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PART I. INTRODUCTION

"Farmers generally would not change their prac-
tice from observing what could be done on farms op-

erated at public expense. There must, therefore, be
demonstrations carried on by farmers themselves on
their own farms and under ordinary farm conditions."

—A. C. True.

Like the farmer, the technician also demands
demonstration: before he recommends a practice, he

wants proof that it is applicable to the farms in his

area.

Since World War II the concept of technical service to farmers as a

tool for agricultural progress has grown rapidly in acceptance through-

out the world. Programs to give this type of service are being set up at

an unprecedented rate. Naturally these programs look to older ones for

guidance.

The older technical-service programs generally operate through

two well-recognized organizational entities: An experiment station and
an extension service. In its simplest form, the experiment station is a

place at which experiments are conducted to develop better practices

for farms, and the extension service is a group of advisers who help

farmers adopt these practices.

But these definitions tend to obscure a vital step in the process of

agricultural advancement: the whole complex of testing and proving op-

erations that goes far beyond the intensive research at the experiment
station itself and is necessary before an improved agricultural practice

is ready for recommendation to farmers. This complex involves out-

lying substations, experimental farms, experimental plots on farms,
farmer cooperators, and often commercial organizations such as seed
companies and farm-implement manufacturers. In fact, a considerable
part of the work of experiment stations consists of the extensive testing

that is carried on outside the physical confines of a main station.

Each of the two levels of testing serves a distinct purpose: intensive
research, at the experiment station, discovers a good practice; exten-
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sive testing, on farms, determines the applicability of that practice over
a region. Intensive research gives the first clues as to what is a better

practice but usually is not a sound basis for a flat recommendation to

farmers. Only after an extension agent is armed with satisfactory in-

formation on applicability, can he confidently recommend a practice,

knowing in advance what results farmers should get.

How extensive testing works in an agricultural^service program is

illustrated by the cooperative activities in California. The foreword to

Research Program of the Experiment Station, 1950-1951, published by
the University of California's College of Agriculture, states, "The Ag-
ricultural Extension Service and the Agricultural Experiment Station

have over 7,000 tests, demonstration and research plots scattered over
the state each year. They work closely together." And J. Earl Coke,
formerly director of agricultural extension in California and now as-
sistant secretary of the United States Department of Agriculture, wrote
to the author on September 2, 1952, as follows—

"Because of the variety of climate, soils and crops grown
in California, it is necessary to conduct test plots in the

field to determine actual adaptability of crops under local

conditions. Therefore, for many years the Extension Ser-

vice has conducted many tests, in most cases with the co-

operation of the Experiment Station. For example, grain

variety trials are conducted throughout the State by the

farm advisors. In the majority of the cases the seed for

these variety tests comes from the Experiment Station,

which also threshes, weighs, and tabulates results from
many of the plots. In addition to the agricultural exten-

sion test plots, field tests are conducted by the Experi-
ment Station in various counties, in which in most cases

the farm advisors are involved in some way. The farm
advisor may assist in the selection of the cooperator and

the plots; he may also assist in the application of various

treatments used in obtaining the results. This works
very much like the tests run by the Extension Service ex-

cept that the leadership comes from the Experiment Sta-

tion."

We see, then, how intensive research at an experiment station is not

enough support for an extension program and must be reenforced by ade-

quate extensive testing. Herein lies guidance for organizers of a new
agricultural-service program. Although at the beginning the organiza-

tion will have a much smaller extensive testing program than the State

of California, it should nevertheless recognize the place that each of
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three steps has in agricultural development: (1) Intensive research at

the experiment station to develop practices, (2) extensive testing of

these practices to determine applicability under farmers' conditions,

and (3) assistance to farmers in putting the practices into effect. Fail-

ure to provide for the second step tends toward research without oppor-

tunity for practical outlet, and toward extension without a proved tech-

nical basis.

