal, vol. 17,

190Z. p.fii 7 -

“G.jBy W. C. Ebaughand K. Williams, Chem. Zeitung, vol. 32, 1908, p. 409, Collected in October, 1967.

"H. By W. Madarlane, Sdence, vol. 32, 1910, p. 568. Collected in February, 1910. A number of other

analyses, complete or incomplete, are cited in this paper by Ebaugb and Macfarlane."

It will appear from these analyses that sodium and chlorin together

constitute about 90 per cent of the total soluble material. The quan-

tity of chlorin is, in each analysis, slightly greater than that necessary

to satisfy the basic requirements of sodium. The rest of the soluble

material is made up almost wholly of potassium, magnesium, and the

sulphate radical. Concerning these analyses Clarke ® says:

Althoi^h the salinity of the lake is very variable and from four to seven

great as that of the ocean, its saline matter has nearly the same compositiou-
^

^ Clarice. F. W. Data of geochemistry. U. S. Geol. Survey Bui. 491. a, p. m-

* Clarke. F.W. Op.cit,
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jijseact of carbonates, Ac higher sodium, and Ae lower magnesium are Ae most

variations from Ae oceanic standard
; but the general similarity, Ae identity

of type, is unmistakable.
* * *

.

Ae waters tributary to Great Salt Lake, so far as Aey have been exammed,

contain noAble quantities of carbonates, which are absent from Ae lake itself. These

salts ha>« evidently been precipitated from solution, and evidence of Ais process

is found in beds of oolitic sand, composed mainly of calcium carbonate, whi<A exist

at various
points along Ae lake shore. The strong brine of Ae lake seems to be inca-

pable of holdii^ calcium carbonate in solution.

The analyses as given in Table II report the presence of carbonates

in solution in the lake water in only one instance.* It is in this respect

that the saline matter of the soils more distant from the lake differs most

markedly from the type just considered. Calcium carbonate was

found widely distributed in the soils of the valley. Sodium carbonate

was often found also, usually in small amounts (0.05 to o.io per cent

of the dry weight of the soil), but occasionally samples were collected

containing as high as 0.25 per cent. Sodium carbonate was found most

frequently in the samples collected in areas where Kochia was growing.

These soils were also highly calcareous. The available data on the dis-

tribution of sodium carbonate do not, however, indicate that it can be

correlated with the presence of any particular plant community.

The composition of the salts of Great Salt Lake would lead one to

expect that the chlorids would prove to be the most common and widely

distributed of the saline constituents of the Tooele Valley soils, and such

has been found to be the case. In the course of the work a quantita-

tive examination for chlorids was made of 162 samples of soil, and all but

13 samples showed the presence of measurable quantities of chlorids.

Of these 13 exceptions 12 were samples from Artemisia iridentata (sage-

brush) areas which are characterized by a very low total salt content.

The sodium-chlorid content of the areas examined, all of which were

occupied by vegetation of one type or another, ranged from a trace in

the land occupied by Artemisia to over 2 per cent in land occupied

by Allenrolfea occidenialis. Outside of the sagebrush areas the sodium-

chlorid content of most of the samples fell between 0.4 and i .3 per cent.

In a large majority of the samples examined sodium chlorid constituted

more than one-half of the total water-soluble material.

Sulphates are usually present in the soils containing an excess of salts.

Of 122 samples examined 96 showed the presence of sulphates. It is

well recognized through the researches of Hilgard and others that cal-

cium sulphate is a corrective for the soluble “black alkali” (sodium car-

bonate), the reaction between these salts resulting in the formation of the

K, Cameron has shown, however, that while the take water at its normal concentration does not

PTC an alkaline reaction with phenolphthalein, this reaction will develop simply by diluting the lake

water with distilled water. At the normal concentration of the lake, the dissociation of the sodium car-

•Hmate is held back through the great number of sodium ions resulting from the dissociation of the sodium

dilorid. The lake does, therefore, carry a slight amount of sodium carbonate. (Gardner, P. D., and

,

Stewart. John. A soU survey in Salt Lake VaUey. Utah. U, S. Dept. Agr.. Div. Soils Field Operations.

*Pt- 64, i8», p. 104-ros. 1900.)

24395®—14 a
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relatively insoluble calcium carbonate and neutral sodium stdphafe.
it

is evident that a similar reaction would take place if magne^m sulphate

were present, since magnesium also forms an insoluble carbonate.
It

consequently seemed desirable to examine the carbonate and sulphate

measurements with a view to determining to what extent the absence of

soluble Wrbonates was accompanied by the presence of sulphates. Of

122 samples examined for carbonates and sulphates 13 contained neither

carbonates nor sulphates, while 13 others contained carbonates but no

sulphates, leaving 96 samples containing sulphates. Of these, 78 sam-

ples were free from carbonates, 2 samples contmned both carbonates and

sulphates in measurable quantities, while in the remaining 16 samples

traces only of both sulphates and carbonates were present.

VEGETATION OF TOOEEE VAtEEY

The plant covering of the area under consideration is typical of a large

portion of the Great Basin, several of the most important types of vege-

tation of that region being represented in TooeleValley. Striking features

of thisvegetation are (i) the great extent of theareas occupied continuously

by a single type of vegetation, (2) the sharpness of the boundaries between

the areas occupied by each type, and (3) the great predominance of one or

very few species in each type.^

CLASSIFICATION OF THE TYPES OF VEGETaTION ^

The principal types of vegetation of Tooele Valley, with the names of

the species which are dominant in each, are listed in Table III.

' These are common characteristics of the vesetation oi arid regions. Thus, Borszczow, as quoted by

Ove Paulsen (Studies on the Vegetation of the Transcaspian Lowlands. Copenhagen, 1912, p, 22-33), states:

"Here, as throughout the whole of Aralo-Caspia, it is a few spedaUy characteristic forms which prevail;

they repeat themselves continually so that the country has a verymonotonous appearance. Other speda

are only subordinate to these. Where the character of the soil changes, these predominant species sotnC"

times change very quickly and give place to others, which in turn prevail until the soil changes again

This monotony and this repetition of certain species over vast areas is the third characteristic of the vegeta-

tion of the Aralo-Caspian countries. It is no doubt 3 direct consequence of tire uniformity of the cliiuate,

which again is mainly dependent on the slight vertical relief of the surface. * * *

"In the Aralo-Caspian lands the soil in particular has such a great mHuence on the vegetation that a

change of soil—other conditions remaining the same—often alters the physiognomy totally and almost

abruptly without any gradual transitions.

"

* In view of the fact that the ecological plant geography of the Great Basin region is as yet but little UEde^

stood, it seems inadvisable at this time to attempt to refer the plant associations of this valley tofonnatmns.

The term "plant association, " as used in this paper, signifies an assemblage of plants occupying a rela-

tivelyuniform environment, having an easily recognizableappearance or "physiognomy” and characterized

by the p|edflininance of one or few species.
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Tabi^E lll^^TyP^ of the vegetation in Tooele Valley, 'Utah, and their dominant species.

of association or other plant community. ^

Si^ebmrfi association

3^d-htll mixed association. . . .

Kochia association

Shadscale association

Gieasewood-shadscale association.

Artemisia tridentata.

(

Artemisia tridentata.

Juniperus utahensis.

Chrysothamnus nauseosus albicaulis.

Kochia vestita.

Atriplex confertifolia.

fSarcobatns vermiculatns.
lAtriplex confertifolia.

I>oniinant spedes.

coBimimities

Salt'fiat communities

[Distichlis spicata.

Sporobolns airoidcs.

[Chrysothamnus graveolens glabrata.

fAllenrolfea occidentalis.

j

Salicomia utahensis.
[Salicomia rubra.

•Further investigation of the vegetation of the Great Basin region is needed before definite ecological
tank can be assigned to the grass>flat and the salt-flat communities.

DISTRIBUTION OF THE TYPES OF VEGETATION

The distribution and relative area in Tooele Valley of the different

types of vegetation is shown on the map (PI. XLII)

.

Nearly all of the dry land free from alkali salts which retains the

original plant covering is occupied by the sagebrush association. (PI.

XblV.) This type of vegetation covers the southern end of the valley

and also extends northward in a narrow fringe along the base of the

Stansbury Range to within about 5 miles of Great Salt Lake. Few
vestiges of the original cover remain on the eastern side of the valley,

but there can be little doubt that sagebrush formerly occupied the bench
lands and alluvial fans at the foot of the Oquirrh Range. The dominant
species of this association is also found along gullies and in depressions,

in the midst of areas otherwise occupied by the Kochia and shadscale

associations. It' is probable that most of the land now occupied by the

sagebrush association was laid bare before the waters of Lake Bonne-
ville had become strongly saline.

South of the center of the valley a rather extensive area of sand hills is

covered by what may be designated the sand-hill mixed association.

In this association also sagebrush is the dominant plant, but there is a
plentiful admixture of Utah juniper and certain species of rabbit brush

(Chrysothamnus), together with many herbaceous plants more or less

peculiar to sandy soils. Botanically, this is the most varied and inter-

esting type of vegetation occurring in Tooele Valley.
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The middle portion of the valley resembles the upper portion in the

dryness of the soil and subsoil during the summer, but differs in the high

salt content of the subsoil. This territory is di\dded between two types

of vegetation, the Kochia (PI. XLVI) and the shadscale (PL XLVII
fig. i) associations. The former occupies a sharply defined interrupted

belt extending well across the valley just south of the sagebrush

area and also penetrates the latter in the form of tongues and islands

which occur here and there far toward the head of the valley. (pi

XLIII, %• 2.) Lying just below the main Kochia belt an extensive tract

is occupied by the shadscale association, which on the western side of

the valley is prolonged in a gradually narrowing strip to the north end

of the Stansbury Range. While the boundary between the sagebrush

and Kochia associations is often very sharp (PI. XLVI, fig. i), that

between the Kochia and shadscale associations is much less distinct.

It is probable that the water of Lake Bonneville had become strongly

saline before the areas now occupiecf by the Kochia and shadscale asso-

ciations were laid bare and that the subsequent precipitation has been

too small to leach the salts then deposited to a greater depth than i or 2

feet.

As the elevation of the land diminishes, the pure shadscale is gradually

replaced by an association of greasewood and shadscale. The frontier

between the two associations is not sharply defined (PI. XLVII, fig. 2),

scattered greasewood plants appearing first along gullies or dra\v^ and

gradually, as Great Salt Lake is approached, mingling everywhere with

the shadscale. This association extends to the edge of the lake, covering

the summits of the low ridges and hummocks which are interspersed

among the salt flats. In Tooele Valley greasewood scarcely occurs in a

pure association, but is practically everywhere mingled with shadscale.

Between the main greasewood-shadscale area and the salt flats occur

the grass flats, a nearly level expanse, marshy in places, covered largely

with grasses and with a species of Chrysothamnus. (Pi. XLVIII, fig. 3.)

Near the present margin of the lake basinlike areas are found, many

of which are doubtless under* water at times. (PL XLIII, fig- i;

XLVIII, fig. I.) The larger of these appear in summer as bare expanses

covered with a glistening crust of white salts. Near their margins,

however, and often covering the entire surface of the smaller depressions

certain very salt-resistant plants occur, either scattered over the other-

wise bare ground or forming rather dense colonies. The most important

of these plants are Allenroljea occidenialis (PL XLVIII, fig. i)r which is

at home on the slightly higher margins of the basins, and two

^pedes of glasswort (Salicomia)—one perennial (S. utahensis) (Pl-

XLVIII, fig. 2), the other annual (S. rubra).
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To recapitulate, the dry, well-drained, nonsaline land in the upper

part of the valley, is occupied chiefly by the sagebrush association; the

(jry saline land near the center is covered with a vegetation of Kochia or

j^shadscale; the land in the lower part of the valley, which is often dry

on the surface but has a moist subsoil, bears a mixed vegetation of

gj^wood and shadscale; while the lowest areas near the lake shore,

where the soil is strongly saline to the surface and where during much of

the year even the first foot is wet, bear the salt-flat type of vegetation.

The grass flats occupy a moist, moderately saline area lying between the

two preceding. These relationships are shown in Table XVIII, p. 413,

and are graphically represented in figure 13 on p. 412.

Id the following pages descriptions are given of the several associations

and other plant communities, arranged in the order shown in Table IIT

SAGEBRUSH ASSOCIATION

TopographicAL Relations

The sagebrush association is one of the most important types of

vegetation of the Great Basin region. In Tooele Valley (see map, PI.

XIII) it occurs chiefly on the bench lands which skirt the mountains.

The best growth of sagebrush (apart from that on the sand hills as

described later) is found on the alluvial fans which are situated near the

mouths of canyons. In such places the moisture received directly as

precipitation is probably supplemented by water from the hills. This

type of vegetation extends across the southern end of the valley and

probably at one time formed a continuous belt, although fire and cultiva-

tion have greatly diminished the area originally occupied, especially on

the east side. Farther down the valley, below the main area occupied

by this association, sagebrush is found only on sand hills, along drainage

channels, and in depressions—places where the moisture conditions are

more favorable and more of the alkali has been leached out than in the

surrounding areas.

Botanicai. Composition

This association in its typical form is dominated by Artemisia irideniaia

(PI. XLIV) as almost the sole woody plant. In less typical phases two
orthreespedesof rabbit brush (Chrysothamnus) occur.* Many species of

perennial herbs associate with the sagebrush, especially in those portions

of the area which lie nearest the foothills. The following list includes

all shrubs and perennial herbs which were noted as belonging to the

sagebrush association.

’Iliese are never abundant and never attain their maxtinum size where they occur in the typical sage^

association in Tooele Valley. They appear more at home where associated with Artemisia on the
SMd hills, and at roadsides and akms ditches in areas which were funnerly covered with the sagebrush

*5«>ciatioo,
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PERENNIAL Sl-aviiss UK THE SAUBBRUSM J^SOCIATION f

Commoa or frequent

Agropyron spicatum (Pursh) Rydb.

^riocoma cuspidata Nutt.

Poa sandbergii Vasey

Sitanion jubaium J. G. Smith .

Zygadenus paniculatus Wats.

Eriogonum oDalifolium Nutt.

Opuntia sp.

Malvastrum coccineum (Pursh) Gray

Phlox longifolitt Nutt.

Casting Unafia^oUa Benth.

Arkmisia tridentata Nutt.

Chrysothamnus marianus Rydb. ,

Chrysothamnus nauseosmalbicaulk (Nutt

)

Chrysothamnus pumilus Nutt.

Erigeron pumilus HxitU

Guiierrezia sarotkrae (Pur^) B. and R.

Sertecio uintahensis A. Nels.

Less frequent or rare

Stipa comata Trin. and Rupr.

A triplex canescens (Pursh) James

Delphinium burkei Greene

Cou'onuj stansburiana Torr.

Astragalus arietinus Jones

heckwithii T. and G.

Astragalus utahensis T. and G.

Anogra palUda (Lindl.) Brit.

Gottro paroiflora Dougl.

Pockylaphus marginatus (Nutt.) Rydb.

Lappula caerulescens Rydb.

Lappula occidentalis (Wats.) Greene

ThaUsiafasciculata (Nutt.) Brit.

A ntennaria dimerpha (Nutt.) T. and G.

5airamofrAt>a Mrsuia Nutt.

Balsamorrhiza sagittata (Pur^) Nutt.

Chaenaciis douglasii H. and A.

Chrysopsis villosa (Pursh) Nutt.

Crepis occidentalis Nutt.

Layia glandulosa H. and A.

Leucelene ericoides (Torr.) Greene

Ptilocalais nutans (Geyer) Greene

Tetradymia inermis Nutt.

Numerous annual and biennial plants occur in this association. By

far the most abundant of these are two introduced species, Br<mus techrum

and alhlaria {Erodium cicuiarium), which in many places cover the

ground among the “sage” bushes with a dense mat of vegetation. The

more abundant or otherwise conspicuous annual and biennial plants of

the sagebrush association are given in the following list:

ANNUAI. AND BIENNIAL SPECIES OF THE SAGEBRUSH ASSOaATlON

Mentzelia laevicaulis (Dougl.) T, and G.

A nogra albicaulis ( Pursh ) Brit

.

Phacelia linearis (Pursh) Holz.

Cryptantkesp. ,

Lappula cupuhia (Gray) Rydb.

Lappula subdecumbens (Parry) Nels.

Amsinckia tessellata Gray

Appearance

cuaicieteristic appearance of the sagebrush association is illus-

JbEAled in Plate XLIV, figure i. During the early summer, when their

^maximum growth is taking place, the sagebrush plants present a silvery

I la this aad all foUowias lists of species the families are arranged in the sequence of Eufflcr and Prantl

(Die Natfirlicheaa PflanzenfamiUen), whiie the genera are arranged alphabetically under each family-

Bromus tectorum L.

Fesiuca octofiora hirtella Piper

Arahis longirosiris Wats.

Draha sp.

Sophia filipes (Gray) Heller

Sophia pinnata (Walt.) Brit.

Erodium cicutarium L’Her.

Mentzelia dispersa (Wats.) A. Nels.
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appea^ccj |l«e to the hairy covering of the young leaves. From the

niiddle of summer to the following spring the plants having lost many of

their leaves and the dark stemS being more in evidence, the appearance

cf the vegetation is decidedly different. Still another aspect is that of

the early fall when the Artemisia plants are in flower and give a yellow-

ish color to the vegetation. The contrast between the comparatively

vivid and varied appearance of the vegetation in early summer and its

monotonous aspect during the rest of the year is heightened by the

fact that nearly all of the flowering herbs belonging to this association die,

at least to the ground,

long before the close

of the summer.

In some parts of

the valley, especially

wherethe soil is sandy,

theplantsof sagebrush

are tall, vigorous, and

stand close together.

In other and more

extensive areas, where

the moisture condi-

tions are less favor-

able, they are scat-

tered and stimted, and

the proportion of new

growth to old wood is

small.* The plants, in

fact, look as if they Fig.j.—

a

representative 10-mcter quadrat of the sag^rushasaodation,

were slowly dying in showing the location of each indi\'idual of Artemisia iridenlata (A)

, ID £
(rttiicfreda sarothrae (Cr), these being the oviiy woody species

SUCn areas. by tar present. The figures show the number of main branches of the Arte-

the best growth of *“^*4 plants and hence indicate their relative size. The absence of 8

i . . . . , . figure indicates that there was only one large stem. A circle around
Artefmsta triaentaia is the a indicates a dead plant of Artemisia. Brotnus teciorum was

found on the sand hills abundant around the Artemisia hushes, and Sitanion was also

, - . . ^ , present. These two grasses are not shown on the quadrat.
and along imgatmg
ditches. In the greater part of the area occupied by this association the

plants are from 2^ to 4 feet high. Their frequency is indicated in figure

3> which represents a quadrat ^ platted early in the month of August in a
typical portion of this association as it occurs in Tooele Valley.

The associated herbs, although of many species, are not sufficiently

numerous individually nor sufficiently large in size to materially affect

the aspect of the vegetation, even when they are at the height of their

'
'fhese slow-growing plants teach a con^exable age without attaining a large stem diameter. Twenty-

n>ree annual rings were counted in a stem barely aK inches in cross section.
^ descriptums of the method of quadrats, see Clements, F. Research Methods in Ecology, Eincaln, 4

^905. p, 161-176; and also his Plant Physiology and Ecology, New York, 1907, p. acwaio.
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growth and blossoming. Moreover, they^ apt to be partly hidden

owing to their habit of growing close among the stems of the sagebrush.

After midsummer most of the herbaxiedUs species die, at least to the

ground, and during the rest of the year t)^ical areas when viewed from

a little distance appear to contain no species other than Artemisia

tridentaia.

Physicai. Conditions Indicated

The soils occupied by the sagebrush association, which consist largely

of products of erosion deposited upon the bed of the ancient I^ke

Bonneville, are rather coarse in texture and often contain much gavd.

All available data concerning the moisture conditions and salt content

of the soil in typical portions of this association as it occurs in Toode

Valley are given in Table IV.

Tabi<E IV .—Sagebrush associaiion: Moisture conditions and salt content of the soil jj|

typical arec^.^

Son, Moisture.—^Typical sagebrush land is characterized by a rather

light texture of the soil, as is indicated by the relatively low moisture

equivalent. In such soil water penetrates readily to considerable depths,

and the run-off must be small. Consequently, although the moisture-

holding capacity is low, the total quantity of water available to deep-

rooted plants is considerable.