This Guide has been prepared to aid the agricultural technician who
is specifically concerned with extensive testing on farms. When a new
practice is suggested to him, either by the experiment station or by his

own experience, he must still find answers to several questions before

he can recommend that practice: How will the practice work in the dif-

ferent parts of my area? How must it be modified for farm use? Will

it yield enough benefit to be worthwhile? How much will the benefit vary?
Answering these and similar questions on applicability involves a

kind of testing that is different from the intensive research done at the

experiment station. For one thing, it requires the cooperation of farm-
ers; for another, it has to be conducted in many locations and under ac-

tual farming conditions. Sometimes, to get valid measures of applica-

bility, the technician must go even further than locating the tests on
farms: sometimes he must have the farmers themselves do the work,
with their own implements and in their own way.

The technician concerned with testing a practice for adaptability

finds himself in the intermediate role of researcher and extension man.
In fact, since extensive testing is a step that lies between the intensive

research at the experiment station and true extension work on the farm,
it is a step that can be taken either by the researcher as a sequel to his

station experiments or by the extension man as a preliminary to his

blanket recommendation of a practice.

WHEN DO YOU MAKE EXTENSIVE TESTS ON FARMS?

The concept of extensive testing requires that you carefully assess
the real reason for your test. If you decide specifically how you want
to use the information developed by the test, you will usually be able to

decide whether you need an intensive test, an extensive test, or possibly
both in sequence. When you intend to use the information to make a

final recommendation for farmers, you probably need a test of an ex-
tensive nature.

In conventional research, the technician is concerned with a number
of practices— sometimes a very large number—and with exact measure-
ment of the responses. For these reasons, he generally lays out his

tests in replicated, or repeated, plots on one or more experimental
areas. In extensive testing the situation is somewhat different: there
the technician usually begins with a practice that is reasonably certain
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Experimental plots at a research station. Practices proved superior

here usually need extensive testing on farms before they can be recom-
mended for actual farm conditions.
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to have a beneficial effect, but he is trying to determine its applicability

to farms.
To make clearer the distinction between questions answered by re-

search and questions answered by extensive testing, we might point out

broad problems that typically involve applicability and therefore are
solved by extensive tests on farms and not by experiments at the re-

search station.

To determine conditions in an area.—Some tests are undertaken to

determine conditions in an area for which the technician is responsible.

An example is a test to determine the average response to fertilizer.

Problems of this kind might be looked upon as a survey conducted by
means of tests. The answer cannot be obtained through research at one
or two research stations; the validity of the answer depends on getting

an adequate number of tests over the area.

To find responses for different regions.—Another group of problems
concerns different responses to a practice in the different regions of the

technician's area. A region may be a soil series, a geographic complex,
or even a particular class of farmers. You may have a lead on a prac-
tice from research at the experiment station, but you may still need to

delineate the regions where the practice applies or where variations need
to be made in the practice. For example, in one soil region a 10-6-4

fertilizer mixture may be the best; in another, a 5-10-5. Such a prob-
lem cannot be solved at one location; the tests will have to be made at a

number of places in each region.

To find responses under actual farming conditions.—Research is

often conducted under "ideal" conditions, or at least under conditions

not usual on actual farms; and the clue to a better practice thus comes
out of nonrepresentative conditions. The problem still remains of de-
termining what results the practice will give on the farm. Response of

a new crop variety at the research station, on soil that has been man-
aged well, may be far different from the response on farms, where fer-
tilizer practices might be variable and quite different from those at the
station.

Or it may be a question not of differences in land conditions but
rather of farmers' operations. Then the testing has to be done not only
on the farms but also by the farmers as well—each with his own imple-
ments and in his own way. When this latter concept is involved, research
tests may indeed be quite inapplicable.

SukhatmcLi/ cites an outstanding example in India of a comparison
between the results obtained on farms and at experiment stations. His
data show the uncertainty of using research-station results as a measure

\J
T. V. Sukhatme. "Assessment of Additional Food Production"

(report of sample survey in Madhya Pradesh, 1949). Agr. Sit. in India

5:719-724, 1951.
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of farm response. He found (1) that the land to which farmers applied
new practices was much better than the average farm land of the area,
and (2) that, despite this fact, farmers' results were much less than an-
ticipated from research-station results. Some causes of such discrep-
ancies between farmer and research-station results are that

—

1. Yields from small experimental plots are usually-

greater than yields from farmers' fields.

2. Cultural operations (land preparation, seeding, culti-

vating, and harvesting) in research stations are usu-
ally more timely in application and are more thor-

oughly and expertly done than on farms. Besides,
some of the farm implements used at the station may
be different from those used by farmers.

3. Research personnel usually apply a practice more
adequately and with more ample consideration of the

factors that produce success than do farmers, who
perform the practice as a part of their farming op-
eration.

To measure the profitableness of a practice.—Before a practice can
be recommended to farmers, the question of its profitableness often

must be answered. For example, you might have this problem: What
quantity of fertilizer is the most profitable for farmers to use, consid-

ering that there may be many unknown factors, other than nutrient de-
ficiency, that are limiting crop growth under actual farming conditions ?

The best quantity of fertilizer for farmers to use, year in and year out,

may often be less than the quantity that gives the maximum yield response.
To measure the variability of benefit.— In determining whether farm-

ers in a certain region should adopt a practice, you must be concerned
not only with the average benefit in the region but also with the consist-

ency of the benefit to the individual farmers. A practice that gives large

benefits on some farms but none on others is not as safe to recommend
as a practice that gives consistent results everywhere.

To assess a practice when there is no single check.— You know that

experiments at research stations often include comparisons with present
practice. These comparisons are simple to make when there is a single

present practice: the experimenter simply includes a check plot in the

test. But sometimes there is no single present practice. For example,
if each farmer grows his own corn, the experimenter would need as many
checks as there are farms. Or, if farmers have different breeds of cows,
a large number of checks would be needed in order to test, let us say, a

new feeding practice at the research station. It might then be easier to

conduct the tests directly on farms, and the checks will be the different

actual practices on the several farms.
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HOW LONG SHOULD EXTENSIVE TESTS LAST?

For some practices the results are influenced as much by weather
as by soil. A practice that gives consistent benefit in both good years
and bad is a safer practice to recommend than one that works only in

good years. Therefore, if the consistency of a practice from year to

year is in question, you will have to repeat the test for several years.

Some practices are likely to be much influenced by yearly variabil-

ity in weather; others are not. Thus, large applications of fertilizer may
be profitable only in seasons with ample rainfall; and an extensive test

to determine the benefit year in and year out would have to be repeated
several years before final recommendations could be made. On the other

hand, feeding an improved ration to calves is likely to have benefits that

are fairly independent of weather; test of such a practice could probably
be accomplished in one year, or even less.

If the extensive test has to be repeated for several years, no hard
and fast rule can be given as to how many years are required; two years
may be enough, but several more may be needed. Your aim should be
to run the test for enough years to take in reasonable extremes of weath-
er. Long-term weather records will help you determine when you have
struck extremes; but, if such are not available, you can resort to the

opinions of extension people and farmers, who have reason to remember
the weather.

WHAT ARE THE KINDS OF EXTENSIVE TESTS?

For convenience, it seems advisable to distinguish between two kinds

of extensive tests on farms—the result test and the farm experiment.
The result test is undertaken to find the result of applying a single

practice under farm conditions; it is simple, requires little knowledge
of research methods, and has high demonstrational value for farmers.
You are already familiar with a related term, "result demonstration."
A result demonstration is used to demonstrate a result; a result test is

used to test a result. You perform a result demonstration only after the

practice has been proved; you perform a result test before it is proved.
Often, however, you may have to test more than one practice. Then

you will have to conduct a more complex kind of test—the farm experi-
ment. This kind is undertaken to find which of several practices—for

example, several fertilizer formulations— is best under farm conditions.

It requires more application of statistical methods and has less clear-
cut demonstration value. The designing of it requires the cooperation
of technicians with experience in research.
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PART II. RESULT TESTS

"It has been said that farmers
are a hard class to reach and im-
press. That is not my experience.
They are the most tractable of

people if you have anything sub-
stantial to offer—but they want
proof.

"

—Seaman A. Knapp.