The rapid growth of the sagebrush plants in the early part of the

summer results in a speedy exhaustion of the moisture available for

growth, and in most years the water content of the soil to the depth

reached by the roots is probably reduced by midsummer to below the
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^ting coeflfident in much the greater part of the ared occupied by this

association. That this is the case is strongly indicated by the fact that

most samples of soil collected during the month of June, 1912, showed

very little or ho moisture above the wilting coefficient to a depth of 4
feet (Table IV).

In places where the conditions for the reception of water and removal

of all^ali salts are more than usually favorable—c. g., along drainage

channels, in depressions, and in places where the soil has been loosened

by burrowing animals—there is probably available moisture within reach

of the roots during a longer period. Artemisia tridentata was not seen

growings under natural conditions where the water table is near the sur-

face of the soil.

^•4*—Artemisia iridemtaia (sagebrush): A, Detail showing the wedge-shaped, 3-toothed leaves by
uhich this plant is easily recognized; B, a small plant growing where hardpan occurred, showing the

deflection of the taproot from a vertical to a horizontal direction after reaching a depth of $ inches.

Optimum soil-moisture conditions for the growth of Artemisia triden-

tata are rarely realized in Tooele Valley, This is shown by the much
larger size and more vigorous appearance of the plants which grow on
sand hills and along irrigating ditches. In many places the tnayimtiTn

depth reached by the roots is only from 1 8 to 30 inches and is marked by
tbe presence of a hardpan consisting of coarse gravel cemented by cal-

careous material. The depth at which this hardpan is formed probably

f^epresents the limit of penetration of the rain water, and consequently

most of the roots of the sagebrush do not penetrate farther. The shal-

lowness of the moisture-holding layer of the soil greatly reduces the

absolute quantity of moisture available for growth. The effect is shown
‘0 the thin stand and in the small size and sickly appearance of the

plants (fig. 4), The eastern part of the valley, where most of the dry-
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fanning area is situated, was in all probability once coveti^ vdth sage-

brush vegetation, although few traces of it now lemsun, Herethe condi-

tions were probably more favorable for the ^owth of this plant than in

most of the area still occupied by it.

Salinity.—Reference to Table IV shows that in the typical s^.

brush land of Tooele Valley the salt content of the soil is extremely low—

lower, in fact, than in many soils of humid regions. Nearthe lines of con-

tact with other associations, however, Artemisia tridenidia frequently

grows where much salt is present at a depth of 30 or 40 inches. In snci

places the saline subsoil is an effectual barrier to the penetration of the

ixx>ts, the depth of soil from which the plant must extract its entire

supply of water is correspondingly limited, and as a result the plants ate

scattered, very small, and give every appearance of suffering from

drought.

An excellent example of this condition was observed on the west side

of the valley, where in a spot of considerable size the plants of Artemisia

were widely spaced, rarely more than 2 feet high, and had many dead

branches. Samples of soil collected in this spot on June 3 gave salt

contents and moisture contents as follows

:

Tabi.K V .—Salt content and moisture content {above or below ike wilting coefficient) oi

different depths of the soil where the sagebrush was small and suffering.

Depth. Salt coatent.

Moisture con-

tent above or
below wiltins
coefficient.

Feel- Per cenl. Per ctfti.

I 0. 05 — 2. 0

2 . 18 — 2. 2

3 -S3
- 3-4

4 .64 + .8

S -59

The roots of the plant alongside this boring penetrated to a depth of

only about 2 feet, at which point the taproot had died, and development

was continued by horizontal laterals. The feeding roots were mostly

confined to the first foot of the soil.

The most extreme condition as regards salimty which was noted at any

point in Tooele Valley where ArUmisia trideniaia grew was in a small

pocketlike depression among the sand hills where salts had accumulated

as a result of seepage from the surrounding dunes and where very small

sickly plants of sagebrush grew in company with greasewood (Sarcobatus)

and Kochia. The salt contents were as follows : First foot, o.i 6 per cent,

second foot, 0.51 per cent; third foot, 0.67 per cent; fourth foot, 0.66

per cent. The presence here of living plants of sagebrush is doubtless

explained by the fact that large seed-produdng plants of this sp^^

were growing on the surrounding dunes and that the salt content 0



8!i!fa<« wsis not high enough to prevent the germination and seedHng

giowth ^the Aitemisia.

Summary OK Physical Conditions.—^The observations made in

"Tooele Valley lead to the conclusion that in this area a good stand and

growth of s^ebrush indicates (i) a rather coarse textured, readily

permeable soil, with low run-off and good underdrainage (water table

low); (2) a depth of soil of at least 3 feet, in which water can be

stored and into which the roots of plants may easily penetrate; (3) at

least 3 ^eet of soil free from alkali salts in quantity sufficient to injure

ordinary crop plants.

Adaptations to the Physical Conditions

The herbaceous species of the sagebrush association are for the most

part shallow rooted, and, hence, are dependent upon the moisture of the

upper soil The great majority of them grow so rapidly during the

spring and early summer that, they are able to compile their develop-

ment and ripen seed before the water content of the first foot or two of

the soil has been exhausted to the wilting coefficient. When this occurs,

they die, at least to the ground.^ After the middle of July few living

plants except sagebrush are visible in typical areas of this association.

The dominant species, Artemisia tridentata (sagebrush) is able to

continue growth during a longer period. As shown in figure 5 and in

Plate XLIV, figure 2, it possesses a “generalized” type of roots ^—i. e.,

a highly developed system of laterals in the upper soil and also a deeply

penetrating taproot. The former are admirably adapted for securing

the moisture which penetrates only to a small depth during light rains

and for which in spring and early summer this plant must compete with

the numerous associated annual and perennial herbs. By means of its

taproot the plant can also avail itself of moisture stored at greater

depths® in the readily permeable soils which are preferred by this

association.

The great development of superficial lateral roots favors rapid growth

so long as abundant moisture is present in the upper soil, while the deep

penetration of the taproot permits the plant to continue growth at a

slower rate long after most of the herbaceous species of this association

have withered away. In typical areas of sagebrush vegetation as repre-

sented in Tooele Valley (PI. XLIV, fig. i) the available moisture is

probably exhausted before the end of the summer in all depths of soil

* They are for the most part "drought escaping” rather than "drought enduring.” See Kearney, T. H.,
and Shantr, H, L., The water economy of dry-land crops, U. S. Dept. Agr., Yearbook. 1911, p. 354-357.
1912.

*Sce Cannon, W. A., The Root Habits of Desert Plants, Washington, p. 87. 1911. (Carnegie Inst.,

Washington, Pub. iji.)
’ Plate XLIV, figure a, reproduced, from a photograph taken in the vicinity of Nephi, Utah, shows the

faproot ofAriemuta tridmiaUx extending vertically to a depth of over ts feet. The root penetration of this

under optimum conditions was not studied in Tooele Valley, but it is unlikely that in most of the

there occupied by this assodatioa the roots rcadi so great a depth. In this locality the deepest rooting

are doubtless those which grow on the sand hills.
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reached by, the Artemisia roots. The plants then lose of their

leaves and make no further growth until the following spring.'

The total transpiring surface is small in proportion to the size of the

plant, especially where the physical conditions are least favorable, and

this helps to prevent rapid exhaustion of the available soil moisture.

The limited amount of new growth made during exceptionally dry seasons

diminishes the dan-

ger of death from

drought. Another
circumstance which

serves as a protection

from this danger is

the thinness of the

stand. Even on the

sand hills, where the

conditions are most

favorable for their

growth
,
the sage-

brush plants are

rarely crowded. In

proportion as the

soil-moisture condi-

tions depart more

and more from the

optimum for this

species, the plants

are farther and far-

ther apart. Each in-

dividual (PI. XblV,

fig. i) is surrounded

by a space of ground

which is bare during

the greater part of

the year, although producing a few shallow-rooted herbaceous pl^ts in

spring tmd early summer. The wide spacing of the plants rs indrcated m

3-
Effects of Distckbing Factors; Successions

During the summer and autumn large areas of sagebrush are often

burned over. The fire consumes the dry '’«ba“ous growth ^
the

sagebrush plants are usually burned .to the ground. They do “ftJP

up from the old stumps, and the result is usually the complete mmoval

ofthe Artemisia. In the following year a mat of herbaceous v g^t .

composed chiefly of Bromus ieciorum and Erodtum cicutarwm, co —^

Sapbmsh is thaefoie to b. classed as a droDght-endmme" sp«ics. S« Kea™F ^

dt.. p. 354.355-

IfiC 5—A small plant ol sagebrush {ArUmiiia iridcnlaUi), showing the

deeply penetratinc taproot and good development of superficial lateral

roots typical of this species.
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ground among the blackened stumps. After a few years Gutierrezia is

likely to b^me the dominant plant on these burned-over areas. (PI.

XLV, fig. I.) This, in turn, is followed by the sagebrush, which gradu-

ally reestablishes itself.

In sagebrush land which has been plow'ed up and subsequently aban-

doned,the rwnoval of the shrubs favors the development of various annual

and bieimial weeds, such as Bromus iectorum, alfilaria {Erodium cicuta-

riiim), pigweeds (species of Amaranthus), Sunflower (Helianikus annuus),

wild tomato (Splonum tTiftorumj, vervain (VcTbcitOf hfocteosa^f etc. As
time go^ on, Gutierrezia saroihrae, a small, much-branched, yellow-

flowered composite, often becomes established and maintains itself

for a period which is short or long accordingly as the conditions are

more or less favorable for the reestablishment of the sagebrush. Sooner

or later the Artemisia reappears (PI. XLV, fig. 2), and unless fire or

some other disturbing factor inten^enes, the territory is eventually

reconquered by the original association. (PI. XLV, fig. 3.)

The succession after either fire or breaking may be shortened, Arte-

misia following immediately after the annual weed stage, without the

intervention of Gutierrezia. As a rule, however, the succession com-
prises (i) a growth of annual and biennial weeds, (2) a growth of the

perennial Gutierrezia, and (3) the return of the original sagebrush

vegetation.

Grazing does not materially alter the sagebrush vegetation, although

diminishing the numbers of many of the herbaceous species. Artemisia

tridentata itself is rarely eaten and is, in fact, bpefited by grazing, since

the plants which compete with it for the soil moisture are thereby

removed.
Variations from the Typicai, Association

Sagebrush with Kochia and with Shadscale.—Near the lower limit

of the main area occupied by sagebrusli this association comes into con-

tact with the Kochia and shadscale associations, and the dominant species

of the three associations often grow together in a mixed community. The

plants of Artemisia which push out farthest into areas occupied by these

other associations are confined to drainage channels, depressions, and
the vicinity of animal burrows. In such places the conditions as to

soil moisture are more favorable and the greater penetration of the

rain water has leached the salts into lower depths of soil than is generally

the case in Kochia and shadscale land. But along the frontiers of these

associations scattered, small, and sickly looking plants of Artemisia

mingle directly with Kochia or with shadscale.

Borings made where Artemisia tridentata and A triplex confertifolia grow

side by dide invariably showed the presence of salts in the second, or,

at the deepest, in the third foot of the soil. (Table VI.) The sagebrush

roots are unable to penetrate this saline subsoil, and the tot^fi quantity

of water available for the growth of this plant is correspondingly limited.
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Tabi^E Vl.—6alt content of the ml at points 'where Atimisia trUkntata and Airip]^
confert^oUa grew side by side.

soil.'

Salt content in boring No.-^

59 95 96

Feet .

1

2

3
,

4 ;

Per cent .

0. 06

• 27

Per cent .

0.

53

Per cent .

0, 12

• 53
1. 02

I. 36

Per cent,

0, 04
. 04
.76

Sagebrush with Juniper.—The Utah juniper (Juniperus utqkensis)

is abundant on the lower slopes of the mountains and also pushes

down into the upper part of Tooele Valley, where it occurs scatteringly

in the midst of areas occupied by the typical sagebrush association (see

background of PI. XUIV, fig. i), as well as on the sand hills. The pres-

ence of juniper away from the sand hills usually indicates a stonier soil

than that on which the typical sagebrush association occurs.

SAND-HILU MIXED ASSOCIATION

Topographical Relations

The sand-hill mixed association covers a limited area towards the

south end of the valley, lying directly in the path of the winds from the

southwest which sweep over the low divide separating Tooele Valley

from Rush Valley. Even when the air is nearly motionless in other

parts of the valley, a sandstorm may often be seen bloAsing in this quar-

ter. The sand is mostly heaped in dunes, which form more or less

continuous ridges having a general north and south trend. In places

where “blow-outs” have taken place the ground is sometimes bare,

but for the most part it is fairly well covered with vegetation.

Appearance and Botanical Composition

As is usually the case in arid regions, the vegetation of the sand hills

is characterized by the presence of a large number of species—far more

than occur in any other plant association of Tooele Valley. The appear-

ance of the vegetation as viewed a short distance away is determined by

the presence of a few woody species, notably sagebrush {Artemisia triden-

iata) and juniper {Juniperus uiakensis). Sagebrush is much the most

abundant of the woody plants of the sand hills, and the individual

plants of this species which grow there are the largest and thriftiest

found anywhere in Tooele Valley under natural conditions.

The Utah juniper fairly abundant on the sand hills. It occurs

as a large shrub or small tree, rarely exceeding 10 feet in height. Two

species oj rabbit brush {Chrysothamnus nauseosus albicaidis and C.

pumUus) are also common, while the remaining woody species of this
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association, Atriplex ^nescens, Grayia spinosoy Sarcobaiiis vermiculaiusy

aiid Purshia tfidentaiay are relatively infrequent. The predominance
of woody plants distinguishes the sand-hill association of Tooele Valley
from the corresponding type of vegetation in the Great Plains east of the
Rocky Mountains.*

Next to the shrubs, perennial herbs are the most important members
of this ^sociation. Noteworthy among these are two characteristic

sand-Ioving species, Psordled Idticeoldfa and Abronia solsd. Certain
bunch grasses, Eriocoma cuspidaUiy Stipa comata, and Agropyron spica-

turn, are also important constituents of this vegetation. A few annual
and biebnial species are to be seen during the first weeks of summer, but
the plants are too small and too short lived to greatly influence the
appearance of the vegetation.

The following list includes the more important species noted as occur-

ring in the sand-hill mixed association:

PBREXmAT, SP^I^

Juniperus Utahensis (Englm.) Lcmm.
Agropyron spicatum (Pursh) Rydb.

Eriocoma cuspidata Nutt.

Stipa comaia Trin. and Rupr.

Eriogonum ovalifolium Nutt.

Eriogonum kearneyi Tidestrom

Airiplex atnescens (Pursh) James

Euroiia lanata (Pursh) Moq.

Grayia spinosa (Hook.) Moq.

Sarcobaiiis venniculaius (Hook.) Torr.

Abronia salsa Rydb.

Purshia irideniaia (Pursh) DC.
Psoralea lanceolata Pursh

Gilia pungens (Torr.) B^nth.

Lappula occidenialis (Wats.) Greene
Castilkja linaria^olia Benth.

Artemisia irideniaia Nutt.

Chrysoihamnus nauseosus albicaulis (Nutt.)

Rydb.

Ckrysotkamnus pumilus Nutt.

Layia glandiilosa H. and H.

Senecio uiniahensis A. Nels.

ANNUAI. AND BmNNIAI. SPECIES

Abronia cychptera Gray
|

Gilia leptomeria Gray
Eriogonum cerniium Nutt. Crytanike sp.

Lcpidium pubecarpum A. Nels. Lappula sp.

Erodiunt cicutarium L’Her.
j

Physicae Conditions Indicated

The soil is nearly pure sand and is easily moved by the wind. The con-
ditions for penetration of the total rainfall are excellent and the run-off
is negligible. The great depth of loose soil is favorable to storage of
water during a long period after rains. Only one soil boring in this asso-
ciation was made (June 3), but the location was apparently in all re-
spects a typical one and the resulting data (Table VII) probably repte-
sent the average conditions of moisture and salt content of the soil where
tWs type of vegetation occurs.

vegetation as an indicator of the capabilities of land for crop production in the
KatFlaaw area. U. S. Dept. Agr.. Bur. Plant Indus. Bui. SOI, p. 58-60. 1911.
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Sand-hill mixed association: Moisture conditions and soU content of
the soil in a typical area} ^

Moistuie
content

Depth Moisture WUting above or Salt

(feet). equivalent. coefficient. below the content
wilting

coeffident.

I 9.2 5-0 —0.

1

0.03
2 9-7 5-3 4-0.7 •03

3 6.

2

3-4 +1.1 '

•03

4 5.8 3-1 4* 1.3 .04

5

6

.or

. ox

^ All datft are in percentages ol the dry wtdght o! the soil.

If the data given in Table VU may be taken as representative, land

occupied by this association is characterized by the following soil con-

ditions: (i) A low moisture-holding capacity, as indicated by the low

moisture equivalents, (2) available moisture present, at least during the

fore part of the summer, at a depth attainable by the more deeply pene-

trating roots, and (3) a very low salt content.

Adaptations to thb Physical Conditions

The soil-moisture conditions of the sand hills are obviously such as to

favor plants with deeply penetrating roots, and, accordingly, large woody

plants are predominant in this association. Sagebrush, the most abun-

dant woody species, is noteworthy for the great depth reached by its tap-

root when the conditions are favorable. Of the herbaceous species of this

association, some have a well-developed taproot, while others produce an

abundance of superficial roots. The shallow-rooted herbs, being de-

pendent upon the moisture of the surface soil, mostly complete thdr

growth and ripen seed early in the summer. Certain of the perennial

herbs, notably Psordea lanceolaia, spread by slender, creeping rootstocks

and can therefore withstand frequent burial. This plant is excellently

adapted to colonizing the blow-outs and may be regarded as the pioneer

plant of the moving sands.

KOCHIA ASSOCIATION^

ToroGRApmcAi. Relations

. The Kochia association (PI. XLVI) occupies a narrow and nearly con-

belt which extends across the valley along the lower boundary of

^ sagebrush area and lies between the latter and the shadscale area.

(See map, PI. XLII.) This type of vegetation likewise occurs as islands

of greater or less extent scattered through the sagebrush zone well

1 While this plant association is one ol the most unportant in Tooele Valley, it to be » mudi J®*

prominent leature oi the vegetation in other portions of central and 'western Utah. ^



toward theT^ of the valley. (PI. XLIII. fig. 2.) The boundaries
between the areas occupied by the Kochia and by the sagebrush asso-
ciations are usually very sharply defined. Equally abrupt is the change
in salt content of the soil, as is well exempUfied by the results of borings
which were made on either side of the line of contact shown in Plate XLVI,-
figure I. . The location of the boring in the sagebrush association is

marked by the position of the soil tube shown in the illustration. The
two borings were only 20 feet apart. The results are given in Table VIII.

TabLS Vlll.-SaU content percentages of the dry weight of the soil) on either side ofa Itne of contact between the sagebrush and Kochia associations. »

Depth (feet). Sagebrush. Kochia.

I ,
i

0. 03 0.31
03 r. 49

On the other hand, the boundaries between the Kochia and shadscale
associations are usually indefinite.

Kochia vesHia, sometimes locally known as "white sage/^ which is the
dominant species of the Kochia association, is also a frequent component
of the shadscale and greasewood-shadscale associations, reaching the
shore of Great Salt Lake with the latter association. But the small size

of the plants as compared with those of shadscale and of greasewood
makes Kochia an inconspicuous member of these associations.

In typical portions of this association Kochia vesiita is almost the only
species of flowering plant, except that where grazing animals are kept
off the land, a small grass, Poa sandbergii, is very abundant. Pew other
species occur, and these are seldom represented by numerous individuals.

The following list includes all species of flowering plants which were noted
as occurring in typical areas of the Kochia association:

Botaxicai. Composition

Kochia vestita (Wats.) A. Nels^

Poa sandbergii Vasey

Erodium cicutarium L’Her.

Upidium sp.

Sphacrostigma pubens (Wats.) Rydb.
Opuntia sp.

Cutierrezia saroihrae (Pursh) B. and R.