The result test is closely related to the result demonstration, a tech-
nique already in wide use by extension workers. The result demonstra-
tion helps a community of farmers to learn the benefit of a recommended
practice. Its purpose and technique have been summarized as follows:

"It is used to prove the practical application of basic
facts to farm and home problems and is in no sense ex-
perimental except possibly in the mind of the demon-
strator. With this method the extension worker can uti*

lize the results secured from the adoption of a farm or

home practice or a combination of practices to prove by
comparison the value of the new method."^

The result demonstration and result test are often quite similar when
carried out in the field. The reason is obvious: often the same kind of

proof may be required to show the farmers the benefit of a practice as

is required to show the technicians. Besides, a result test usually has
fine demonstrational value; it is an effective tool for teaching as well
as for learning.

But the result demonstration, in its strict sense, is used only with
practices of which the technician already knows the true benefit. His
purpose is to give the farmers enough concrete experience with the prac-
tice to convince them of its effectiveness. In the result test the aame
technique is used: trials are made on farms and results are evaluated.

But the primary objective is distinctly different. A result test is under-

ZJ Lincoln D. Kelsey and C. C. Hearne. Cooperative Extension Work ,

p. 345. Ithaca, N. Y., 1949.
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taken to determine the benefit or effectiveness of an improved practice

under the farming conditions of the community. The result test precedes
issuance of a recommendation; the result demonstration follows it.

In the result demonstration the number and location of trials are de-

cided by the need for teaching impact on the community; in the result

test, by the need for measurement of the practice. Usually, though not

always, a larger number of trials will be required for a result test than

for a result demonstration.
The proper design of a result test is important to assure its validity.

We shall therefore point out in distinct steps the procedures you should

follow in setting one up.

STEP 1. DELIMIT THE REGIONS. Begin by deciding on the regions

within your area to which the practice should apply. This is a point that
is easily overlooked; too often we
get into the details of making the

test before we ever decide on the

regions of application.

Of course, if your particular

area is one in which approximate-
ly the same conditions— of soil,

climate, altitude, and so forth

—

prevail throughout, you will plan

to issue only one set of recom-
mendations for the whole area and
will therefore have no reason to

delimit subdivisions. But if your
area is made up of dissimilar
regions, each of which may call

for a different set of recommen-
dations, you must define these
regions.

Generally you will start with
a map of the entire area in which
you are working. On it you will

mark off the regions where the

new practice is to be tested, i. e.,

the subdivisions for which you

will issue separate recommendations if results justify. These subdivi-

sions are called test regions. In deciding how many of these to have,
you must temper your subdividing with a consideration of practical lim-
itations: The cost of testing in, and the complexity of recommending for,

many diverse regions.

Let us see how this is done. The map shows the subdivisions decided
upon for a corn-variety test. In this hypothetical example the corn-grow-
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ing area was first marked off into two main regions— one in the west and
another in the east. These were set up as separate test regions because
each had different growing conditions and would doubtlessly call for sep-
arate recommendations.

Delimitation of area of application for a proposed
practice, and subdivision of the area into test re-

gions (I. II, III, IV).

In the western region two further divisions were made according to

altitude—the coastal plains (I) and the mountains (II). This was done be-
cause research was finding that not all altitudes favor the same varieties.

Region II contains three soil types, but these were not designated as

separate test regions because they were not extensive and because sep-
arate recommendations for each soil would be too complicated to follow.

The eastern region was divided according to farming practice—dry
farming (III) and irrigated farming (IV). This was done because the vari-

eties that will prove the best under one practice will probably not prove
the best under the other and because farmers can easily follow the dif-

ferent recommendations for irrigated and nonirrigated land.

No further subdivisions were made because the number of tests re-

quired for these four regions was all that the organization could carry out.

Now, after these four regions were delimited, a complete result test

was laid out in each region.
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STEP 2. DECIDE ON THE NUMBER OF FARMS. Experience has shown
that you should have 15 to 30 farms in a result test. Fewer farms will

probably give you insufficient in-

formation for a sound recommen-
dation to farmers. On the other

hand, more than 30 farms will

rarely be necessary for a good
appraisal of a practice.

You may wonder why the num-
ber of farms is important,

'•Wouldn't one really good test on
a single farm do?" you may ask.

A moment's thought will show
you how dangerous that idea is.

Look at it this way. The farm-
ers of your area, with your guid-

ance, are trying to determine
what benefit they will get from
the new practice. You want to

know this so definitely that you
can issue a clear-cut recommen-
dation to everyone. If you conduct
a test on just one farm, even if

it is a very good test, it will ap-
ply only to that one farm. After

all, soils vary a great deal over a region, and farmers vary too. You
cannot be sure, from the one farm, what results farmers in general
will get. Obviously, you are on dangerous ground in trying to reach a

general conclusion from one case.

Then there's another point to bear in mind if you are considering a

test on just one farm. The farm you use for the test may show a marked
benefit from the practice, may even give you an increase of 50 percent
or more. But no matter how promising the results on that one farm may
be, they still cannot tell you how much the benefit will vary from farm
to farm. The very practice that proved so successful on one farm, may
give highly variable results when tried on other farms; and a practice

that gives highly variable results is not as safe to recommend to farm-
ers as one that gives consistent results. It is sobering to consider that

many a potentially good practice could be thrown completely "out of the

running" just because it failed in a one-farm test.

Consider an example in which Practice A and Practice B are both

tried on an adequate number of farms. As the following diagram shows,
each gives the same average yield, 50 bushels per acre. Judging from
that fact alone, one practice seems just as good as the other. But when
you examine each practice for consistency of result, we see that Practice
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B is obviously the safer one to recommend. The lowest yield we get with
B is 40 bushels, but with A we get a yield as low as 10:

Practice A

Lowest Average Highest
yield yield yield

10 bu. ^ f 50 bu. 4 ^ 90 bu.

Practice B

Lowest Average Highest
yield yield yield

40 bu. ^ b> 50 bu. ^—^ 60 bu.

In other words, if you had made just a one-farm test, both practices

might have given the same increase in yield. Here is where testing on

a single farm really falls down: it shows absolutely nothing about the

variability of the benefit over the region. The only way to determine the

variability is to try the practice on a sufficient number of farms.

Although we know from past experience that 15 to 30 farms are re-

quired for most tests, these numbers are, after all, a rather offhand

specification. To be exact, the number of farms you will require in or-

der to have confidence in the answer from your test will depend on two
considerations: (1) How great a benefit you expect from the new practice

on the average and (2) how much variability you expect the results to

show. If you expect a large benefit from the practice and fairly consist-

ent results throughout the region, you can cut down on the number of

farms.
The little table on the next page will help you decide how many farms

to have. Suppose, for example, that you want to test a new variety of corn
for your region. Let us say that you expect it to give so large a benefit

that it doubles the yield, that is, gives an average increase of 100 per-
cent. Let us say, too, that you expect the increase to be quite variable

in the region. Then, referring to the table, you will find that 15 farms
or so should participate. Of course it is well to put the test on a few
extra farms besides, since on some farms the test may not be carried
through to the end.

This is about as close as we can come at this point to determining
the number of farms that are required. As you might suspect, there are
more precise methods for making this determination. But they are
rather complex.
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If you expect an And, if you expect Then you should

average increase the increase in have this num-
of— the region to be— ber of farms:

^^^^ fQuite variable 10
200% —

\ XT ^ ' ^ ^ n|_Fairly consistent 7

_ I
Quite variable 15

'
I Fairly consistent 10

^
("Quite variable 25

I
Fairly consistent 15

fQuite variable 30

1 Fairly consistent 20

If you ever get into a costly result test, in which it is important to

determine the best number of farms quite accurately, you might want
to use a more precise method. The procedures are given in Parts III

and IV of this Guide. But for most tests the foregoing table is adequate.

STEP 3. SELECT THE FARMS. The
an answer that applies to all farms in

possible to have all farms partici-

pate in a result test. The crite-

rion whereby the participating

farms are chosen is important:

the participating farms must be
representative of all the farms.
If they are not, you will never
get results that are correctly ap-

plicable to the region, no matter
how carefully you conduct the test.

One method of selecting the

farms—a method that is no longer

considered valid— is to choose
farms that are thought to be
"typical" of the region. Some-
times you will hear a technician

say, "I selected this farm for the

test because it is typical." Get
away from that idea, "typical."

It is fraught with danger.

First of all, the concept of a

"typical" area is fallacious.