Appearance

The Kochia association is the most uniform in appearance of the types
of vegetation occurring in this valley (PI. XLVI, flg. 2). It is virtually a
Pspeaes association. The height of the plants varies but slightly over
large areas and usually docs not exceed 6 inches. Owing to the low
growth and the hairiness of the plants (see text fig. 7 and PI. XLVI, fig. 3),^ area of Kochia presents at a little distance the homogeneous appear-^ of a gray blanket. Even at a distance of several’ miles, the strips

2439S““-14 ^3
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and islands occupied by this plant are easily distingui^^^ from sur-

rounding areas of sagebrush vegetation (PI. XIyin,.fig. 2). The contrast

is especially striking in spring and early summer when the s^ebrush has

a silvery green color, which is quite distinct from the dull gray of tte

Kochia.

When viewed closely (PI. XLVI), the plants are found to be sep-

arated by patches of bare ground which vary in, rize aS the physical

conditions are more or less favorable. In a more distant view the l^ht

ashy color of the soil occupied by this association blends with the color

of the plants themselves, and this tends ' to create the impression

that the plant cover-

ing is dense. In

fenced areas occupied

by this assodation the

color is modified to a

yellowish or brownish

gray during a* few

weeks in the early

part of the summer,

owing to the abun-« ,

dant fruiting heads of

a small grass, Poa

sandhirgii (PI. XLVI,

fig. 3). But most of

this land is grazed by

sheep, which soon ex-

tirpate the grass or at

least prevent its flow-

ering, while leaving

the Kochia practically

undisturbed. The

distribution of the plants of Kochia and of Poa in a typical, unmodified

quadrat of this association is shown in figure 6.

Fig. 6.—

a

representative lo-meter quadrat of the Kochia association,

showing the location of each tuft of Kochia (A) and of each matiike

colony of Poa sandbercit (P).

PHYSiCAiy Conditions Indicated

The type of land occupied by the Kochia association in its typical form

is uniform and well defined. The soil is remarkably homogeneous to a

depth of several feet, fine in texture, and dose in structure. Unlike sage-

brush and shadscale lands, there is usuaUy little gravel present. IM

smooth, polished condition of the surface after it has been wet mdeates

that this soil puddles readily. The conditions for the penetrarion ol

water are, therefore, unfavorable, and the run-off is doubtless hig •
,
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assccuUion: Moisture conditions and salt content of ike soil in
typical areas,^

^ '

jfo.ctsfmpic.

.

Vi!tin|r;Ooe£Gd«iit. .

.

U(^uTe omtfmt above
or below wilting coeiffi*

dent.....

Date of collection.

I'll June. July. August.

I 7 18 x8 3 5 12 3 7
Aver-
age.

44 45 65 70 78 11610s

f
^ 23.0 3S-8 21. 7 26. 0 25.8
2 25-5 25. 2 30- 3 26. 4
3 3.3-3 35-0 29- 4 36.8

34-3
1 ? A 33-5

4 31.4 34-2 24. 4 35-

0

d 5

I 12-

S

19-5
I

II-

8

14- I 13. 4 T, «
,

2 13- 9 13-7
I

16. 5 14- 3 16. 0 1 i *3 ^
14. 7
i& a

17.3

3 18. I X9. 0
1

16. 0 18. 7 2a 0 17-6
4 17.0 18.6

1

13.2 19-0 18.6

I -r.8 -9.2 -4-2
i

-6. 2 -5-8
,

2 -r. s -2.6 ~
3

1

+ 1. 6 -6. I —^8
3 -S-3 -2.0 —2. 0 + 2. 0
4 -3-2 -S-o — I. 9 +1.6 ~3- 3

1 i

.05

30
.82

.08

. 16

. 60

.70

.04
• 14

•52

.78
1

. 22

I. 14

1.02

‘.14

-301

1*56

.07

47
1. 10

1-43

. 06

>32

.38

•97

. 18

. .80

;

1-36

>31

1.49

1-36

1. 76

.05
*31

.92

1. 10

4

• 12

•55
1.02

1.11

J All data in this Ubie are stated in percenUges of the dry weight of the soil. The moisture contents
with a plus sign (+} represent moisture available for growth (above the wilting coefficient), while those
with aminus sign (— ) represent a corresponding deficit of available moisture (below the wilting coefficient).

Son, Moisture.

—

The moisture equivalents given in Table IX indi-

cate that the moisture-holding capacity of the soil is much higher in

Kodua land than in sagebrush land. 'The moistiire contents in typical

areas show that as early as the first of June, 1912, the soil to a depth of

4 feet was usually devoid of water available for plant growth. The
deficit was usually greatest in the surface foot, partly no doubt because

of surface evaporation and partly because of the shallow-rooting habit of

Kockia vesiiia.

Sai^djity.—

T

he soil in typical Kochia land, at least in Tooele Valley,

is usually free from an injurious quantity of salts in the surface

foot.. On the other hand, the second foot is usually, and the third and
fourth feet are almost invariably, highly saline. In places where the
surface foot contains much salts the plants of Kochia are scattered and
stunted.

There is some evidence that the presence of Kochia vegetation, al-

though in the great majority of cases associated with a strongly saline

subsoil, does not invariably indicate such a condition. In the upper
part of Tooele Valley an island of Kochia (PI. XTHI, fig. 2) several acres
^ extent, in the midst of the sagebrush zone, was found to be underlain

^ a depth of 30 inches by a gravelly hardpan. The soil just above this

stratum contained only about 0.2 per cent of readily soluble salts. It

would seem that here the presence of hardpan rather than of salts had
^^ised the Artemisia to give place to Kochia.



The conclusion seems warranted that the presence of the Kochia
assodation to the exclusion of sagebrush is determined by the oecurtenc^

of I or at most 2 feet of soil free from an excess of salts, underlain by ^
subsoil which is strongly saline or which for some other reason is tm
favorable to deep penetration of roots.

Summary op Physical Conditions.—In Tooele Valley the land occu-

pied by the Kochia association is distinguished from that occupied bv
the sagebrush association by its finer texture, its tendency to puddle at

the surface and, hence, resist the penetration of water, and its higher

moisture-holding capacity, and also by the limitation of the depth in

which the roots can freely develop to not more than 24 inches, the

obstacle to deeper penetration being usually the high salt content of the

subsoil.

Adaptations to Ph\^icat. Conditions

Since Kochia vestita is the only very important species of the Kochia
association, the structure of this plant alone need be considered in its

Fig. T.~Kochia vestita: A, Detail, showing the narrow, hairy leaves; B, a plantshowing theshallowroot

system and the propagation by root shoots.

rdations to the physical conditions. The underground portion of the

plant (fig, 7) is well adapted to the comparatively small depth of soil

from which the total supply of water must be obtained. Kochia mtiia

spreads by means of long, slender-branching root shoots, which extend

almost horizontally for distances of 10 feet or more, and often at a depth

of only 3 inches from the surface of the soil. At intervals clusters of

vertical shoots are sent up, and, hence, the plants above ground appear as

isolated, unconnected clumps. In typical portions of this association the

feeding roots are limited to the first 12 to 18 inches of the soil, the depth

which is usually free from excessive quantities of alkali salts.

At one point where the root distribution was studied with special care,

living roots were traced to a depth of about 18 inches, and at that depth

the soil contained 0.9 per cent of salts, while at a depth of about 21

inches there was i.6 per cent. Below this depth traces of dead roots

were observed. Excavation at another point, where the first 6 inches
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0f tbe soil contained about 0.15 per cent of salts^ the second 6 inches

0,36 per cent, and the second foot 1.2 per cent, showed only dead roots

{)elow the depth of 12 inch^. A possible e!xplanation of these circum-

gt^ces would be that in some past period of exceptionally heavy rain-

the salt had been washed down to an unusually low depth and that

the growth of the roots had kept pace. In subsequent years an upward
movement of the salts would have resulted in the death of the deeper

roots.

The total quantity of water available for growth in Kochia land is

probably less than in any other type of land in the valley. The quan-

tity of organic matter produced is also less, and although the plants

often remain alive throughout the greater part of the summer the total

quantity of water transpired is necessarily small.

Pod sdudbezgitf the only other abundant species of this association, is

a shallow-rooted gmss, which ripens its seeds and withers to the ground
early in the summer. It is clearly dependent upon the moisture avail-

able in-the surface soil.

Effects of Disturbixg Factors: Successions

Where Kochia land has been plowed so as to completely destroy the

original vegetation and subsequently has been abandoned, the reestab-

lishment of the Kochia probably takes place rather slowly. When the

“breaking” has been less thorough and a few plants have been left alive,

the reestablishment of the Kochia proceeds more rapidly. The interven-

ing stage of annual weeds or of Gutierrezia, such as occurs when the

vegetation has been removed from sagebrush land, apparently does not

follow after breaking on Kochia land.

Grazing is general in Tooele Valley, where many sheep are wintered.

Kochia land is especially suitable for pasturage, being relatively level

and free from spiny shrubs. The Kochia plants themselves are usually

not much injured by grazing, but the associated grass {Poa sandbergii)

is eaten to the ground and is often almost wholly eradicated.

Variations from the Typical Association

Kochia with Sagebrush,—

A

s was pointed out above, Artemisia

.
irideniata penetrates Kochia areas along drainage channels and in other

places where the soil-moisture conditions are more favorable and the

salt content smaller than in typical Kochia land. When associated with

sagebrush, the plants of Kochia are much larger and more vigorous than

where this plant occurs in the pure association.

Kochia with Shadscale.—On the lower edge of the Kochia zone

plants of shadscale appear, scatteringly at first, then in greater numbers,

until finally the two species are found mingled together in approximately

‘equal proportions over large areas. The shadscale, being much the larger

plant, is alone visible at a short distance, even where it is numerically



^94 ‘ J^md of AgricuUnrd

not ^peiior to the Kochia. The Ijne df demarl^tion
the

Kodaia and shadscale associations is never a sharp one, and this eon-

forms with the fact that the physical conditions indicated by. the two
types of vegetation are similar.

SHAOSCAhE ASSOCIATION

Topographic

A

i, Rst^aTions

The shadscale association isoneof the most characteristicand important

of the Great Basin region In the Tooele Valley (see map, PI. jt

occupies a wide belt across the middle part of the valley, just below the

Kochia belt, extending farthest northw^ard along the base of the Stens-

bury Range. The dominant species as a constituent of the gre^wood-

shadscale association extends to the edge of the grass flats and beyond

that area occupies ridges and hummocks on the salt fiats which border

Great Salt Take. Isolated small patches of pure shadscale also occur

within the area mapped as salt flat.

Botanical Composition

The most abundant plant of this association is the species of ^Itbush

{Atriplex conjertifolia) which is commonly known as shadscale, from the

shape of the scalelike bracts w^hich envelop the fruits. (See fig. 9.) The

number of associated species is much smaller than in the sagebrush

association, and those which occur are usually represented by fewer

individuals. The plants which were noted as occurring in this associa'

tion are the following

;

perennial species

Poa sandhergii Vasey

Sitanion minus Smith

AlUwn acuminatum Hook.

Atriplex conferlifolia (Torr.) Wats.

Eurotia hnata (Pxirsh) Moq.

Kochia vestita (Wats.) A. Nels,

Opuntia sp.

Lappula occidenlalis (Wats.) Greene

Artemisia spinescens Eat-

Chrysotkamnus marianus Rydb.

Tetradymia glabrata Gray

Tetradymia spinosa H. and A.

Annual and biennial species

Bromus marginaius seminudus Shear
j

Cryptanthe mulHcaulis A. Nels.

Lepidium jonesii Rydb.
j
Oreocarya shantzii Tidestrotn

ThelyPodium ekgans }onts
I
Townsendia watsonii

Appe.arance

The general appearance of the shadscale association (Pi. XLVII, fig. i)

is due almost entirely to the*dominant species. Atriplex conferHfolior^

found in Tooele Valley is a rounded bush, usually about 18 inches in

height and also in diameter, with rigid, spiny branches and harsh dry-

looking foliage. (See fig. 9.) The individual plants tend to form low

hummocks, the soil immediately about them being held by the ‘partly -



branches, while the bare ground between is subject
tqbldti^g.*

the l^'evaiKiig color is a dull grayish brown, turning to reddish brown
in autumn. Plants growing in depressions, where the moisture condi-

tions ^ exceptionally favorable, have a bluish hue. Viewed from a
'short distance the association gives the impression of extreme monotony
and lifelessness.

The distribution of the plants is indicated in figure 8, which repre-

sents a quadrat lo meters square, in a typical portion of this asso-

oatipn. Where the

conditions are most

favorable, the pla;its

haVe a fairly vigorous

appearance and cover

somewhat more than

half the ground, the

stand being frequently

more dense than is

usually^he case in the

sagebrush association.

In much the greater

part of the area, how-

ever, the proportion

of bare ground is

greater and the plants

seem to be having a

hard struggle to main-

tain life, many of their

branches being dead a representative lo-metcr quadrate/ the shartscaleasbodation,

j . . A showing the location of each individual plant of Airiplex confertifolia

ordying. (Fl.XXyVII, (A), the only woody species present, and o/ Opuniia sp. (0). The

fig. I
.) No other vege-

tation in this valley

figures show the number of main stems and, hence, indicate the size

of the plant. A circle around the letter indicates that the plant is

dead. Seedlings of Atriplcx are indicated by the small a. The an*

gives the impression of

bemg so nearly con-

nual grass Bromus (not indicated on the quadrat) was very abun-
dant around the Atriplcx bushes.

quered by the environment. Even the few species which grow on the
salt flats have the appearance of finding their habitat more congenial.

The associated species contribute scarcely at all to the general appear-
ance of the association. Annuals are of very minor importance. The
small shrabs of the family Compositae which occur here and there are
loo few in number of individuals and are too much like the shadscale in
habit of gfowth and dullness of color to influence materially the aspect
of the v^etation. Kockia -vesiita is associated with the shadscale in

Qrtenave areas where the vegetation appears otherwise typical of the
P^^sent ^sodation. The much smaller size of the Kochia plants makes
them inoonspicifoiis.
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Physical Conditions Indicated

The conditions in shadscale land as regards moistnre and c>ontent

of the soil are shown in Table X, which gives the results of various

borings in t3^ical areas.

Table X .—Shadscale association: Moisture conditions and sail content of ihe soil tn
typical areas}

Date of coUectioa.

Depth
of soil

(foot).

3 7

17 34

.......

i

0 10

•36

.40

0. os

‘OS
. 22

July. August.

Moisture equivalent.

.

Wilting coefficient..

Moisture content above or below
wilting coefficient

1-6.5
-4' S

•M

ji-b

34-5

30*6

la, 4
16.8

18.7

16.6

-S-fi

“S-a

* All data in this table are stated in percentages of the dry weight of the soil. The moisture oontents

with a plus sign ( +) represent moisture available for growth (above the wilting coeffidcat), while those

with a minus sign (-) represent a corresponding defidt of available moisture (below the wilting coefB-

dent).

Comparison with the corresponding data in Table IX shows little

difference in the physical conditions of the shadscale and Kochia land.

The surface foot of soil in the shadscale association usually contains more

gravel and is of somewhat lighter texture, as indicated by the somewhat

lower average moisture equivalent. This, together with the rougher

surface of the land, would indicate more favorable conditions for the

penetration of water. ^ On the other hand, the second, third, and fourth

feet show a more constant and more pronounced deficit of available

moisture than is the case in Kochia land. At first glance this would

seem to confute the assumption that the conditions for the penetration

of water are better than on Kochia land, but it must be remembered

that in shadscale land, which supports much the heavier vegetation, the

loss of water by transpiration must be greater.

The average salt content at all depths down to 4 feet is somewhat

smaller in shadscale than in Kochia land, but in this respect the dif

ference between the two types is of small importance.

1 In some parts of the shadscale area, especially where Kochia vesliia is abundant, a tendracy

mation of hardpan at a depth of about 24 inches was noted, but this condition appears to e ex

in Tooele VaUey.
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An 8-foot bormg made in a portion of the shadscaie area where Kochia
ixstila yfas also abundant gave interesting residts as regards the salinity

rf the soil at greater depths than were reached by any of the borintp
included m Tables IX and X. The percentage of salt contents at tL
successive i-foot depths were o.io, 0.79, 1.02, 0.98, 0.92, 0.88, 0.94 and
,.02, whidi mdicates a very, uniform condition as regards salt content of
the sol! below the second foot and to an unknown depth.
The differences in the averages for each physical factor as given in

Tables IX and X scarcely seem of sufficient magnitude to explain the
separate occurrence of A triplex conjertijolia and Kochia vestita in distinct
associations alternating over large areas, especially when we note that
some of the borings in typical portions of each association show almost
identical physical conditions. It is not surprising therefore that the line
of contact between the two associations is a vague one and that the two
spepies mingle on equal terms over areas of considerable extent. Yet
there is a possible explanation for the alternation of these two types
which is not brought o#t by the data given in these tables. In Kochia
land, because, of the less favorable conditions for penetration, the sea-
sonal total of available moisture may not be sufficient to support a stand
of shadscaie in competition with Kochia.

The distribution of A triplex conjertijolia appears to be limited toward
the upper end of the valley by the occurrence of light, easily penneable
soil which is free from an excess of salts to a depth of 3 feet or more. In
such land shadscaie can not compete with sagebrush. Toward Great
Salt Take it is confined to the drier, better drained land of the hummocks
and ridges and is excluded from the fiats where the soil is excessively
saline and is wet to the surface during much of the year.

Areas of very limited extent are found here and there in which the
shadscaie plants are much larger than the average and have a green,
thrifty appearance, with a notable absence of dead wood. In such spots—
generally obvious depressions—the soil conditions are more favorable
than in most of the shadscaie area, the salt content being lower and the
moisture content higher. The results of a boring in one such spot, made
on July 13, are given in Table XI.

Table XI. Salt content and moisture conditions of the soil in a spot where Atriplex
confertifoUa was exceptionally large and kealiky}

Depth (feet). Salt content.
Wilting coefli-

cient.

Moisture con-
tent above or
below wilting

coefficient.

I 0. 06 20. 5
— 10. I

2 05 17.4 — 2. 0

3 .09 18.3 4- 2.8

4 .0, 18. I 0,

0

* All data in percentages of the dry -weight of the soil.



SlTMMARY OF PHYSICAL CONDITIONS.—The presence of the typical
shadscale association as it occurs in Tooele Valley indicSt^ usually

(i) a soil of finer texture, having a higher moisture equivaJ^t than ia
•sagebrush land; (2) a deficit in midsummer of moisture av^able for
plant growth; (3) a high salt content of the soil below the depth of i or
2 feet;^ and (4) as compared with land occupied by the Kochia assoda-

FlO.

9

.— conferiifolia (shadscale); A, A typical plant, showing the thick, vertical tapfoot andtlie

widespreading lateral roots; B, detail of a fruiting branch, showing the shape of the leaves and of thebcacts

or scales, which envelop the fruits.

tion, a somewhat lighter and more gravelly texture in the first foot and

a much more uneven surface—conditions which probably result in

better penetration and, hence, in a larger seasonal total of water available

for plant growth than on Kochia land.

Adaptations to Physical Conditions

The dominant species, Airiplex conferiifolia

^

need alone be conadered

in this connection. As shown in figure 9, this plant has a well-developed

* In localities outside of Tooele Valley shadscale is not confined to areas having a saUoe subfioa, hut is

also found on dry, gravelly soils where the moisture conditions are apparently too extreme for sagdmt^
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its root system being, therefore, very different from that of
Kcck^'oesHta:. .

.

The roots of shadscale, although by no means so deep as those of
AriefHisia trideniata, doubtless as a rule penetrate and obtain water
from a. greater depth of soil than do the roots of Kochia.* This would
help to explain the fact that, notwithstanding the more favorable con-
ditions fer penetration of water, the deficit during periods of drought of
moisture available for growth in the second, third, and fourth feet is

normally greater in shadscale than in Kochia land.

The moribund appearance in 1912 of the shadscale plants in most of

the ar^ covered by this association in Tooele Valley points to the con-

clusion that in years of not more than average rainfall the moisture
supply is inadequate. Thus, in 1912 the moisture available for growth
bad been exhausted to a depth of 4 feet, and the plants had begun to

shed their leaves before the end of June. Apparently, with the normal
thickness of stand in this association, the older individual plants can not
obtain sufficient water to maintain life in all parts of their bodies. The
branches are in active competition and the plant as a whole remains

alive only by sacrificing some of its members. The death of some of the

branches in almost every plant which has passed the seedling stage

reduces by so much the transpiring surface and results in a proportionate

economy of the scanty moisture available to each individual. To an
even greater degree than Artemisia trideniata this plant has the faculty

of remaining during a great part of the year in a nearly dormant condi-

tion, while retaining some of its foliage.

Efpects of Disturbing Factors: Successions

The exact stages in the revegetation of shadscale land from which the

original plant cover has been removed by fire or by the plow remain to

be worked out. There is evidence, however, that Guiierrezia sarothrae

forms an important stage in these successions. A large area near the cen-

ter of Tooele Valley is covered with an almost pure growth of this small,

yellow-flowered plant of the Compositae. While a part of this tract was
probably once occupied by sagebrush, the greater portion occurs in the

midst of the shadscale belt and has a strongly saline subsoil.^

* Nevertheless, the Atriplex roots do not develop well in a strongly saline subsoil. Thus, at a boring
where the firstfoot of the soil ooutained o.i and the second 0.8 per centof salts, few living roots werefound
below the depth of 12 inches.

’This plant shows mariced adaptability to varying soil conditions. In areas having a saline subsoil,

wfajch were presumably covered originally with shadscale. the plants of Gutierrezia are scattered and
small and hare a superficial root system, while in nonsaline areas, where sagebrush was probably the
oririnal vegetation, the stand is denser, the plants ate larger, and a good taproot is developed.
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Variations from thr Typical AssoaATiQN

The shadscale area in Tooele Valley* comes into contact on its upper

limit with the sagebrush and the Kochia associations and on its loww
limit with the greasewood-shadscale association. In each case mixed

or transitional communities result. The conditions under which shad

scale mingles with sagebrush and with Kochia have been ‘discussed on

preceding pages. The transition to the greasewood-shadscale associa-

tion, which is a very gradual one, will be treated in connection with the

latter association.

GREASEWOOD-SHADSCALE ASSOCIATION

Topographical Relations

The area occupied by the greasewood-shadscale association forms an

interrupted belt (see map, Pi. XLII) across the valley between the areas

occupied by the shadscale association, and by the grass flats, respectively.

It also covers the low ridges and hummocks which alternate with the

basinlike depressions and flats near the shore of Great Salt Take (PI.

XLIII, fig. I, and PI. XLVII, fig. 3). In general, it occupies all areas

where the water table is sufficiently high to make moist soil accessible to

the deep-rooting greasewood and where at the same time i or 2 feet of

the surface soil are sufficiently dry to permit the growth of shadscales

Where the water table is too low this association gives place to the pure

shadscale. On the other hand, as the soil becomes wet nearer and nearer

the surface, the shadscale gradually disappears and at the edge of the

grass flats greasewood associates with Allenroljea occidentalis and Suaeda

moquinii instead of with A triplex conferiijolia.

Botanical Composition

This type of vegetation is dominated by two shrubby species, grease-

wood {Sarcobatus Dermiculatiis

;

see fig. 10, p. 404) and shadscale {Atriplex

conferiifolia; fig. 9, p. 398). In typical areas these plants intermingle in

approximately equal numbers, but on the highest ground (PL XTVII,

fig. 2) shadscale is strongly predominant, while on the lowest land where

this association occurs greasewood is the more abundant. Kochia vestUa

is abundant in much of the area occupied by this association, but the

plants are so small in comparison with the two dominant species that

they do not affect the general appearance of the vegetation. In spots of

limited size greasewood and Kochia are associated, shadscale being

absent. The soil conditions in such spots do not differ materially from

those of the typical greasewood-shadscale association. Few other species

are found, and of these the number of individuals is usually small. The

following list includes all species noted as occurring in the greasewood-

shadscale association

:
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pbrbnniai, sPEaEs

Elymus condensaUis Presl

Poa sp. {P. sandbergii Vasey?).

Sitanion mirMs Smith

Airiplex cofifertg’olia (Torr.) Wats.

Airipkx nuttalUi Wats.

Eochia vestiia (Wats.) A. Nels.

Sarcobatus vermiculatus (Hook.) Torr.
Suaeda moquinii (Torr.) A. Nels.

Suaeda intermedia Wats.

Lappula occidenialis (Wats.) Greene
Outierrezia saroikrae (Pursh) B. and R,
Teiradymia nuttalUi T. and G.

ANNUAL AND BIENNIAL SPECIES

Bromus iectorum I,.
1 pinnata (Walt.) Howell

Erysimum asperrimum (Greene) Rydb.
|
Machaeranthera canescens (Nutt.) Gray

The local distribution of most of these plants varies greatly within the
area occupied by the association, probably because of the great diversity
in the depth to permanent moisture and at which the subsoil becomes
strongly saline.

Appearance

This type of vegetation is less monotonous in its appearance than the
sagebrush, K!ochia, and shadscale associations, owing to the strong
contrast in color and usually in size between the two dominant species.
(PI. XTVII, fig. 2.) Greasewood has a bright-green color, changing to
yellowi^ later in the season, and appears dark when photographed
against the sun. Shadscale, on the other hand, has a dull brownish gray
hue. The former plant often reaches a height of 4 or 5 feet, while the
latter seldom exceeds 2, feet.

At the highest elevations occupied by this association there is sufficient

moisture for the growth of greasewood only along drainage channels,
and the general surface of the land is covered with pure shadscale.
Somewhat farther toward Great Salt Lake plants of greasewood are
scattered among the shadscale, although much less numerous than the
latter. Finally near the borders of the grass flats and on the ridges and
hillocks which intersect the salt flats the two species grow side by side
on more or less equal terms, and their colors blend when the vegetation
is viewed from a short distance.

Physical Conditions Indic.ated

The soil moisture and salinity conditions, which characterize typical
portions of the land occupied by this association, are indicated by the
data inTableXII. Comparison with Table X will bring out the differences

between this environment and that of the pure shadscale association.



Tablb XII .—Greasewoodshadscale association: Moisture conditions content of
the soil in typical areas^

J>ate of coUecUoh. •

Item.
of

soil

(feet).

June. July.

4 7 3 3 6 A'Wjl

age.

19 35 63 66 69 7S
i

.

Moisture equivaleat

1

i

3

4

2!. 9
13’

3

27. 0

26. 5

30, 8

35-3
30. 2

26. 5

34-

a

31-

5

3 X-S

261 I

32-

3

33

-

5
31.3

28.5

24-8
aaS
17'

S

15-5

M-?
22.3

24.2

»4*I

26.6

»6.i

269

1

Wilting coefficient
'

1

3

4

JI.9

12.4

7. 2

J 4- 7

14.4
16. 7

19. 2

16.4

14.4
18-6
17-

1

17. r

14-2

17'

S

18. 2

17.0

»S-5

13-

S

II. 2

9-5

81 4.

&0
I

13.1

r3't

14-4

^14.6

Moisture content above or below
I

+ 4-5

+ 3 -S
'

- -5

-H 6. 1 i

+ 10. 2

- 4-4
+ 41
4- 4-1

- 4*4
+ 3-a

+ 4-3
-1- 2.8

- -3

+ 3-1

+ &8

- 4-74
+ -4
^ 3*3

- 2.4

3.6

+ 5-7

+ 5.34 + I.O + 8.4 + 3‘9
'

+13.

1

+ 2-5

Salt coutent
1

^

1

.oS

. 61

. 62

1.30

I. 06

0. os
38
.82

94

.64
1. 24
1-85

1.36

•37

•S4
•65
r.05

154
1. 10

1.36

1.48

. 61

,61

.68

.76

23
• 6a

1.2s

•34

•72

1.93

1. 15
1.

’ All data in this table are stated in percentages of the dry weight of the soil. The moifiture contents

with a plus sign (+) represent moisture available for growth (above the wilting coefficient), while those

with a minus sign (— ) represent a corresponding deficit of available moisture (below the wilting coeffideat).

Soil Moisture.—The moisture-holding capacity of the soil, as indi-

cated by the moisture equivalent, is somewhat higher in the first foot,

but is lower in the second, third, and fourth feet than in the shadscale

association. It is significant that moisture available for the growth of

plants was present in considerable quantity during the months of June

‘ and July in all but the surface foot in the greasewood-shadscale associa-

tion, while in the shadscale association during the same months there

was a marked deficit of available water to a depth of 4 feet. The rela-

tively high moisture content is correlated with the relatively slight

elevation above the level of water in the lake and with ^sl consequently

high ground-water table.

Salinity.—The average salt content of each of the first 4 feet of the

^il is much higher than in the shadscale association, the difference being

especially marked in the second foot, which contains, on the average, as

much salts as does the third foot in land occupied by pure shadscale.^

Summary ok Physical Conditions.—Ih Tooele Valley the presence

of typical greasewood-shadscale vegetation indicates soil conditions as

•follows: (i) A fairly high moisture equivalent; (2) the surface foot well

drained and usually dry during the summer; (3) moisture available for

the growth of plants present throughout the summer at a comparatively

slight depth; (4) a high salt content from the second foot downward an

often in the surface foot as well.
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f Adaptahons to thb Physical Conditions

The two dominant spedes have somewhat different soil requirements
and the land occupied by this association offers a combination of con-
ditions wHch permits them to grow side by side. Greasewood prefers

an ample and permanent supply of moisture within reach of its roots

and its s^ng, deeply penetrating taproot (fig. lo) enables it to reach
moisture in places where the surface soil is dry and the ground-water table

is at a conademble depth. This plant can live in soil which is moist to
the surface, although under such conditions the plants are never as
large and vigorous as where a higher elevation and a subsoil of light

texture afford better drainage. Shadscale, on the other hand, does not
thrive with its roots in wet soil, and its presence is usually a refiable

indication that at least the surface foot is dry during the greater part of
the summer.

Greasewood (Sarcobaius vermiculaius) grows in a greater variety of
habitats than any other flowering plant of the Tooele Valley. It was
found in one place or another in company with the dominant species

of of the leading associations. In much the greater part of its range
in the valley greasewood is associated with shadscale, but there are excep-
tions to this rule. The largest and thriftiest looking greasewood plants*
grew on the summits of dunes of pure sand, together with sagebrush,
juniper, Eriocoma, Abronia, Eriogotium, Psoralea, and other character-

istic plants of the sand-hill mixed association. Shadscale is absent from
this community. At the other extreme greasewood occurs in company
with Allenrolfea in land which is too wet and saline for the growth of

shadscale. The widely different conditions in these two environments
are indicated by the data in Table XIII.

Tabi.B Xlll.^Moisture equivalent and salt content of ike soil where Sarcobatus
vermiculaius occurred—on ike sand hills and with Allenrolfea}

Moisture equivalent. Salt content.

Depth
(feet). On sand With On sand With

bills. Allenrolfea. hills. Allenrolfea.

I 6. 2 31 - 0 0. 09 2. 16
2 6.8 37- 3 .oS 3. 08

3 6. I 27.7
1

• 14 1. 76

4 7.0 25-9
j

. 16 I. 35

* All data in percentages of the dry weight of the soil.

*rhe growth of greasewood on the sand hills makes it evident that this
pJant is not an infallible alkali indicator, although in the great majority of

its occurrence is associated with an excess of salts in the soil, and in
Its ability to endure the presence of alkali it is surpassed by few other

JWiiyidual alongside the boring made in the sand hiBs (see Table XIII) was 6 feet high, lofeet
. 80 had several stems whidi were from i to a indies in diameter at the surface of the ground.



fto. t<K—Sarcobalus vermiculaius (grcasewood): A, Detail showing the narrow, rather

iyia«» showing the excellent root development. The large, deeply penetrating Uproot is diaractatsw:

^ this spedes.
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flowering plants.^ A condition which is almost always correlated with the
presence of peasewood is a permanent supply of moisture available for
‘growth within the depth of soil penetrated by its roots.

GRASS-FI,AT COMMUNITIES^

Topographic

A

i, Reiations

The grass-flat of vegetation occurs in an interrupted belt (see map
PI. XLII), which crosses the northern part of the valley and lies
between the area occupied by the main bod>' of the greasewood-shadscale
association and the salt flats. It covers a gently sloping or nearly level
expanse Md appears to be lower in elevation than some of the ridges and
hillocks situated between it and the shore of the lake. The area is thus
somewhat analogous to a coastal lagoon and may have had a similar
ori^n. It is characterized during the greater part of the year by a very
moist condition of the soil, due probably in part to seepage.

'

Appearance and Botanical Composition

The vegetation of the grass flats shows considerable diversity.
Several plant communities can be distinguished, although the boundaries
sre rarely very sharp. The two most important of these are characterized
by the dominance of (i) tussock grass, or purple top {Sporoholus airoides),
and rabbit brush {Chrysothamnus graveolens glabrata)^ and (2) salt grass
{DisiktUis spkata). The rabbit brush is also frequently associated with
greasewood (Sarcobutus v&Ymiculotus^ especially along lines of contact
between greasewood-shadscale areas and the grass flats. For the most
part the vegetation of the grass flats is distinctly halophytic in character,
but in limited areas around springs and flowing wells it resembles that
of an ordinary nonsaline meadow.
A list of the species whic^ were noted as composing the grass-flat

vegetation follows:

perennial species

Tnglochin mariUma L.

Triglochin palusiris L.

Distichlis spicaia (E.) Greene
Poa nevaderuis Scribner

Pwxinellia airoides (Nult.) Wats.

Spariina gracilis Trin.

Sporobolus airoides Torr.

hncus balticiss Willd.

iKisp. (probably /. missouriensis Nutt.).

Hakrpesies cymbalaria (Pursh) Greene
Dodecatheon sp.

Glaux maritima L.

Aster pauciflorus 'Huii,

Chrysothamnus graveolens gUibrata (Grayi

A. Nels.

Crepis glauca (Nutt.) T. and G.

Iva axillaris Pursh

Junction. Colo., young seedlings of greasewood were found growing where the soil to a depth
about the limit to which their roots had penetrated, gave a specific resistance of t6

“•^indicating Uie presence of at least a.j per cent of salts.

m th

thevegetation of the grass flats can not be determined until further investi^tions

eenMi
region shall have been made. For the present, therefore, it seems advisable to use the

»™wai term ^'community " in referring to these types.

2439S®“I4 4



4o6 Journal of AgricuUurat Kesea/rm
-f

annum, and biennial ^bcies

Hordeum juhatum h.

SaUcomia rubra A. Nels.

Suaeda erecta (Wats.) A, Nels.

Atriplex spaiiosa A. Nels.

Cleome serrulata Pursh

Melilotus alba Desv,

Erythrata arizonica (Gray) Rydb.

Orihocarpus tolmiei H. and A.

Carduus scariosus (Nutt.) Heller

Physical Conditions Indicated

Reference to Tables XIV and XV shows that there is much variation in

the moisture and salinity conditions of the grass-flat area, but, broadly

speaking, the soils are characterized by (i) a high moisture-holding

capacity, ascribable partly to the fine texture and partly to the large

quantity of organic matter present, (2) the presence near the surface”

and usually throughout the summer of moisture available for growth

(above the wilting coefficient), and (3) a salt content sufficiently high

to be injurious to many crop plants. The soils under the salt-grass

community (Table XV), while usually much more saline than under the

Sporobolus-Chrysothamnus community (Table XIV), have an average

salinity inferior to that of the salt flats (Tables XVI and XVII),

Sporobolus-Chrysothamnus Community

The Sporobolus-Chrysothamnus community (PI. XLVIII, fig.- 3) covers

a large part of the grass-flat area in Tooele Valley. In places one or the

other of the dominant species occurs where the other is absent, but they

are more often closely associated. Salt grass {Distichlis spicata) is also

usually more or less abundant in this community.

Tussock grass {Sporobolus airoides) forms coarse mats, which are as

a rule closely grazed by animals. In late summer the feathery purple

panicles of this grass are a characteristic feature of the vegetation of

the grass flats in such areas as are nOl grazed. The rabbit brush

(Chtysothamnus graveolens glabrata) is a much-branched shrub, from 2

to 4 feet high, with whiplike slender branches having green bark

and very small, narrow leaves. Its color is bright green, modified in

late summer by the numerous small heads of yellow flowers which

resemble those of goldenrod. The physical conditions where this c^-

munity occurs are indicated by the data given in Table XIV.
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YABU® XIV.

—

Spofoboltu^hrysothamnus community: Salt content and moisture

conditions of the soil in typical areas,^

Depth
of soil

(feet).

Dale of collection.

yo of aample.

,

Salt content*

Moisture «iuivntot,

.

HpiltioK coefficient .

.

July

Moisture content above

Of below wiltme co-
^

efficient

- 0.8

+4-4
+ 5-8

4-9. 8

+6.r

August 26.

Aver-
age.

S. s. s. sc. sc, sc. c. c.

0.85

.40
. 20

. 20

0-45

.40

. 20

0-33
. 60

.50

O- 20

•25

. 20

' 15

35
•30

0.2s
45
15

0-35
•65

1.05

0. 20

-45

•35

-44
.40

23

j

. .. ! . ..

. . .1

. . i . ..

i

1

I';::';!: :

I

1 .

(

T....j ....
1

1 1 1

t All data in this table are stated in percentages of the dry weight of the soil. The moisture

ulus sign (+) repKsent moisture available for growth (above the wilting coeffiarat), whUe those

aminus wen (- ) represent a corresponding deficit of available moisture (below the wilting coefficient},

unnumbered borings were made on Aug. 26, 1913. and the letters indicate whether the veg^bon

1WJ dominated bySporoboIus without Chrysothanmus (S), Sporobolus with Chrysothamnus (SC), or

Chryaothanmus without Sporobolus (C).

Salt-Grass (Distichlis) Community

DistklUis spkata, well known as salt grass ^ronghout the western

United States, is a low-growing, harsh-leaved "ass which spreads by

creeping rootstocks. It tends to form a heavy sod, especially where the

land is grazed, and under such conditions this plant is very efficient in

adding humus to the soil.

Salt grass is more or less abundant in all parts of the grass flats and

also penetrates the salt flats (PI. XGVII, fig. 3), where in some places it

associates scatteringly with Allenrolfea and in other places forms dense

mats. In the wetter portions of the grass flats salt grass is the principal

component of a meadowlike vegetation, with Juncus baliicust Stuieda

treciaj Puccinellia airoides^ and Glaux mariiima as important associates

and with numerous other species occasionally present.

The conditions as regards soil moisture and salinity at borings where

this community occurs are stated in Table XV.
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TaBI,S XY.—Salt-grass community: Moisture conditions and salt content of the soil in
typical areas

Depth
of soil

(feet).

No. of sample-.

Moisture equivalent.

.

Wilting coefficient

,

Moisture content above or below
|

wilting coefficient

Date coUectitm.

June. July.
1

August

4 12 89 6

.0 73 S3 84 IDI 109

28.

4

30-9
22.6

48.9

54-9
65.8

32.6

35- I
Tty

^ 13-3

3&. 1

IS-

4

9-3

i

16,5

12-3

a6,6
1

IS-

5

1 I

19. 6 33-8

+ 16. 7

+ 84-P
-f-24. 2

-1-32.2

1+ 3- I

+ 6.9
! ^
1

' * ^
~ 4- 5

• 23 2. 30 0-S7 •S3 •SO 3. 18

.5<^ 1.64 .80 . 24 • 78 1-85

• 76 r. 36 , 6d

.24
34
.18

;
I.C2 I. J4

Aver-

age.

34-

1

31.8

M-3
»r

i&S

D‘l
i&i
16.7

+'9.6

+135
+H.4
+13.8

1.07

97
76
.64

I All data in this table are sta ted in percentages of the dry weight of the soil . The moisture contents with

a plus sign (+) represent moisture available for growth (above the wiltinK coefficient . whd^hose with a

JinnQ sign (“) represent a corresponding deficit of available moisture (below the wilting coefficient).

SALT-I^I.AT COMMUNITIKS^

Topographic.^, RtiLATioNS

Along the margin of Great Salt Lake there is a belt of low land which

varies in width from about 4 miles, near the axis of the valley, to a mere

fringe on the east and west sides where the mountain ranges approach

the lake shore. Much of this area (see map, Pi. XLII) is covered with

water at times, but in^^ummer presents a dazzling white surface due to

the heavy crust of salts (PL XLIII, fig. i, and PL XLVIII, fig. i). These

flats are divided into shallow basins of greater or less extent, separated

by low ridges and hummocks. (See PL XLII, detail of vegetation west

of Grants.) All but the lowest of these elevations are occupied by the

greasewood-shadscale association (see foreground of PL XLIII, fig- i)>

while the basins and fiats when not altogether devoid of vegetation

support a few extremely halophytic species (Pi. XLVIII, figs. i and 2),

which occur either as scattered individuals or in crowded colonies.