There is no such place.' A region

irpose of your test is to obtain

e region. Yet it is obviously im-
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Modern and primitive cultivating methods practiced in the same commun-
ity point up the need for tests of applicability. To make sure that results

of a test apply to a whole community, the technician must put the test on

a representative cross section of all farms.
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is certain to include many variations— in topography, soil, previous crop-
ping practice, farm size, method of cultivation, farmers' abilities, and
so forth. There is, in truth, no way to define what is typical. No single

plot of ground can represent an entire area, with its many diversities.

There is another reason for getting away from the idea, "typical."

Even if you could select typical farms, you would not be doing anything

worthwhile. For then the results of the test would apply only to these

typical, or average, farms. But in a result test, not only do you need to

know the average benefit of the practice; you need to know also how con-
sistent the benefit is over the range of conditions in the region. To find

this out, you will have to set up the test on a range of farms. Be careful

not to overlook this point: Variability of the response is just as important
as the average of the response.

In view of the nonexistence of typical sites and the need to test a prac-
tice on a range of sites, the only valid procedure is to select farms for

the test that are a fair cross section of all the farms. Only then will you
have farms participating that are a true representation of the farms in

the region.

Now, how can you get a fair cross section? The ideal way would be
for you to put all the farmers' names in a hat and, blindfolded, to draw
out the required number. In practice, however, it is usually impossible
to select the farms in so random a manner. For one thing, it may be in-
convenient to obtain a list of all the farmers in the area. Besides, it

may not be feasible to include certain farms.
In selecting the test farms, then, you will have to compromise on the

principle of randomization. You may have to confine them to farms lo-

cated along accessible roads, or to farms with which cooperative rela-
tions can be easily established. The less you confine your choice to a

particular class of farms, however, and the more you take the farms
"as they come," the closer you will be to having a true representation.
Remember this: Every departure from randomization imposes the danger
of bias in the applicability of the results. But this is a risk you have to
take. It will be up to you to decide how far you can wander from random
in selecting the farms without seriously detracting from the applicability
of the results to the region.
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STEP 4. DECIDE IF YOU NEED CHECK PLOTS. You must now decide
whether your test requires one or two plots per farm.

If you intend that farmers
should substitute the new practice
for some practice they are already
using, you should have two plots

on every farm: one for the new
practice and one for the old. The
following are examples: (1) Sub-
stituting a new variety for an old;

(2) using fertilizer instead of none;

(3) using an insecticide instead of

not; (4) trying a new ration for

cows instead of the old one.

The old practice is called the

check, or control. It is the con-
dition against which the new prac-
tice is to be compared.

You may note that the term
"plot" does not seem to be the

one to use for animal tests or tests

in the farm family. You can still

use the term, however, except that

you should realize that in such a

circumstance the plots are groups
of animals or people, one receiv-

ing a new practice and the other receiving the check practice.

Some kinds of comparisons do not permit you to have the check on
the same farm as the new practice; for these you will have only one plot

per farm. For example, if you are testing the effect of pest control on

cattle, you might have to treat a whole herd. Then the new practice is

applied to one farm, and another farm serves as the check. Each farm
becomes a plot; and two farms serve as a single comparison, just as in

the foregoing example, where the two plots were on the same farm.
Sometimes the test is not comparative; the practice under test is not

intended to replace what farmers had previously been doing. Possible

examples are

—

1. Finding out how a new vegetable does in a region.

2. Finding out if rabbit culture pays.

3. Making a survey of yield of wheat.

In such cases you have just one plot per farm. The information ob-

tained from each farm will be the production of the plot rather than the

advantage it has over a check plot. Here, again, if the test is with ani-

mals or human beings, the word "plot" means the group being tested.
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A farmer and his family join the technician in making plans. Extensive
testing requires farmer cooperation and, often, farmer participation.
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STEP 5. PUT IN THE PLOTS. So far you have decided on the number
of farms, selected them, and fixed the number of plots per farm. Now

you are ready to start the actual

field work of putting in the plots.

Choosing the location of the

one or two plots on a farm will be
influenced considerably by the de-
sires of the cooperating farmer.
He may want to have the plots in

a certain field, for example, close
to a road. This is all right.

There is just one point to remem-
ber: Do not select the piece of

ground solely because it is the

best piece of ground on the farm.
Rather, select it without any judg-
ment one way or the other as to

its relative fertility. Your aim
should be to locate the test plots

at random, without any purpose
for your choice as far as soil con-
ditions are concerned. Follow
this thought in locating the plots

on every farm; then the test as a

whole will be a true cross section

of the conditions in the region.

Some plots will be on good ground, some on poor. All in all, you will

have a fair representation of the soils in the region.

When your test requires two plots on a farm—a check plot and a new-
practice plot— you must be careful to guard against bias. Do not pick the

place for the new-practice plot so that it is on more fertile land than the

check. Doing so would be an error; it would invalidate the honesty of the

test, for the results might show very much in favor of the new practice.

The test would be biased and would not show the true benefit of the prac-
tice. You will use the results of the test as a guide in making recommen-
dations to farmers, and you do not want the difference in yield between
the new and old practices to be biased by differences in soil fertility.

You would like, of course, to have the two plots fall on land that is

exactly alike in fertility and other respects. But this coincidence would
be quite a difficult thing to accomplish, if not impossible.

Have the plots as close together as possible and choose them accord-
ing to convenience rather than relative fertility. Rely on repetition of

the plots from farm to farm to equalize whatever fertility differences

may exist between the plots on each farm individually.

The size of the plots is a further consideration. You know that at
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research stations most experiraental plots are rather small and all of

the same size. But in most result tests you will make the plots large;

what is more, you need not have them the same size on all farms. Ob-
serve this rule: Make the plots large enough to permit following the us-
ual farming methods and to make the results plainly visible. Anything
larger than this is unnecessary, and will not make results more precise.

Moreover, the check plot on a farm need not be the same size as the

new-practice plot. As the diagram shows, the new-practice plot can be

just a segment of a field, with the remainder serving as the check.

Check
plot

In result tests, the check plot may be much larg-

er than the new-practice plot. Sometimes just a

sample of the check plot may be harvested for the

comparison.

Then, when harvesting, determine the areas of the two plots and con-
vert the yields to an equal-area basis.

In getting data, it may be more convenient to harvest just a sample
out of the check plot. Try to locate the sample next to the new-practice
plot and have it about the same size.

If you harvest just a sample out of the check plot, be careful again to

guard against bias. Do not deliberately select a poorer spot. The way
to avoid bias is to decide on the location of the sample at the very start

of the test, before you see the results. For example, you might decide
on having the sample of the same dimensions as the new-practice plot

and adjoining it on the west.

To be safe, stipulate the position of the sample when you write the

test plan— even before you start the field work.
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STEP 6. COLLECT THE DATA. You should make every effort to get

numerical data on the results of the test; only with such data will you be
able to tell the farmers what a-

mount of benefit they can expect
to receive from the new practice
on their own farms. Try to get

actual rneasurements. Do not be
content to take merely your im-
pression of the results.

Although you may make a

number of intermediate observa-
tions that are valuable, the ulti-

mate information you want is the

actual yield or other benefit of

the practice. When you harvest
the test plots, be sure that you
also make a record of the size

of each plot. Then you can con-
vert the yields from plots of

different sizes to yields from
plots of the same size.

Here are some examples of

data that have been collected in

result tests:

Example 1. Data from part of a corn test.

New variety Old variety Yield per acre
Farm Yield Plot size Yield Plot size New variety Control

(Bushels) (Acres

)

(Bushels) (Acres) (Bushels) (Bushels)

Jones 9 1/4 100 5 36 20

Smith 28 1 25 1 28 25

Doe 16 _____ 172 _
1100 50 32 22

Example 2. Data from part of a feeding test on milk cows.

New feed Old feed Production per cow
Farm Production Number of cows Production Number of cows New feed Old feed

(Pounds) (Pounds) (Pounds) (Pounds)

Jones 89 4 653 36 22 18

Smith 627 20 576 20 31 29

Doe 148 10 211 19 15 11

Example 3. Data from part of a test of kudzu production.