The two environments are ecologically quite distinct, but it is impracti-

cable to indicate on a map of the small scale used in Plate XLII the ai^

actually occupied by elevations and by depressions, with their respective

types of vegetation. Greasewood occurs not only on the higher ridges in

association with shadscalc, but also on the lower hummocks and at t e

edges of the depressions, in association with Allenrolfea. Shad^e, 0

the other hand, is not found in the depressions, nor do the typica

flat species occur on the higher ridges. -

* The ecological status of the salt-flat vegetation, like that of the grass-flat
jtgeonsBd-

miued without more extensive investigation in the Great Basin region. In the present

visableto use the gaieral term “community ” in referring to these types.
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The vegetation of the fiats and depressions comprises several comiriu-

flities,
each characterized by the presence of a single species—Allenrolfea

gccidenialis, Salicornia utahensis, and 5. rubra. The first of these is by

far the most abundant and widely distributed. These three species

^pp^ar to be the most salt resistant of the flowering plants of this region,

taking possession of the land left bare by the recession of the lake as

goon as its salt content has been reduced sufficiently from the point of

gaturation with the excessively saline lake water to permit the growth of

any flowering plant.

Fig. u.-Allenrolfea ocfidcnt{Uis: A. Detail of a Injitintf branch, showing the cylindrical, fieshy, prarticalh'

leafless stems: B, a f)Iant showing the large taproot and rather scanty lateral roots characteristic of this

species.

Allenrolfea CoMMUxiTy

Appearance and Botanicae Composition.—'The dominant species^

Allenrolfea occidenlalis, is a shrubby plant with numerous cylindrical,

jointed, fieshy, practically leafless branches and a large taproot (fig. ii).

In Tooele Valley it rarely exceeds a height of 2 feet. There is con-

siderable variation in the habitat of this plant, but it develops most

characteristically on low hummocks on the salt flats (Pi. XLVIII, fig. i)

near the bases of the higher ridges, usually preferring a slightly
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better drained and less saline soil than the species of S^ttornia. in

places, however, it is seen scattered over the surface of the flats, the

dark brownish green

tufts of AUeaioIfea

contrasting sttikmgly

with the* pure white of

the saline incrustation.

The thinness of the

stand is shown in

ure 12, which repie-

sents a typical lo-

meter quadrat. Often,

as shown in Plate

XLVIII, figure i, Al-

lenrolfea forms a pure

community. On Mgh-

er and better

ground, however, it is

frequently associated

with Sarcobaius 'oermi-

culatus and with Siw-

eda moquiniit while in

the wetter depressions

it often mingles with Salicornia utahensis. Plants of greasewood, when

growing with Allenrolfea, are usu^y stunted and sickly looking.

Physicai, Conditions Indicati^d.—The conditions as to soil moisture

and salt content at all borings where Allenrolfea occurred are given in

Table XVI.

TablS XVI .—A llenrolfea community: Moisture conditions and salt content of the soil in

typical areasA

Fig. i».—A representative lo-meter Quadrat of the Allenrolfea com-

munity Csalt-6at association), showing the locatioQ of each individual

plant Allenrolfea accidenialis, the only species present.

Date of collection.

Item.

Depth
of soil June. 1

July. Aug.

4 37 6 6 12 13 13 39 6

No. of sample 21 64 73 76 So St 8a 84 97 109

25-

S

25. 6

ij|. fi

37*4

8 4
17.

1

19. 4

ir. 1 13 - 2 38.3

Moisture equivalent. 18. s
3 7 3

99-

S

IS-

4

*3-9

13-9

13-4

\

iC. y
- 95-3

Wilting coefficient .

.

* 30. 3
9-4

la 0
IS- r 10. s 16.0

4

+ 3-S -l- 8.

0

+ 8.6

-7.3

Moisture content

•above or below the

wilting coeffidect.

Salt content

(
i i ft +

**
8

+ 3.1
J ^ + 13.3 -t- 0- 9

X . A A + 5-S

1
^ + 6.

9

*“ 1-3 -T 3. 9
4- T I

+ 9-7
+ 7-7

1 4

1

a

3

A

: 6.43

1 . 83

( .98

-1-4.3

3 . 18

3. 08

1.64

I. 34

“ 4- S

3. 30

z. 64

1.36

I. i£

^ 7-3

•3S
. 26

.19

•44

1.3^

I. 24

3. 30

i.Ss

1.36
.88

.88

t.36

.91

.98

.98

-55
.34

. 18

.76

.76

3. 18

1.8s

Aver-

age.

16. s

fa. a

+*•7

1

+3-7

i.a6

i.it

I- 13

9*

cootentt

t All data in this table are stated in percentages of the^ w^t wWg
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Several,pf tbwe s^ples-«. g., Nos. 76 and 97-were taken at places
where Allentotf^ grew in company with Sarcobatus and where the salt

content and moisture content of the soil were lower than in the typical
Allenrolfea community. It is clear, nevertheless, that the presence of

this plant is an almost invariable indicator that the soil (i) contains
moisture available for growth, at least below the surface foot, throughout
the summer; and (2) is excessively saline to a depth of at least 4 feet.

Saucornia Utahensis Community

Appearance and Botanical Composition.-So/Ww utahemis '

(PL XLVIII, fig. 2) is a nearly leafless plant with fleshy, jointed stems.
It resembles small plants of Allenrolfea, but is readily distinguished by
the light blue-green color and by the fact that the branches are opposite,
while in Allenrolfea they are alternate. It spreads by creeping rootstocks

and forms pure colonies of greater or less size which sometimes cover the
bottoms of depressions (see right end of PI. Xbm, fig. i),' sometimes
occupy hummocks elevated but a few inches above the general surface of
the flats. In this case the appearance is much like the Allenrolfea hum-
mocks (PI. XLVIII, fig. i), except that the latter are higher and the

'

plants are larger and darker colored. This Salicornia is also found in

assodation with Allenrolfea and with Dislichlis.

Physicai, Conditions Indicated.—No determinations were made of

the moisture equivalent and moisture content of the soil where this

community occurs, but two borings carried to a depth of 30 inches and 12
inches, respectively, showed that abundant moisture was present through-
out that depth, as would be expected from the slight elevation of the
land above the water surface of the lake. The salt contents of different

depths of the soil from the borings in question are given in Table XVIT

Table XVII.—Salt content of soil in ike Salicornia uiahensis community.

Depth of

soil.

Salt content.

Sample No. 1. Sample No. 2.

Inches.

0 to 6

7 to 12

0 to 12

13 to 18

18 to 30

Per cent.

2 . 20

>2- 50

Per cent.

>2. 50

2.25

>2. 50
2. 20 i

Salicornia Rubra Community

This small, shallow-rooted annual species of Salicornia is found most
abundantly in pure communities along drainage channels in the salt flats,

s patches of Salicornia rubra are very conspicuous late in the summer,

recently described from specimens collected by the writers in Tooele Valley by Mr.
(A new Sallcomia. Proc. Biol. Soc.JVash., v. a6 , p. 13, 1913 )



Fig, 13.—Diagram shoi^ ing the characteristic nx.t development of the dominant species trf each of the

p^dpal types of vegetation of Tooele Valley, and indicating the average conditions of soil moisture and

salinity of the corresponding types of land. The double hatching indicates soil containing an excessive

quantity of salt (more than 0.5 per cent) and containing moisture available forgrowth (above the wiltrag

coefficient) during the summer. The single hatching indicates soil cemtaming more than 0.5 per emt of

salts and no moisture available for growth during the summer. No hatching indicates soil containing

less 0.5 per cent of salts and no moisture available for growth during the summer. A,Aritimui

irideniain; B, Kochia vesiiia; C, A tnplex emferufolia; D. Sarcobaius vermiculatus; E. Allenrolfea ocaden-

ialis; F, Salicornia uiakensh; G, Distichlis spicaia.

along their boundaries, where the soils are of an intermediate character,

the vegetation is more or less mixed. Where, as a result of the removal

of the original vegetation by fire or by the plow, secondary plant comtmi-

nities have developed, the correlations between the vegetation and the

physical properties of the underlying soils are not always well marked.

But with these exceptions, which have been sufficiently discussed on

D|0Ceding pages, all important variations in the character of the soil are

' dearly expressed in the appearance and botanical composition of t e

plant covering. In other words, the principal types of vegetation, w ere

typically developed, are reliable indicators of the physical conditions o

the environment. These correlations are stated in Table XVIII »
w

follows, and are graphically represented in figure 13.
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tABLE XVlll.-Principaliyp^ of vegetation of Tooele Valley in reUition to averaaesoil
motsture and salinity conditions.^

^

plant community.

Moisture and salinity conditions.

Source of moisture. Surface foot of soil. Soil below surface foot.

S^ebrush

San d-h ill

mixed.

Sliatl^slc

Direct precipitation . .

do

Nonsaline, usually
dry in summer.

Nonsaline, usually dry
in late summer.

Nonsaline, usually (?)
moist in summer.

Saline, usually dry in
late summer.

Saline, usually dry in
late summer.

Saline, moist.

do

j^QcJiia do

Greasewood-
shadscale— Direct precipitation

and high water
table.

Saline or nonsaline,
usually dry in

summer.
|

Grass flat Direct precipitation,

high water table,

springs and irriga-

tion.

Moderately saline, 1

moist.
Moderately saline,

moist.

Salt flat i Direct precipitation

and high water
table.

Saline, moist Saline, moist.

i

i

3 Thetenn"dry ” as here applied to the soil indicates that its ivater content is below the wilting coefficient
The term "moist’ implies that moisture available for plant growth (above the wilting coefficient) is present.

The average conditions as respects moisture and salinity of the soil

which characterize the land occupied by each of the more important
types of vegetation are stated in Table XIX. The data for the different

samples upon which these averages are based arc given in full under the

respective associations (Tables IV, IX, X, XII, XV, and XVI). Only
typical areas of each plant community have been taken into account in

computing the averages.

Tablk XIX — conditions and salt content of the soil in typical areas occupied
by the principal plant communitiesP

Plant comniimity.

j

Soil depth (feel).
j

1 Sagebrush Kochia Shad scale

Greasewood-
shad scale

Grass flat. Salt flat.

1

(Arlemisia (Kochia
j

(A fnplex (Sarcobatus
Salt grass

;

(Disdchlis

spicaia).
1

tridentala). veslila).
i
amfcTii/olia).

*'

i

and Atri-

plex).

A llenrolfea

occidenialts.

MoisTi'RE Equivalent.

!

14. 2 : 22.9
1

24. I 34-1 26. 7

15-6 1 27.0 31.0 26.6 31.8 23-4
16, 5 .13-5 34 - 5 26, I 33 - 3 21.

8

15*8 31-9 30.6 26. 9 49. I 30'

4

* All data ar« eiven as petwitages of the dry weight of the soil.
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Tabl9 XIX.—'AfoM^ure conditions and salt content of the soil in Mical areas occupiei
V by the principal plant communities—Cantinucia.

Ptent coaunuiiity.

SoU depth (feet).
SsKebrush Kochia Shadscale

Greasewood-
shadscale

Gtassfiat,
Saltflat.

(A rtemisia

iridentata).

(Kochia
vesUta).

(Atriplex

confertifolia).

(Sarcobatus
and Atri-

plex).

Salt gntsi
{Distichlit

spicaU).

A((etirai!/Ai

(Kct<fetifalu.

Wilting CoEFFicmNT.

.
7 - 7 14. 0 12.4 13. I 18. S

8-5 14. 7
16.8 14'

4

17-3

8.9 t8.2 18.7 14. 2 18.

1

8.6
1 '"L

16.

6

14. 6 26, 7

Moisturs Content above or below Wilting Coewicient.

3

4

-2.5
- .6
- 1-3

-fi. 0

- 5-4
-1.8
“2. S

-2. 4

-5.6
- 5-2

-5.0

-S-5

-2.4

+3-6

+ 5 - 7

+5-3

+ 9.6

+13- 5

+ 11 . 4
.+13.8

+2.2

+6.1

+3.7

Average

—

- .8 -3.0 -
5-3 +3-0 +12.

1

+42

Salt Content.

I 0. 03 0. 12 0. 07 0.34 1.07 1 . 26

2 •03 •55 32 .72 •97 1. II

3 •OS 1. 02 .78 1.03 .76 I- 13

4 .07 I. ir 93 I- IS .64 •94

Average .... . 04 , 70 • 52 .81 .86 I. II

CORRELATIONS WITH CROP PRODUCTION.

The capabilities of the principal types of land in Tooele Valley for crop

production with or without irrigation are summarized in Table XX.

Table XX.—Crop-producing capahiliiies of the land as indicated by a normal growth of

the different types of vegetation.

Is land capable of crop pfoduction?

Type of vegetation.

Without irrigation. With irrigation.

Sagebrush Yes Yes,

Kochia Precariously in years of

rainfall above the nor-

mal.

Yes: if alkali can be re-

moved.

Shadscale Precariously
;

conditions

rather more favorable

than on Kochia land.

Yes; after alkali is re-

moved.

Greasewood-shadscale : No Yes; after alkali is re-

moved.

Grass flats Probably not
'

Possibly, with drainage.

Salt flats No No. •
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Sagebrush Land.—This is the only type in Too4le Valley which is

well adapted to dry farming. PracticaUy all of the area devoted to
wheat in this valley was doubtless originally occupied by the sagebrush
association. Most of this area is situated on the eastern side of the
valley, where the rainfall is heavier than on the western side But
the presence of sagebrush does not necessarily indicate good conditions

for dry fanmng. Where the stand is thin and the plants are small and
unthrifty, the depth of good soil is too slight for profitable crop pro-
duction without irrigation. Sagebrush vegetation of this character indi-

cates the presence of gravelly hardpan, or else of an excessive quantity
of alkali salts, at a depth of only 2 or 3 feet.

^

A good growth of sagebrush also indicates the best land for farming
under irrigation. Because of the low water table and the absence of
alkali salts, such land is not likely to require artificial drainage.

KOCHIA Band.—Dry farming is sometimes attempted on Kochia land,

rye being the crop which is usually grown. The yields obtained are very*

small, at least in years of only normal rainfall, the depth of good soil

being narrowly limited by the strongly saline subsoil. Whether Kochia
land is suitable for irrigation farming is somewhat doubtful, since the
rather impervious character of the soil might make it difficult to leach
the salts to a sufficient depth to insure profitable crop production.
ShadscaIvE Land.—Dry farming is precarious on this type of land.

On the other hand, it seems probable that most of the shadscale land in

Tooele Valley would produce crops under irrigation, if water for this

purpose were available, since as compared with Kochia land the soil is

more permeable and there is greater likelihood that the salts could be
leached out of the subsoil.

Greasewood-Shadscale Land.—One or two attempts at crop pro-
duction without irrigation on this type of land were observed, but the
results seemed to be no better than on Kochia and on shadscale land.
The reason doubtless is that while the moisture conditions are more
favorable than on the latter types the salt content of the soil at only a
slight depth is too high to permit crop plants to make a satisfactory

root development.

On the other hand, greasewood-shadscale land when irrigated and
reclaimed produces good crops of alfalfa, grain, and even of orchard
fruits. Artificial drainage, however, would probably be required in case
an extensive area of this type of land were under irrigation, the water
table, being already high and the subsoil strongly saline.

Grass-Flat Land.—^This type of land affords pasturage to horses and
cattle and is therefore by no means negligible as one of the agricultural

resources of the valley. Drainage would probably be necessary in order
to fit it for crop production.

Salt-Flat Land.—Most of the area occupied by this type of vegeta-
hon is too wet and too saline for crop production and offers little prospect
of successful reclamation.
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SUMMARY

In Tooele Valley the different types of native vegetation indicate the

conditions of soil moisture and salinity of the land on which they are

found and thus afford a basis for estimating its capabilities for crop pro.

duction. These correlations are stated in Table XVIII (p. 413),

XIX (p. 413), and Table XX (p. 414).

The sagebrush {Artemisia irideniata) association covers the land

nearest the mountains where the soil is of rather light texture, perme-

able, rather low in moisture-holding capacity, and free from an excess

of alkali salts and where under natural conditions the moisture available

for growth is usually exhausted early in summer. A good stand and

growth of sagebrush indicates land that is well adapted to both dry'

farming and irrigation farming; but where the stand is thin and the

growth poor the depth of good soil is usually too small for profitable

crop production, at least without irrigation.

The Kochia {Kochia vestita) association covers areas lying just below

the sagebrush belt and also occupies islands in the midst of the latter

vegetation. The soil, which is remarkably homogeneous, differs from

that of sagebrush land in its finer texture, relative impermeability,

higher moisture-holding capacity, and the high salt content of the sub-

soil, The first foot of soil is usually free from an injurious quantity of

alkali salts, iloisture available for growth is usually wanting during

the summer to a depth of at least 4 feet and probably to a much greater

depth. Dry farming is precarious on such land, owing to the small

depth of soil free from alkali. Even under irrigation the relatively

impervious nature of the soil might hinder washing out the salts to a

depth which would permit profitable crop production.

The shadscale {Atriplex conjeriijolia) association occupies the land

next below the Kochia belt. The soil is similar, in the main, to that

where Kochia occurs, but frequently contains much gravel, is usually

even drier during the suifimer months, and has on the average a some-

what smaller salt content. Dry farming is nearly as precarious on

shadscale land as on Kochia land, but where w^ater is available for irri-

gation the salts could probably be leached to a greater depth than on

Kochia land, the soil being more permeable.

The greasewood-shadscale {Sarcobatus vermiculatus and Atriplex con-

jertijolia) association occupies a belt lying between the pure shadscale

vegetation and the salt flats and also crowns the ridges and knolls which

intersect the latter. The soil differs from that of any of the foregoing

associations in usually containing, during the summer, moisture available

for growth at all depths below the surface foot. It is also strongly

saline below the depth of i foot, and even the surface foot often con-

tains a considerable quantity of salts. Land of this type is not suitable

for dry farming, but can be made to produce good crops under irnga

tion, especially when drainage is provided.
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The presence of the grass-flat (Sporobolus, Distichlis, Chrysothamnus)

vegetation indicates a soil which has a high moisture capacity, is more

or less saline, and is moist to the surface during a great part of the year.

Such land produces a coarse natural pasturage, but is not suitable for

crop production unless it is drained.

The salt-flat (Allenrolfea, Salicornia) vegetation occupies land which

is extremely saline and is wet to the surface during a great part of the

year. This type of land is not adapted to crop production.

The correlations above outlined are yet known to apply only in Tooele

Valley. Further investigation is needed in order to establish their

applicability in the classification of agricultural land in other parts of

the Great Basin.



Plats XL,II, Sketch map shoiring the distribution and relative areas of the difierent

types of vegetation in Tooele Valley, with detail showing depressions

covered with salt-flat vegetation alternating with ridges bearing

greasewood-shadscale vegetation.
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Pirate XLllI. Fig. i .—Salt-flat vegetation bordering Great Salt Lake with a grease-

wood-shadscale ridge in the foreground, a pure stand of Salicornia

utahensis at the right and hummocks covered with Allenrolfea

occidentalis in the background.

Fig. 2 .—Sagebrush association (the darker areas) and islands of

Kochia vegetation (the lighter areas) in the upper part of Tooele

Valley. The sagebrush is encroaching upon the Kochia (at left).







Platk XLIV. Sagebrush {Artemisia tridentata). Fig. i.—A good stand and growth,

showing the typical appearance of this association where the

conditions are relatively favorable. Junipmis utakensis in the

background.

Fig. 2 .—Plants showing the root habit
;
photographed at the edge of

a deep “arroyo" where the soil had recently caved in. The exten-

sive development of the lateral roots in the upper soil and the

penetration of the taproot to a depth of about ii feet is illustrated.

24395
®—

^4 5



Platu XLV. Fig. I.—Sagebrush land which has recently been binned over,

showing scattered, dead plants- of Artemisia tridentaia (no living

ones), a dense growth of the annual grass Bromus iectorum, and

scattered plants (dark colored in the picture) of Gutierrezia sure-

throe.

Fig, 2,—An advanced stage in succession on sagebrush land which

has been under cultivation, with numerous young plants of

Artemisia tridentaia and a dense herbaceous covering of Bromus

iectorum and alfilaria (Erodium cicutarium).

Fig. 3.—Sagebrush reestablished on land which has been in cultiva-

tion (right) and the original, undisturbed sagebrush vegetation

(left). The Stockton embankment in the background.







Pr^ATfi XLVI. Fig. I.—Ivine of contact between the sagebrush association (right

hand) and the Kochia association (left hand), showing the char-

acteristically sharp demarcation of the two types. Soil samples'

collected at each side of this line, at points only 20 feet apart,

showed that in the Kochia land there was ten times as much salt

in the first foot and seventy-five times as much in the second foot

as in the sagebrush land.

Fig. 2.—Atypical view of the Kochia association, with plants rather

far apart, and very uniform in size and appearance. This land

has been pastured, which has resulted in the removal of practi-

cally all grasses and other species which occur in this association

when protected from grazing animals.

Fig. 3.—Plants of Kochia vestila, 4 or 5 inches high, and the grass

Poa sandbergii, which is usually associated with the Kochia in land

that is not grazed.



XLVII. Fig. I.—Typical shadscale vegetation, consisting of a nearly pure

stand of Atriplex conferiijolia, showing much dead wood, as is

usually the case, but the stand is denser than in much of the area

occupied by this association.

Fig. 2.—Transition area between the shadscale and the greasewood-

shadscale types of vegetation. Scattered (larger and darker col-

ored) plants of greasewood [Sarcohaius vermiculatus) in an area

occupied chiefly by shadscale.

Fig. 3.—Salt grass {Disticklis spicata) covering the whole of the

depression to the right wdth the exception of a colony of Allennolfea

in the middle distance . The higher land to the left is occupied by

greasewood (very dark in the illustration) and shadscale.







Platb XLVIII. Fig. I.—Salt-flat vegetation, Allenrolfea community. The ground
between the hummocks is covered with a white crust of salts,

mostly sodium chlorid.

Fig. 2.—Salt-flat vegetation, showing plants of Salicornia utakmsis.

Fig. 3.—Grass-flat vegetation, SporoboIus-ChrysoUiamnus commu-
nity, showing a species of rabbit bni^, associated with tussock

grass.





CITROPSIS, A NEW TROPICAL AFRICAN GENUS ALLIED
TO CITRUS

By WalTBR T. SwiNGLB, Physiologist in Charge, and Maud® Kri<LRrman, Botanical

A ssistant, Crop Physiology and Breeding Investigations, Bureau of Plant Industry

INTRODUCTION

Missionaries and pioneer explorers of equatorial Africa long ago re-

ported the finding of wild oranges and wild lemons. If the fruits were

green> they resembled small limes and lemons; if ripe, their sweet and

agreeable flavor caused them to be classed as oranges.

These fruits are from 2 to 3 cm. in diameter and are borne, two to five

or more in a cluster, in the axils of the leaves. Because of this pecul-

Fio. i.-Ci»opsis SckwtmfMihii: A branch showing :5-foliate and s-foliate leaves, leaflike petioles, and

rachis segments; also paired and single spines in the axils of the leaves. From a plant in gr^^of
the Department of Agriculture grown from seed from Budongo I^'orest, Uganda, Africa. (C. P. B. No.

3902.) One-fourth natural size.

iarity they may be called African cherry oranges. The leaves are odd-

pinnate, usually with five leaflets, but often trifoliate. The petioles and

the segments of the rachis are so broadly winged that in some species

they look not unlike leaflets, (See fig. i.)

As early as 1870 Schweinfurth, the veteran African explorer, had col-

lected leafy twigs of one of these plants, but no flowers or fruits, in the
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‘'Galleriewaldungen’' at Uando, near the divide between the Congo and
the Bahr-el Ghazal drainage basins. In 1880 Soyaux collected spedmens
of another species in Gabun (French Congo). In 1882 Pogge collected

material at lyiilua in Congo proper, and in 1890 Preuss found stih another
very distinct species on the shores of Elephant Lake in Kamerun. Eariy

in 1895 Prof. Adolph Engler described four new species of Limonia to
include these plants.* In November of the same year he segregated these

African species of Limonia as a new section, Citropsis, in contradistinction

to the true Limonias of the Asiatic mainland.^

Since then several additional species have been described from tropical

Africa, and it is now clear that these plants occur not uncommonly
throughout central Africa from the Ivory Coast in the west to Uganda-
in the east.

In connection with a study of the plants related.to Citrus, these African

species of the Citropsis section of Limonia have been carefully examined.

The material of this section in the principal European collections of

African plants has been studied and a number of representative speci-

mens secured, through the generosity of M. Emile de Wildeman, of

Brussels, and M. Auguste Chevalier, of Paris. Mr. B. T. Dawe, formerly

Forest Administrator of Uganda, who had discovered a new species

{Limonia ugandensis Baker) in the forests bordering the north shore of

Victoria Nyanza, sent to the Department of Agriculture at Washington

in 1910 both good herbarium specimens and viable seed.

As a result of these investigations, which have been in progress some

three years, it is now clear that these plants have been wrongly placed

in the Asiatic genus Limonia. Instead of constituting a section of this

genus, they are in reality only remotely related to the type species from

Asia {Limonia acidissima L.) and are, on the other hand, closely and

clearly related to Citrus.

The Limonia acidissima {Hesperethusa crenulaia (Roxb.) Roem.) of

India has small, globose fruits only 12 mm. or less in diameter, becoming

a purple-black, bitterish berry when ripe. Each of the four cells of the

fruit contains a single seed surrounded with mucilage. There are no

pulp vesicles. The fruits are, thus, of an entirely different structure

from Citropsis and are like those of many Asiatic genera, such as Lavanga,

Triphasia, Severinia, etc., which constitute a natural group.

Besides the very important differences in the structure of the fruit,

Limonia acidissima differs from Citropsis in having free-spreading stamens

with slender filaments. None of the other Asiatic species usually referred

to Limonia are any more closely related to Citropsis than is Limonia

acidissima.

1 Engler, A. Oiagnoseti neuer Arten. In Notizbl. K. Bot, Gartens u. Mus. Berlin. Bd. i, No. i, p-

Jan. a, 1895.

* Engler, A. Rutacese. In Engler, Adolf, and Prantl. NatUrlichen Pfianzeniamilies. f. 3, Abt. P*

189-190, fig. 109, E-H. Leipzig, 1895.
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that the Afn^ species of Limonia constituting the section Citroosis
related to Otrus ^rather than to the Asiatic species of LimSs a

conclusion, based at first on a study of herbarium and living material
that has since been confirmed in gratifying manner by the results ofexpmments m pafting, which show that the African species belonging
to the section Citropsis can be budded easily and grow well on all the
commonly cultivated species of Citrus.

technicai, description of citropsis

It seems necessary to establish a new genus to include these African
cherry oranges. This is best done by raising to generic rank the seriion
Citropsis of Engler.^

Citropsis (Engler) Swing, and M. K.

nre genus atmpsis resembles Citnrs in the general smreture and appearance of
the flowers and/nrrt. as well as in the texture, venation, and general^^pe of the
leavra. It differs froni Citrus in having 4- or rarely 5- mcrous ovaries, with only a
single o™Ie in each cell; fruits with sessile pulp vesicles which are broad at the hies
where they are embedded in the endocarp; the stamens only twice as numerous as
the pe^s; large compound leaves; and spines usually occurring in pairs The leaves
are odd pinnate, j- or ^ely j-foliate, trifoliate, or sometimes unifoliate, subcoriaceons
pellucid punctate. spines are paired or single in the axils of the leaves The
flowers occur in few- or many-flowered a.xillary dusters and are perfect 4- or rarely e
merous. The stamens are twice as numerous as the petals, free but flattened md
arranged to form a staminal tube surrounding the pistil much as in Citrus The disk
subtends and is slightly larger than the base of the ovary. The ovaries are 4-’rarelv
SKielled wiA one ovule in each cell. The style is long and deciduous; the stigma
IS large, subglotose, more or less 4- rarely s-lobed. The fruit is globular or Lb-
globule, mall (2 to 3 cm. m diameter), with a fleshy skin like that of a lime, dotted
with oil glands. The pulp is vesicular, either sweet and edible or waxy The pulo
vesicles are not stalked as in Citrus, but are broad at the base where they are embeddedm the endocarpic lining of the cells and taper gradually toward the pointed tips In
some species they are full of juice, in some they contain a waxy substance and in
some ttey dry up as the fruit develops. The seeds are large, 10 by 6 by 4 mm., with
a hard, parchmentlike testa having a foramen at the tip. The cotyledons remain
hypogeous in germination. The first two foliage leaves are opposite, as in Citrus’
(See fig. 2.)

COV. (timouia, 5 Citropsis. Enslcr),-G«ms Ctlro affinis, foiiis pinnatis. staminibus
P*-taIormii rtuplo nunquam qiiadniplo). ovariis 4- rarius 5- locularis,

Folia imparipinnata, trifoUata vel rarius unifoUata, subcoriacea, pelluddo-punctata. Spinae in uriiTic
onun germnae vel singulae. Paniculae aiillares, pauciflores. Flores hermapbroditi, 4- vel rarius s-mm. Sl^na 8v€l 10 (numero petaJorum duplo). Discus ovarii basim subtendens. Ovarium 4^ vel
ss- loculans, stylus Ioobus. deriduus, stigma plus minusve quadrilobiim. ovulo in loculo singula

dnlri ^
subglobosus. cortice ut in Cilro carnoso, glaiidulis olciferis instructo. pulpa vesiculari,

uli, vel cerea, vesiculis fusifonnibus, ad basin in endocarpio immersis. Semina magna. testa
pergainena> foraminea. Cotyledones in germinatione hypogaeae.

Arbor parva vel arbuscula, spiuosa.

Speaes typica, Limania Preussii Kngler.

the first two postcotyledonary leaves are opposite, broadly oval, and short
simple, with short petioles; then follow unifoliate leaves with

, longer petioles; then trifoliate leaves; and finally pinoately s-foliate leaves. (See fig. 2.)
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Shrubs or small trees; native to tropical Africa.

The type species is Limonia Preussii Engler, from Kameruu.

Citropsis is related to Citrus on the one hand and to Atalantia on the

other. It differs from both in its compound leaves and broad-b^d

pulp vesicles partly embedded in the cndocarp and from Atalantia in

Fig. :.—Ciirjpsis Sckweinfurtkii: Young seedlings germinated in

Washington, D. C,, from seed from Budongo Forest, Uganda,

Africa (C. P. B. No. 3903). A, Young seedling, showing the first

pair of leaves, succeeded by alternate simple leaves, and finely

unifoliate leaves (one-half natural size); B and D, young seed-

lings, showing the first foliage leaves, which are opposite (natural

size); C, a single one of the pair of first foliage leaves (natural size).

Drawn by Theo. Holm.

having only a single ovule in each of the four

or five cells of the ovary. In spite of the fact

that Poncirus ^ has trifoliate leaves it seems to

be less closely related to Citropsis than is Citrus.

Poncirus differs from both Citrus and Citropsis in its deciduous leaves,

sessile solitary flowers, clawed petals, spreading stamens, stalked pulp

vesicles with external, branched, secreting hairs, and in having in ger-

mination the first postcotyledonary leaves in the form of alternate

cataphylls.

* Poncirus Raf. includes Ciirus trifoliafa I... the type species, and as yet the only one known. 5« Sw'^

WaUerT. Poncirus (and Citrus). /« Sargent. C. S. Plaota Wilsoaianae. pt s*
Camiindge, 1914.
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fHASACTERS WHICH DISTINGUISH SPECIES OF CITROreK

The principal diagnostic characters of the species of Citropsis are
found m the flowers, leaves, and fruits. The size, shape, and propor-
tions of the pistil and in particular of the style are of great importance
The smoothness or hairiness of the filaments and the shape of the ovary
are also_ important characters, as is the length of the pedicel and peduncle
in relation to the length of the pistil. The shape, size, and proportions
of the leaflets, segments of the rachis, and petioles are not only obvious
but necessary characters for use in distinguishing the species. Finallv
the nature of the fruit, whether dry or pulpy, and if pulpy, whether
jmcy and sweet, or waxy, is useful in distinguishing the species Owing
to the number of species of Citropsis and the variability due to their
wide range, it is usually necessary to have at least good flowers and
leaves to be able to determine the species with any certitude, and in
some cases fruits also are necessary.

Inasmuch as none of the original descriptions of the African species
' of bimonia now referred to Citropsis included both flowers and mature
fruits, it is obvious that it is a matter of much difficulty to determine the
affinities of some of these species based on imperfect material.

Citropsis Preussii (Engler), n. comb.

Umonia PreusHi EnglCT, 1S95. in Notizbl. K. Bot. Gartens u. Mus. Berlin Bd i n 58
Ulus.. Emiler. 1895. m Engl, and Prantl. Pflanzenfam.

. T. :5. Abt. 4. p. 189, 6g. ’109. E-H.

The following specimens Uiave been consulted: Kainerun.-PRBUSS (No 548)
September 19, 1890, Barombi Station on Elephanten See (Dahlem Herbarium 2- Kew
Herbarium). StandT (No. 747). November 29. 1896. Johann Albrechtshohe (D^lem
Herbarium, fragment in National Herbarium, Washington, D. C.; British Museum
Herbarium). BOsgen (No. 37), November 18, 1905, Johann Albrechtshohe (Dahlem
Herbarium). Eedermann (No. 1455), December i, 1908. Bare (Dahlem Herbarium;
fragment in National Herbarium, Washington, D. C.).

The type of the genus, Citropsis Preussii, was first collected by Preuss at
Barombi Station on the south shore of Elephanten See in Kamerun on
September 19, 1890. Of his original collection (No. 548) three specimens,
all showing good flowers, have been studied by the writers. (See fig. 3.)
Two of these are preser\^ed in the herbarium at Dahlem, near Berlin.
The third was sent to Kew Gardens (April, 1894) before the species was
published and evidently was not used by Prof. Engler in drawing up the
ori^nal description, as the species is described as having trifoliate leaves,
while those of the Kew specimen are s-foliate.

Besides this original material there are three excellent sheets in the
Bahlem Herbarium and one at South Kensington of material collected
by Standt (No

. 747) on November 29, 1896, at Johann Albrechtshohe,

All of the spedmcos dted from European herbaria were photographed by oue of the writers in tqii-xj,

natural size have been filed in the National Herbarium at Washington, D. C.
to which the original label is attached is the type specimen,

is

designated "LimoMia Prtussii Engl., var. mkrantha Engl., ” but it
pro ic that the very smaU flowers are due to a diseased condition of the plant and do not constitute a

“he vanetal difference.





m.ri/z9u Cmpm, an African Genus AUied to Citrus 425

oearthepi^ type locaUty on Elephanten See. These specimens show
flowers and young tots. FinaUy, there is one sheet in the Dahlem
Herbanum, collected by Bhsgen (No. 37) on November 18, 190, also at
Johann Albrechtshohe near Elephanten See. This specimen show’s young
fruits.

^ ^

tlie same general locaUty, Johann
Albrechtshohe being only 3 or 4 km. distant from Barombi Station. All
eight of these specimens show a great resemblance and undoubtedly
belong to a single species. Unfortunately all were collected in the autumn
and show only flowers and very young fruits.

A number of other specimens have been referred to CHropsis Preussii
in the Dahlem Herbarium, but some of them certainly do not belong here
and for the present the only material certainly referable to this species is
that collected in the immediate vicinity of Elephanten See in Kamerun.
The excellent specimens with flowers and

young fruit and numerous leaves permit a
very good idea to be gained of this species. ^
The leaves are 3- to 5-foUate, with broadly

winged petiole and rachis. (See hg. 3.) |
The leaflets are very large, 100 to 160 by

j

45 to 1 15 mm., broadly oval or oblong, /I i i
| 1 >

abruptly* narrowed above into a short ob- I t

tuse tip, and broadly cuneate at the base, ^ W
with very short petiolules. Petioles usually ^
69 to 80 by 25 to 35 mm., elongate, ellipti- Km. 4.—Pistils of four species of Citrop-

cal, rather acute at tip and base, but some- ^reussn (standt

, * , ,, ,
^ W{jVafciVir(Clieva-

times shorter and broader or even obcordate 21609}; c, cawtsis Schwtin-

30 to 40 by 25 mm. The segments of the
and

..
,

acgmciiLb 01 me SIS vabonmsis (Klaine No. 2j6o).

rachis are elongate elliptical, 50 to 70 by Twice natural size.

15 to 25 mm. Spines usually single, 16 to 28 mm. long, rarely wanting.
Flowers 15 to 18 mm. long in the bud. 20 to 25 mm. in diameter when
open, in dense many-flowered clusters borne in the axife of the leaves
very short pediceled (3 to 5 mm,), usually 4-merous, ovaries 12 to 15 mm!
long, with a long, slender style broadening at the base and merging
gradually into the ovary. Only young fruits are known as yet. These
are short-stalked or nearly sessile, slightly apiculate.

CitTopsis Preussii is readily distinguished from its congeners by the
broadly oval or oblong leaflets, and by the short-stalked flowem with
very long styles broadened at the base and not sharply delimited from
uie tip of the pointed ovaries, Citropsis mirahilis resembles this species
jn the shape of the leaves, winged petioles, and rachis, but differs in the
ooger stalked flowers, which have a shorter more slender style which is
not broadened at the base and consequently is more sharply delimited
tom the tip of the more rounded ovary, (See fig. 4.)
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collected by J. Milbraed in 1908, which seem to be referable td Ciiropsis

Schweinfurihii One specimen (No. 3394) is from Fort Beni, in extrme

western Uganda, on the Semliki River, about half way between Albert

Nyanza and Albert Edward Nyanza. This specimen consists of a single

twig with 5-foUate leaves, single spines, and two young fruits. The other

(No. 2 280) is from Kikufu, near Irurau, in the Ituii River valley, only a few

kilometers south of the ferry where Stuhlmann crossed the Ituri and

collected his No. 2641. This second specimen of Milbraed consists of

two twigs with mostly 5-foliatc leaves, but one of them has a trifoliate

leaf almost exactly like those of Schweinfurth’s original specimen from

Uando. •

Linwnia Poggei Engler, which the writers have referred doubtfully to

Citropsis Schweinjurthii, was based on a single specimen collected by Pogge

(No. 668) June i, 1882, at Lulua, latitude 6° S., on the Eulua River, an

affluent of the Kasai River. The type specimen preserved in the Dahlem

Herbarium shows a single twig with 11 or 12 interhodes, but with only

one 5 -foliate leaf remaining attached. There is also one loose leaf and

a single fruit. Pogge's original label notes that the fruit is yellow. An

examination of the fruit preserved with the type specimen at Dahlem

shows it to possess distinct pulp vesicles. There is nothing in the

specimen or in the description to distinguish it from CitYopsis Schw&in-

jurihiit and as it occurs at a considerable altitude, 660 meters, and only

500 km. west from the nearest of the great African lakes, while Uando,

the type locality, was some 250 km. west, its geographicfrange is not

such as to render its inclusion in the species improbable.

It is interesting to note that all the reported localities of Ciitopsis

Schweinfurihii are above 660 meters altitude, the highest reported being

1,550 meters at Toro, Mpanga Forest, Uganda.
,

There is, however, a specimen in the herbarium of the Museum

d’Histoire Naturelle at Paris, collected by Thollon (No. 1049) in June,

1888, in French Congo on the Niari River between Bounanza and

Komba, that can scarcely be distinguished by its leaf characters from

Citropsis Schweinfurihii. Bounanza is only 250 km. from the Atlantic

Ocean and at an altitude of only 130 meters. Thollon states on his

original label that this plant occurs in all the woods from Komba to

Bounanza. If this material proves to be Citropsis Schweinfurihii, it will

give this species the greatest range both in distance and in altitude of

any yet known in the genus Citropsis.

There is a specimen^ in the herbarium of the botanic garden at

Brussels, collected by Messrs. Em. and M. Laurent below Ibaka, on the

Sankuru River, Congo, on November 24, 1903, and also a specimen m

the National Herbarium at Washington, D. C., collected by Messrs.

Laurent below Bolombo, on the Sankuru River, on January 2, 1904-

I This spedmen seems to have beea referred to Ummia Demeusei by M. fimile de Wildeman. See Us

Mission I^aurtot (1903-4). v. i. p. 238. Brussels, 1905-190?.
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Both of these speamens, as well as one in the herbarium at Brussels

eoUected in Congo by Messrs. Laurent in 1903-4, but without exact
locality or date, have trifoliate-leaves, long, slender leaflets, with the
temunal one disproportionately long, being 1 10 to 165 by 30 to as while
the adjac^t lateral ^flets are 65 to 90 by 25 to 45; thus the terminal
leaflet is from two-fifths to one-third longer than the lateral The only^es to winch these specimens can be referred at present is Citropsis
Sckwernfurihrr, but in the absence of flowers and fruits and because of
the rather unusual appearance of the leaves such reference must be
merely provisional.

Citropsis Schweinfurthii is a spiny shrub or small tree with 3- to s-
foliate leaves. The flowers are borne in clusters of 4 to 10 in the axils

'

of the leaves. (See %, 6.)

They are 4- or rarely 5-

parted with strap-shaped

petals, a short, thick style,

6 to 9 mm. long, scarcely

narrower than the stigma

but rather sharply set off

from the rounded tip of the

ovary, and broad flattened
^

filaments with a subulate

apex where the anther is

attached. The leaves are

pinnately 5-foliate or tri-

foliate. The petioles are

broadly winged, 40 to 75

by 18 to 35 mm., narrowly

obovate or elliptical, usu-

ally rounded at the tip

and bluntly pointed at the

base. The segments of the

rachis are 35 to 65 by 15 to 25 mm., usually elliptical, bluntly pointed at
l»th ends but more rounded (sometimes rather broadly rounded) at the
tip. The leaflets, 55 to 125 by 15 to 50 mm., are broadly lanceolate,

narrowed from the middle to the long, ciineate base and into an acute
or subacute tip, with strongly marked serrations. (See fig. 7.) The ter-

J^al leaflet is often much larger than the adjacent lateral leaflets, some-
times one-third longer, usually from one-fourth to onc-eighth longer. The
spines, 12 to 30 mm. long, are usually paired in the axils of the leaves.

Citropsis Schweinfurihii differs from all its congeners in having a short,
fiiick style (shorter than any other species except C. gahunensisy which
has very small flowers, with a slender style) and slender, broadly
lanceolate leaflets, narrowing from the middle into a long, cuneate
acute base.

Fig. 6. Ctlropsis Schu'cinfurlhii: Cluster of flowers, showing
stamens arranged to form a staminal tube. From a plant
growing in greenhouse of the Department of Agriculture,
grown from seed from Budongo Forest, Uganda, Africa.

(C. P. B. Xo. 2902.) N.itural size.
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Cilropsis gabimensis (l^ngier), n. comb.

Linwitis gfAuncnsis iCiigler, 1895, in Notizbl. K. Bot. Garteos u. Mus. Berlin, Bd. i, p. »8.

(?) Limmia Locouriiana De Wild., 1904, in Ann. Mus. du Congo, Bot. s. s. v. i, p. pi. 50.

Ulus., De Wild., op- cit., pi. 50.

The followrag specimens have been consulted: French Congo (Gabim).—

S

oya.dx

(No. 105), July 25, 1880, Sibanga Farm, Munda. (Dahlem Herbarium,^ Kew Herba-

rium; Museum, Paris, Herbarium). Kmine (No. 2260), July and October, 1901^

near Ubreville (Kew Herbarium; Dahlem Herbarium; Museum, Paris, Herbarium);

(No. 1973), March 10, 1901, May and October, 1902, Libreville (Museum, Pans,

Herbarium); (No. 2924, 2925), June, 1902, Libreville (Museum, Paris, Herbarium ,

(No. 3494), May 25, 1904, Libreville (Museum ,
Paris, Herbarium) . BuTTNSR (No- 43^)>

1 The specimen with the original label attached is the type.
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September, 1884, Sibai^e Farm (Dahlem Herbarium)- Du (No. 4?), 1864
(Mus^iim,' Paris, Herbarium). T^ssmann (No. 874), Jantiaiy 26, 1909. Spanish
Guinea (P) Bebady(?); (No. 194), February 14, 1908/ Nkolentagan. (P) Congo.

—

GbntH/ (No. 93),^ May, 1903, Bombaie (Brussels Herbarium). Hendrickx (coll.

Gillet, No. 3280) Lumene (Brussels Herbarium). Laurent (No. ?), November 28,

1903, Bombaie (Brussels Herbarium).

Ciftopsis gabumnsis, one of the^ first four species of Umonia, described

from Africa by Engler in 1895, was based on specimens collected by
H. Soyaux (No. 105) at Sibanga Barm.in the Munda region near Libre-

ville, French Congo (Gabun), on July 25, 1880. Three sheets of this

number are preserved in the Dahlem Herbarium, and on them the

species is based. The type specimen had a single fruit; the paratypes

are sterile. The herbaria of Dahlem, Brussels, Paris, and Kew contain

numerous other specimens of this species from northern French Congo
and Spanish Guinea. This material represents a wide range of foliar

characters' and shows all stages of flower and fruit development. All

these specimens seem to belong to a single species which is very distinct

from any of the others.

The type specimen of Limonia Locourliana was collected by L. Gentil

(No. 93), May, 1893, and is preser\^ed along with Gentil’s original label

in the herbarium of the botanic garden at Brussels. The leaves are all

5-foliate, and in one case a terminal leaflet has a winged petiole. The
leaflets are broadly oval, more or less abruptly narrowed at the base,

and caudate at the tip. The young fruits are borne in clusters in the

axils of the leaves on pedicels 10 to 12 mm. long. In all of these char-

acters this specimen is indistinguishable from Ciiropsis gabunensis.

A young fruit from this type specimen now preserved in the National

Herbarium at Washington, D. C., seems to be seedless, but ‘shows

numerous pulp vesicles which contain a whitish granular wax.^ The
original label of M. Gentil says “fruits delicieux,’' but as tjie fruits in

the type specimen are very small and immature it is obvious that his

statement must apply to some other plant, doubtless not belonging to

this species. Most of the fruits of the typical Ciiropsis gabunensis

examined contain large seeds, often nearly filling the small fruit and
leaving very little space for the pulp vesicles, which are crowded and
often nearly obliterated by the seeds.

Whether the vesicles of a young seedless fruit of the typical Ciiropsis

gabunensis would show the presence of wax remains to be investigated.

In the absence of knowledge on this point it seems inadvisable to recog-

nize Limonia Lacourtiana as a species distinct from Ciiropsis gabunensis,

though future research may possibly prove it to be a good species.

^ rhU is the type spedmen of Limonia Lacourtiana.

'Recently, through the- kindness of M. Auguste Chevalier and of Rev. J. Gillet, of Eisantu, Congo,
abundant materialhas been received of a species of Citropsis apparently distinctfrom any hitherto described,
fbe fruits of which are often seedless and contain abundant pulp vesicles filled with a wax. which, when
wtracted, makes a yellow, fragrant mass much like beeswax in character.
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Citropsis gabunensis differs from all its congeners in having very small

flowers, with hairy filaments, caudate leaflets, and a nearly dry fruit.

The flower buds are only 5 to 6 mm. long and the fully expanded flowers

are only 10 to 12 mm. in diameter. The filaments are hairy. The pistil

is very short (3^^ to 4 mm.) and shows a well-marked, clavate ovary,

narrowed gradually toward the base and rounded at the tip, which is

clearly delimited from the slender style which ends in the subglobose

4-

lobed stigma. (See fig. 4.) The pedicels are very long (Sometimes

8 to 12 mm.), often twice as long as the pistil, and appear as branches

of a slender peduncle to 2 cm. long.

No other species of Citropsis shows so much variation in the size of

the leaves and in the number of leaflets. They may be unifoliate

greatly resembling orange leaves, or they may have 5 to 7 leaflets.

Very frequently the leaves are 5 -foliate, with the terminal leaflet borne

at the end of a winged segment of the rachis. Such stalked terminal

leaflets are often seen in trifoliate leaves (see fig. 3) but almost never in

5-

foliate leaves of other species of Citropsis. The leaflets are caudate—

unlike any of the other species.

Those of compound leaves are from 40 to 1 15 by 18 to 60 mm.,

mostly 50 to 100 by 25 to 45. The leaflets of unifoliate leav^ are 90 to

150 by 40 to 70 mm. The winged petioles are 15 to 35 by 3 to 15 mm,,

varying from linear to narrowly obcordate, especially in unifoliate

leaves. They are usually broadly rounded at the tip and narrowed

gradually toward the base. The rachis segments vary from 20 to 45

by 4 to 10 mm. and usually have the same shape as the winged petioles.

Citropsis mirabilis (Chev.), n. comb.

LtTna^ia tttirafci/w Chevalier, 191a, in Bui. Soc. Bot. France, t. 58, 1911, M^. Sd, p; 144-145.

The following material has been consulted: Ivory Coast.—ChFvauFR (No. 21609),

May 21, 1909, between Sanrou and Quode on the Koue River (Chevalier Herbarium,

Paris; National Herbarium, Washington, D. C.).

Chevalier has described Citropsis mirabilis in detail, but unfortu-

nately no fruits are known. The leaves are 3- to 5-foliate, with broadly

oval or oblong leaflets 90 to 190 by 40 to 100 mm. The petioles are

usually elongate elliptical, 60 to 70 by 20 to 30 mm., rather acute at

both ends, rarely broadly rounded at the tip. The segments of the

rachis are 80 to 70 by 12 to 28 mm., usually narrowly elliptical, rarely

broadly rounded at tip. The spines are single, 10 to 28 mm. long,

sometimes wanting. The flowers occur in dense many-flowered clusters

in the axils of the leaves. The pedicels are well-developed, 5 to 6 mm.

long. The buds are linear elliptical, 12 to 14 by 3 mm., the flowers

when open are 18 to 24 mm. in diameter, usually 4-merous, but some-

times 5-merous. The pistil is 12 to 14 mm. long, the style 10 to ii mm.

long, very slender, and not appreciably broadened at the base.
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Citropsis mirabilis differs from all its congenem in having large flowers

Tffith slender styles not much broadened at the base and, in consequence,
rather clearly delimited from the tip of the ovary. (See fig. 4.) It

somewhat resembles C. Preussii in the size and shape of the leaves.

impERFECTi.y known species

Citropsis articolata (Willd.), n. comb.

Citrus aTiiculida Willd., 1826, in Sprcng., Syst. Veg., v. 3, p. 3,4.

The following material has been consulted: Gold Coast—

I

sert (No. ?; Willde-
now Herbarium No. 14357). Jmie or July, 1786, near Kommang, Akwapim ^ (Dahlem
Herbarium). (?) Togo.-BAUMANN (No. 552), 1854-5, on the Koli River near Kame
(Dahlem Herbarium).

The specimen in the Willdenow Herbarium at Dahlem, of which a
photograph was kindly sent to the writers by Prof. Urban, now shows a
single twig, 2i cm. long and 2% to 4K mm. in diameter, with 10 or ii

intemodes which are mostly 2 to 2^ cm. long, slightly angular, with
prominent leaf scars. Only two single spines are preserved, one 8 by i

mm., the other 14 by i}i mm. Two petioles are on the sheet: One, still

attached, obovate in outline, 52 by 32 mm. tapering gradually into the*
sharp base 4 to 5 mm. long; the other broadly rounded at tip, 60 by 37 mm.
with prominent veins, running nearly at right angles to the midrib, the mar-
gin very shallowly undulate crenate. It is*evidcnt that the Isert specimen
at Dahlem was more complete when Sprerigd published Willdenow’s
description, as the leaves are said to be oblong and the peduncle many-
flowered. Probably only a single terminal leaflet was originally present.

The many-flowered peduncle seems also to have fallen off since Willde-

now’s time, as none can now be seen on the photograph.

To this species has been doubtfully referred a specimen from Togo-
land collected by E. Baumann (No. 552), on May 16, 1895, on the Koli
River near Kame, probably not very remote from the locality where
IserPs type was collected. The Baumann specimen has 3- to 5-foliate

leaves, with petioles varying somewhat in size and shape, 35 by 13,
60 by 25,. 32 by 50, 40 by 18, or 30 by 20 mm. Curiously enough, the
terminal portion of the twig, including the last five or six intemodes,
has lost its leaves except one obovate petiole. It has three single spines

and in general resembles in a striking manner Isert’s specimen, upon
which Willdenow based his species. Another curious coincidence is in

the presence of the terminal leaflet of an originally trifoliate leaf from
which the two lateral leaflets have fallen. It was probably from such
an apparently unifoliate leaf originally present on Isert’s specimen that

^ Isert found this plant in the mountains some 50 to 75 km. north of Accra and says of it: “Je visune
nouvellc «sp^ de citroniers, avec desfeuiUes articuk’es." (Isert, P. E. Voyages en Guinee et dans les
les Caraibes en Amdrique, p. 255-256. Paris, 1793. A reprint of the original edition, Reise nach

• . . 1788, appears in Allgemcine Gcschichtc dcr ncucsten Reisen und Entdeckungen, v. i.)
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Willdenow described the leaves as oblong. This Baumann spedmen

shows an axillary inflorescence comprising some 6 to 8 flowers with

slender Ovaries (lo to ii mm.) and very slender styles somewhat

Citropsis mirabUis. The leaves of the Baumann specimen have more

broadly winged petioles than the C. mirabUis

y

and doubtless because of

this it was rrferred in the Dahlem collection to C. Prenssii, from which it

differs in the distinctly shorter, more slender style, the narrow smaller

leaflets, and the broadly rounded tips of the winged petioles and seg-

ments of the rachis. The flowers in the Baumann specimen are more

densely clustered and shorter pediceled than in C. mirabUis.

It is to be hoped that more complete material collected by Isert may

be found in the Copenhagen Herbarium which will permit the affinities

of this species, the first of the group to be discovered, to be determined

’ with exactitude.

Besides the foregoing, there remain two more African spedes of

Limonia which undoubtedly belong to Citropsis, but which can not as

yet be satisfactorily placed because of insufficient material. These are

Limonia Poggei^ var. latialata De Wild,, doubtless distinct from L. Poggeiy

and Limonia Demeusei De Wild. Both have been described and beauti-

fully figured.^

In addition to the material cited, specimens are to be found in the

various European herbaria and in the National Herbarium at Washing-

ton, D. C., which it has been impossible to place, owing to the lack of

flowers or fruits. This additional material represents collections, prin-

cipally from Congo, by Auguste Chevalier, fim. and M. Taurent, Demeuse,

L. Gentil, and others.

POSSIBLE USES OF THE AFRICAN CHERRY ORANGES

The bringing to light of a new genus belonging to the true-orange group

opens up a new field for the plant breeder, especially as some of the

species are said to bear delicious fruits in abundance.

The unusually large compound leaves—often with five leaflets, each

one of them larger than any ordinary orange leaf—give several of the

species of Citropsis a distinct advantage over any other member of the

true orange group. Large leaves are an outward and visible sign of an

active assimilating system, and it must not be forgotten that over three-

fourths of the dry substance of a plant is made up of starch, sugar, oil,

flavoring,matter, and other substances manufactured in the leaves, and a

species wkh large leaves is equipped with the first essential for rapid

growth and for developing sweet fruits of high flavor.

1 Wildeman, timle de. fitudes sur la Flore du Bas- et du Moyen-Congo. In Ann. Mua. da Congo, Bot

no. i3St), p. 378, fig. 159 .

J- S, V. I, p. 159-160. P^. 51. S3 ' 1904.

Poe£«, var. Utialata. In Card, Chron,, s. 3.
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GRAFTING, OF CITROPSIS

Experiments conducted under the directions of the authors in the
greenhouses of the Department of Agriculture at Washington, D. C., show
that Citropsis Schweinfurthii can be grafted readily and that it will grow
rapidly and vigorously on sweet orange, sour orange, grapefruit, and
lemon stocks. It can also be grafted on the tabog (Chaeiospermum gluti-

fiosa) and the wood-apple (Feronia elephantum)y two stocks on which
species of Citrus graft readily. However, it does not grow as vigorously

on these stocks as on Citrus. The very rapid growth of Citropsis when
grafted on Citrus (see PI. XTIX) is an added and striking proof of the close

affinity of these two genera. Additional experiments in budding and
grafting on other genera related to Citrus are now under way.

In view of the considerable botanical differences between Citrus and
Citropsis, it is probable that the latter will show immunity to diseases and
adaptations to soil and climatic conditions not possessed by the stocks

upon which citrous fruits are commonly grafted. Bxperimerits conducted

by the authors have already indicated that Citropsis Schweinfurthii is well

adapted to poor, sandy soils (“high pine lands”
) in Florida. Every new

stock well adapted to Citrus gives the grower and the pathologist a new
tool in the work of perfecting the culture of citrous fruits and in prevent-

ing the ravages of diseases by using stocks which are immune. The
scarcity of material of the African cherry oranges has hitherto prevented

any extensive experiments in the use of this new stock, but grapefruit

and oranges have both been budded successfully on Citropsis stocks in

the greenhouse at Washington and out of doors in Florida.

HYBRIDIZATION OF CITROPSIS

The fact that there are a number of closely allied yet distinct species

of Citropsis native to the forests of tropical Africa is an advantage to the

plant breeder in furnishing material for the improvement of the African

cherry oranges by hybridization. Whether the waxy-fruited species will

yield edible hybrids when crossed with the juicy-fruited spedcs can only

be told by experiment.

So far, the scarcity of flowers of the African cherry oranges has pre-

vented any dedsive test as to whether they can be crossed with spedes
of Citrus or not. This much can be said, that flowers of the common
lime, Citrus aurantifolia (Christm.) Swing., pollinated with Citropsis

Schweinfurthii set fruit and produced seed. Only a few seed were se-

cured and none of them gave rise to a hybrid, but this is not uncommon
m Citrus. The fact that the pollen of Citropsis was able to cause the

development of seeds is a very hopeful sign that hybrids will be secured
from pollinations in the course of the breeding experiments now being
carried on by using the pollen of Citropsis on as many spedes of Citrus
as possible.
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That hybrids of the common citrous fruits with the African cherry

oranges would be promising table fruits is rendered probable by the fact

that both Citrus and Citropsis have species which in a wild state yield

fruits beautiful to the eye, fragrant, and delicious to the taste.

Because of their beautiful foliage, their very fragrant, large white

flowers, much resembling those of the orange or lime, and their abundant,

though small, fruits, borne in tufts like cherries, the African cherry

oranges are of unusual promise for ornamentals and for hedge plants in

subtropical regions.

The fact that the true relationships of so large and so striking a group

of plants, ranging dear across equatorial Africa, could remain misunder-

stood by botanists for so long a time, is another proof of the rich harvest

of new material which awaits the attention of the plant breeder as soon

as a critical taxonomic study of the wild relatives of our principal cul-

tivated plants makes it available for his use.

P1.ATB XIvIX. Citropsis Schweinfurthii grafted on grapefruit stock {Citrus decumam),

showing vigorous growth made in 2}4 years. Plant grown in green-

house, Department of Agriculture, Washington, D. C., from seed

from Budongb Forest, Uganda, Africa. (C. P. B. No, 2903.) One-

sixth natural size.







PRELIMINARY AND MINOR PAPERS

WINTER SPRAYING WITH SOLUTIONS OF NITRATE
OF SODA*

By W. S. Bai^rd, Pathologist, Fruit-Disease Investigations, Bureau of Plant Indus-
/ry, W. H. Voeck, County Horticultural Commissioner of Santa Cruz County
Californta.

'

introduction

Recently several investigators ^ have reported results in shortening
the rest period of a number of woody plants by immersing the dormant
shoots in weak nutrient solutions or by injecting solutions of alcohol,
ether, and various acids into the twigs. These experiments have been
conducted in the laboratory with short

. cuttings of the plants. The
effect of such treatment has been to force the dormant buds out several
days ahead of the normal opening period.

^

During the last two years the writers have obtained similar and addi-
tional results on a much larger scale by spraying dormant fruit trees
with strong solutions of certain commercial fertilizers, especially nitrate
|of soda. Since these experiments have been conducted on the entire
jtrees in the orchard, it has been possible to observe the effects throughout
’the whole season. The investigations have not yet been carried far
enough to permit drawing any conclusions regarding the physiologic
action of such spraying, but because of its practical value these prelimi-
nary results seem deserving of attention at this time.

KXPRRIMRNTS IN 1912

In the course of the investigations of the writers on the control of
apple powdery mildew in the Pajaro Valley, Cal., it became evident
that the general vigoiiof the tree and the thriftiness of the foliage growth
had much to do with the success of the summer spraying treatment
for the control of the mildew, and after a number of experiments in
applying plant-food materials to the foliage in the form of summer
sprays, and after seeing that certain crude-oil emulsions used as dormant
sprays had a marked effect in stimulating an increased vigor of the trees
the following spring, it was decided to try the effect of a strong solution
of nitrate of soda as a winter or dormant spray. Caustic potash (potash
lye) was also added for the purpose of giving the spray an insecticide
value. The mixture was prepared according to the following formula:

Nitrate of soda 50 pounds.
Caustic potash 7 pounds.
W ^ 50 lonSr

The ej^rimcnt was conducted in a Yellow Bellflower apple orchard
oi-Mied by Mr. 0. D. Stoesser, of Watsonville, Cal. This orchard is

These investigations were conducted in cooperation between the Office of Fruit-Disease Invcsti-
^lons of Bureau of Plant Industry and the Office of the County Horticultural Commissioner of Santa”

“r, loeated at Watsonville, Cal. Tlic "writers’ names appear above in alphabetical order,

ices to literatme. p. 444.
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situated about 5 miles from the ocean shore and is in a district that is more
subject to ocean fogs and trade winds than is the main portion of the
Pajaro Valley. It is a common characteristic of the numerous orchards
of Yellow Bellflower apples of this particular district that they bloom
abundantly, but set only a partial crop. The trees are on a deep sedimen-
tary soil and grow well.

Seven 1 2-year-old trees were sprayed on February 2, 1912. The appli-
cation was very thoroughly made, so that all of the small twigs were
drenched. About 7 gallons of spray solution were applied to each tree
Adjoining this rowon one sidewas a check row of seven trees which received
no winter spra>ing, and on the other side were several rows of seven trees
each which received various applications of crude-oil emulsions and soaps.

For the purpose of gaining some idea of the effect of nitrate of soda
used as a fertilizer, 50 pounds were applied as a surface dressing to one
vigorous tree selected from the row adjoining the nitrate-sprayed row
This fertilizer was later plowed in and washed down by the rains,

EFFECTS ON BEOSSOMING AND ON THE FOEIAGE

Notes taken at the time the trees were coming out in the spring show
the following results

:

April 7 ,
ig 12 . Trees in the row sprayed with nitrate of soda and lye are well in bloom,

while those in the check row adjoining and in the remainder of the nnsprayed orchard
are showing only an occasional flower fully opened.* '

April 14, 1912. The relative advancement of the row sprayed with a solution of
ni trate of soda and lye and the check plat i s the same as noted on April 7 . The nitrate-

sprayed trees are nearly in full bloom, whereas comparatively few blossoms have
opened on the check plat.

When the check row had reached full bloom, the row sprayed with a solution of

nitrate of soda and lye was practically out of bloom

.

Thus, the nitrate spraying advanced the blossoming time about two
weeks ahead of the normal period. It is characteristic of the Yellow

Bellflower variety of apples in the Pajaro Valley that the foliage buds

come out early, so that by the time the full-bloom period is reached the

trees are showing a considerable amount of young foliage. The nitrate

spraying produced a change in this respect. While the flower buds were

greatly stimulated in coming out, the foliage buds were not so much
affected, and the result was that when the trees sprayed with a solution of

nitrate of soda and lye were in full bloom and two weeks in advance of

the check trees in that regard, their foliage condition was relatively nearer

that of the check. Plate L shows the comparative stages of the nitrate-

sprayed and the check trees at that time. A decided contrast will be seen

in the relative advancement of the bloom on the tree sprayed with nitrate

of soda (PI. L, fig. i) as compared with the check tree (PI. L, fig* 2). This

contrast is shown more in detail in Plate LI, in which figure i shows a

branch from a nitrate-sprayed tree, while figure 2 shows one from a check

tree. Both branches were collected on the same day. An e:p,mination

of the figures in Plate L will show that the advancement of the foliage on

the iiitrate-sprayed tree is comparatively less marked than that of the

bloom. This same condition is shown in detail in Plate LI, in which it

will be seen that there is relatively little difference in the advancement of

the foliage of the sprayed and unsprayed branches. Later in the spring,

however, the effect on foliage growth became more pronounced, the

sprayed trees assumed a more vigorous, green appearance than the check

trees. The single tree that received the 50 pounds of nitrate of soda

applied to the soil showed no greater vigor than the check trees.
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Both, the row sprayed with nitrate of soda and the check row received
sumnier sprayings directed toward the control of apple powdery mildew
and of ^dlmg moth and various other insect pests. While the treatment
of the two rows not the same, there was no essential difference in
the resmts -that is, the crop loss from codling moth and other insect
pests did not exceed i per cent on either plat and there was no damage

,to the fruit from summer spraying. It is therefore evident that the
different which showed up in the crop production of the two rows must
be attnbuted to the winter nitrate spraying.

CROP results

The check row of seven trees, which received no winter spraying but
which was properlyprotected by summer sprayings, produced 8 loose boxes
of fruit at picking time. On the other hand, the adjoining row sprayed
in February with the solution of nitrate of soda plus lye, produced a
total of a little over 40 boxes. Thus, the winter nitrate 'spraying in-
creased the crop production to fully five times that of the. unsprayed row.
Simile adjacent plats, which were winter-sprayed with various crude-oil
emulsions and soap sprays, produced crops varying from 5 to 9 boxes
per plat.

^

The single tree which received the 50 pounds of nitrate of
soda applied as a fertilizer gave no increased production, whereas none
of the trees in the nitrate-sprayed row failed to respond.
Regarding the single, heavily fertilized tree, it might be stated that in

addition to its showing no increase in production, the tree bloomed no
earlier than normal, there was no improvement in the growth and no
change in its general appearance throughout the growing season of 1912,
and in the spring of 1913 it came out normally and not differently from'
the other trees in the same row, being one of the trees in a check plat.
The tree is still in normal condition and shows no noticeable effect from
the heavy fertilizing. The orchard is not irrigated, and the rainfall has
been much less than normal during the last two years.

Attention might again be called to the conditions under which these
results were obtained—namely, thrifty-growing tfees in a deep residual
soil and having the cliaracteristic of blooming abundantly each year
but setting only a shy crop. Even the 40 boxes produced by the nitrate
spraying does not represent the full crop that such trees should bear,
but the fourfold increase much more than paid for the cost of spraying,
and the possibility remains of still further increasing that production by
similar treatment in following years.

EXPERIMENTS IN 1913

The one small experiment on seven trees in 1912 did not furnish suf-
ficient grounds for drawing any general conclusions as to the applicability
of winter nitrate spraying, but the striking results obtained opened a
Mde field of inquiry. For instance, potash lye was added to the solu-
tion of nitrate of soda in the experiment of 1912, so the questions arise

^ to whether the lye was necessary and whether an acid medium would
increase or decrease the effect of the nitrate of soda; also, would a
weaker nitrate solution prove as effective and would other nitrogen-bear-
ing fertilizer materials, such as lime nitrate, lime cyanamid, and sulphate
of ammonia, give similar results? Following along this line it would
he interesting to know what effect, if any, the other fertilizer elements.
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potash and phosphoric acid, might have when applied as sprays, and
finally, what results might be obtained from a similar application of other
substances not ordinarily considered as having any particular fertilizer

value.

Experiments intended to answer these and a number of other more
or less important questions were started in February, 1913, in the same
orchard in which the previous year's work was done. Eleven 13-year-

old trees were used in each plat. A frost occurred at the time the fruit

was setting which ruined the crop and made it impossible to obtain
results in crop production. Data were obtained, however, on the effect

of the various sprays on the blossoming of the trees in the spring, and
the notes thken may be summarized as follows:

The plats sprayed with nitrate of soda at the rate of i pound to the
gallon came into bloom earlier than the check trees, just as they had done
in 1912. This effect was more marked in the cases in which lye was'

added to the nitrate solution than when the plain water solution was
used—that is, the addition of lye in the proportion of 16 pounds of caus-

tic soda in 100 gallons of spray solution increased the action of the nitrate

of soda in bringing the trees out earlier. Caustic soda appeared to be
just as effective as caustic potash. Nitrate of soda used at the rate of

half a pound to the gallon, either with or without the addition of lye, was
not nearly so effective as a solution of i pound to the gallon. A solution

of one-fourth of a pound to the gallon, with lye added, had practically no
effect. Nitrate of soda, at the rate of i pound to the gallon, to which
oxalic acid was added in the proportion of 50 pounds to 125 gallons of

solution, produced results similar to nitrate of soda plus lye, so far as the

effect of hastening the blooming period is concerned. Time nitrate, 130

pounds in 100 gallons of water, and lime cyanamid, 92 pounds in 100 gal-

lons of water, stimulated an earlier blooming of the trees, and subsequent

experiments will probably put these substances in a class with nitrate of

soda. Normal Yellow Bellflower apple blossoms have considerable pink

color, and it was interesting to note that when the trees sprayed with the

lime cyanamid came into bloom the flowers were nearly white. The
effects from sulphate of ammonia were not nearly so marked as those

from nitrate of soda. These various nitrogen-bearing fertilizer sub-

stances were used in such strengths as to carry relatively the same quan-

tities of nitrogen per gallon. Sulphate of potash had some effect in stimu-

lating an early blooming, but double superphosphate did not. Of a num-
ber of other substances tried, common salt used at the rate of 68 pounds

to 100 gallons of water produced a distinct effect.

It will be borne in mind that the above remarks apply simply to the

effects of the various sprays in causing an earlier blooming of the trees,

but since this early blooming was a striking characteristic of the nitrate-

sprayed trees of 1912, which showed a fourfold increase in production, it

seems permissible to conclude that this effect on the fruit buds is some

criterion of what might have been expected in the way of crop increase

had not the fruit been lost by frost.

Thexbw of seven trees used in the nitrate experiment of 1912 was left

unsprftyed this last season for the purpose of determining whether the

nitrate effect would continue to the second year. It was noticed that the

font buds on these trees were particularly large and plump, and some-

what unexpectedly at blossoming time these trees came into bloom several

days ahead of the check rows. The bloom came out very uniformly all

over the trees, whereas ordinarily it is considerably delayed on the wind-
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ward side. Also, the individual blossoms were conspicuously larger than
those of any other plat, and, so far as could be judged at the time the
frost occurred, a good crop was setting all over the trees. Thus, it ap-
pears that, this effect of the nitrate of soda had continued over to the
second year.

. At present, all things considered, the best results have been obtained
by using a mixture made up as follows;

Nitrate of soda
Caustic soda. .

.

Water

200 pounds.

25 pounds.
200 g^allons.

In preparing this solution the required quantity of water was placed
in the spray tank and the agitator started. When the water was inmotion,
the required weight of nitrate of soda was added gradually. Any large
lumps were first broken up into pieces about the size of hen’s eggs. The
caustic soda was then added, and in about 15 minutes from the time thd
preparation was begun the mixture was ready for appl)dng.
The trees were very thoroughly sprayed on all sides, so that all of the

small twigs were drenched. The best results so far obtained have come
from the spraying applied about the ist of February. Of course,
weather conditions must be taken into consideration. A tain immedi-
ately following the application will wash much of the material off of the
trees, and it is probable that at least a week of clear weather should
follow the spraying, in order to insure good results.

In all of this work on spraying a solution of nitrate of soda on the trees

a considerable quantity fell to the ground, and the question will Bb raised

as to whether .the various effects observed have not been simply the re-

sult of the fertilizer action of the nitrate on the soil. About 7 gallons of

the solution were used in spraying each tree, and if the whole of this had
gone on the ground it would have amounted to about 7 pounds of ni-

trate of soda per tree. The single tree mi9i2 that had the 50 pounds of

nitrate applied to the soil therefore received over seven times the total

quantity applied to any single sprayed tree. As has been previously

stated, this single, excessively fertilized tree bloomed no earlier than
normal, produced no increased crop, and showed no improvement in

general vigor and appearance
;
w'hereas, none of the trees in the sprayed

j
31at failed to respond in all of these particulars. Of course, this single tree

test in the application of nitrate to the soil is too small an experi-

ment to permit concluding positively that the effects that we have
reported from the spraying experiments are of an entirely different nature
and belong in a different category from those produced by the ordinary
soil application of nitrate, A careful consideration of the results of

ordinary orchard practice in fertilizing seems to make it plain that there

is no similarity between them and the results from spraying. For
instance, in the usual practice of applying nitrate of soda as a fertilizer to

apple orchards in the region of Watsonville, Cal., a winter or early spring

application does not force the bloom out 10 days or 2 weeks ahead of the

normal opening period and has had no measurable effect in increasing

the set of fruit that same year. The fact that the addition of caustic

soda or oxalic acid to the nitrate spray augments these various effects

further emphasizes the difference between the results from spraying and
the ordinary results from the application of fertilizer. Caustic-soda

solution alone applied as a spray has no effect on the time of blooming or
the crop production.
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EXPERIMENTS OF GROWERS IN 1913

yellow bellflower apples

Diirine the past season a number of growers made more or le^ exten-

sive tests of the spraying with nitrate of soda. An aggregate of several

hundred acres of Yellow Bellflower apples was sprayed with nitrate of

soda plus caustic soda, but practically all of this acreage in the

came district in which the writers’ experiments were conducted, so the

crop was lost by frost. It was noticeable dunng the past summer,

however that the foUage in such orchards as received very , thorough

winter dtrate sprayings had a better appearance than in years past

due apparently to the effect of the nitrate. One orchard, that of

MacDonald & Sons, is located in a distnet that practically esiaped frost

damage and the results obtained indicated a marked crop increase in

'

fcquence of the spraying. The entire orchard, with the exception of

a few trees was sprayed with various combination of mtrate of soda

and Ive and, while no exact data on the production of the unsprayed

trees ^’compared with the rest of the orchard was obtained, the amount

of fruit on the trees indicated that the spraying had produred a marfed

increase This conclusion was more reliably substantiated by compani^

the total orchard production this year with that of previous years.

SWEET cherries

Mr \. W. Taite, of Watsonville, sprayed portions of two blocks of

Napoleon (Royal Ann) cherries with nitrate of soda, i pound to theS to which caustic soda was added at the rate of 25 pounds to 200

fa loM Unsprayed rows adjoining the sprayed ones were Wt m each

In one cLe the sprayed trees were distinctly advanced over the

check trees in coining into bloom. In both cases there was an increase

in the foliage growth and a consequent improvernent in the appearand

of the trees No effect on crop production could be noticed, though it

“possible that treatment in successive years may bnng such results.

TEARS

For our obser\.ations on pears the writers are indebted chiefly to Mr

George Reed, of San Jose, who carried out extensive tests in the orchids

of the T. Z. & G- Anderson Fruit Co. The spraying was done abo t

the I St of February and the following notes are taken largely

Mr. Reed’s observations
: .

aAiRGEAU.-Four rows of ^^out 40 trees each

lime-sulphur solution (33 Baum^) ^ 9 - 1

was added nitrate of

sprayed with lime-sulphur elution diluted i tog
, sprayed

all

^Tution iws Both plats bore a full crop, so there was no
furtiS

SreffeS on production. The
n!“rf'^in^

advancement due to mtrate spra^ng mjht ^^sul^n^ latte7part of the growing

The fruit ordinarily has a habit of dropping off d
_ g nitrate-sprayed rows*

This diffiralty, however, was largely ehminated on the nitrate spra,



, ?eb. i6; 1914 Winter Spraying "With Nitrates
443

^5, a plain water solution
of nitrate of soda at the rate of r pound to the gallon A small mrtion wS Graved
with commercial lime-sulphur solution, diluted i to 9, with nitrate of soda^ed
at the rate of i pound to the gallon of diluted spray. ^Through a mte„„d.»tHinc

“n
' 'i ‘his block, lo that crop dat^i^

“f.M. hWk 1' a
knowledge of the previouS produS

of this block as a whole indicates that the marked increased production this last
seasOT was more than probably due to tlie nitrate spraying. The Cornice is a rela-

that coull be obtained by nitrate spraying would be much appreciated bv theportion of the block that regularly produces less than the remainder
gave a good^p ^is ye^. ^d it appeared that the addition of the lime-sulphur
solution augmented the effect of the nitrate of soda just as the addition of Ive has
done in the experiments of the writers.

^

Gwirt Morceau.—A block of Glout Morceau pears was sprayed with the combi-
nanon oflime-sulphur solution diluted i to g, plus nitrate of soda i pound to the
gallon of diluted ^ray. ^is block had never produced a full crop, Ld while no
unsprayed checks were left, the increased production this year would apocar to he
due to the nitrate spraying.

Winter Nelis.—A block of Winter Nelis pears was sprayed with a solution of
nitrate of soda i pound to the gallon of water. No lime-sulphur solution was added
in this ca^. No check rows were left, ^d a frost destroyed a large perceuUge of
the fruit after it had set. However, at that time the trees were carrying the largest
crop they had ever produced, and again it would appear that the nitrate spraying
had had a beneficial effect. The trees came into bloom about lo days ahead of
normal opening penod.

DISCUSSION OF RESULTS AND SUMMARY

It is not the writers' intention to convey the impression that dormant
spraying with nitrate solutions will solve the problem of shy bearing of
fruit trees nor offer a more advisable method of applying nitrogen
fertilizer. The purpose of this paper is simply to present the results
as they now stand.

It is evident that, at least under certain conditions, some varieties of
apples and pears that are more or less self-sterile may have their crop
production materially increased by dormant spraying with solutions of
nitrate of soda plus lye. The combination of a solution of nitrate of soda
and lime-sulphur is apparently capable of bringing similar results.

Actual quantitative data on increased production from spmying with a
solution of nitrate of soda are available from only one source, that of
the first experiment on Yellow Bellflower apples in 1 912. No production
records were obtainable from the various tests made by growers during
the season of 1913, but the one test on Yellov/ Bellflower apples and
several others on pears indicate that such an increase had undoubtedly
been brought about. ^ It is considered that the growers’ knowledge of
the crops of the previous years as compared with that of this year fur-

nishes a basis for conclusions that are at least corroborative.

That nitrate spraying of dormant trees \vill bring about an earlier

blooming of certain varieties of fruit is a satisfactorily established fact,

which has been demonstrated on Yellow Bellflower apples at Watson-
ville, Cal., and on various varieties of pears at San Jose, San Juan,
and Suisun, Cal, during the past season. How generally this statement
will apply to other varieties of apples and pears and in other localities

tei^ns to be determined. Results on stone fruits have not been as
striking as those on pears and apples, but it is possible that stronger
solutions, earlier spraying, or a repetition of the spraying in successive

years may bring about such results.
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The greater danger of injury from frost that might result from forcing

trees into bloom earlier than normal would have to be taken into con-
sideration in making practical use of nitrate spraying in winter.

Aside from the effect on crop production, there has also been a very
noticeable improvement in the color, abundance, and vigor of the foliage,

and it seems possible that nitrate spraying of dormant trees may be a
valuable supplement to the ordinary fertilizer practices in obtaining

quick results in orchards suffering from lack of nitrogen.

The writers will make no attempt at present to explain the peculiar

effect of nitrate of soda in increasing the production of more or less

self-sterile varieties of fruits, or in improving foliage growth. The
similarity between the writers’ results in forcing dormant buds by
winter nitrate spraying and the results obtained by other investigators

by treating cuttings with various weak solutions has been mentioned.

In experiments of the writers, however, a more or less lasting effect on
the vigor of the foliage and also some valuable results in increasing crop

production have been obtained. It furthermore appears that the effects

obtained by spra5dng with a solution of nitrate of soda may continue

over to the second year, as shown by the original plat of 1912, which was
left unsprayed in the winter of 1913.

The effects of the nitrate spraying seem to be proportional to the

strength of the solution employed and the thoroughness with which

it is applied. The addition of caustic soda materially increases this

action.
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Plats L. Fig. i.—Yellow Bellflower apple tree in full bloom on April i6, 1912,

showing effect of spraying with a solution of nitrate of soda plus caustic

potash on February 2 previous.

Fig. 2.—Unsprayed check tree for comparison with figure i.

The illustrations are from photographs taken on the same day.
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LI. Fig. I.—A branch from a Yellow Bellflower tree in full bloom on April lo,

1913 >
showing the effect of spraying with a solution of nitrate of soda

plus caustic soda on February 3 previous.

Fig. 2,—A branch from an unsprayed check tree for comparison with

figure 1.

The illustrations are from photographs taken on the same day.
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