Farm Yield Plot size Yield per acre
(Tons)

Jones 1.79 tons 10,000 sq . ft. 7.8
Smith 598 lbs. l/lO acre 3.0

Doe 8 584 lbs. 0. 5 acre 5.4



22

STEP 7. INTERPRET THE RESULTS. The ultimate outcome of a re-
sult test is the issuance of a recommendation, a statement on how well

the new practice works in the

region. The data you have col-

lected from the several test plots

will now have to be interpreted
for regional application. How
valid this interpretation will be
depends partly on how valid was
the cross section of farms that

was selected in the first place.

The interpretation of the re-
sults involves a number of statis-

tical calculations, but fortunately

none of these are difficult or com-
plicated. Consider that much of

the effort and planning you have
expended thus far will have been
wasted if you do not now bring the

test to its proper conclusion with
a proper statistical analysis of

the data. In fact, much of the va-
lidity of the recommendations
that ensue from the test will de-
pend on your making this analysis.

Table 1 shows how to make
an analysis for a test that is comparative. The data are from a test of

a corn variety. First list the yields from the new and check practices

for each location. The benefit is obtained by subtracting the check yield

from the new-practice yield (note that farm 13 gave a minus benefit).

Enter the squares of the benefits in the last column. Add all columns.
The means, or averages, are obtained by dividing the sums by the num-
ber of farms.
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Table 1.— Data from a corn variety test on 25 farms

Yield

New practice Check
Benefit

Square of

benefit

Bushels per acre

23

37

24

20

28

39

8

17

28

25

22

22

11

21

18

17

37

31

14

21

28

24

22

28

26

591

23.6

Bushels per acre

16

26

17

14

20

28

6

12

20

18

16

16

13

15

14

12

26

22

10

15

20

17

16

21

19

429

17.2

Bushels per acre

7

11

7

6

8

11

2

5

8

7

6

6

-2

6

4

5

11

9

4

6

8

7

6

7

7

162

6.5
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Now you use the sum of the squares of the benefits, 1,236, to obtain a

term known as the standard deviation (s.d.). The following calculations

show how this is done:

Sum of squares of benefit 1,236

(Sum of benefit)

2

^ (l62)^ ^ 26,244
^

Number of farms 25 25 '

Difference = 1236 - 1050 186

Difference _ 186
^

Number of farms minus 1 24

Standard deviation = square root of 7.75 ------ 2.8 bu.

s.d. X 100 2.8 X 100
Standard deviation in percent = —r—^ = , - - 16%^ check mean 17.2 '

You are now prepared to consider three pertinent questions in issuing

recommendations to farmers.

Question 1. What was the average increase in yield from the practice?
Solution; Divide the mean benefit by the mean yield of the

check and multiply by 100; i.e.,

6.5
X 100 = 38 percent

Answer: Farmers on the average can expect an increase
of 38 percent or 6.5 bushels per acre.

Question 2. What is the minimum increase in yield that farmers can ex-

pect 3 out of 4 times ?

Solution: Multiply the standard deviation in percent by 0.

and subtract the product from the average increase

in percent; i.e.

,

16 x 0.7 = 11.2 percent
38 - 11.2 = 27 percent

Answer: Three out of four times, the increase in yield will

be at least 27 percent.

1/ The number 0.7 here is a mathematical constant used in statistics.
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Question 3. What percent of the farmers are likely to get no increase in

yield from the new practice?

Solution: Divide the mean benefit by the standard deviation

to obtain a ratio, i.e.,

Look up answer for this ratio in the following

table, interpolating if necessary:
Ratio Answer

(Percent)

2.6 Fewer than j
2.3 1

2.0 2

1.6 5

1.3 10

1.0 15

.8 20

.7 25

Answer: About 1 percent of the farmers can normally ex-

pect to get no increase in yield from the new prac-
tice.

The statement you can make for farmers as a result of the test might
be something like this:

"What we consider a good cross section of

farmers have participated in our test, and their

results indicate that the new variety will increase
yield in our region by 6.5 bushels per acre, or

38 percent, on the average; three-quarters of the

farmers can expect at least a 27 percent increase;

and fewer than 1 farmer out of 100 should fail to

get an increase."

We might now illustrate the procedure for interpreting results when
the test is not comparative—when you have data on a practice that does
not compare with an old or check practice. In table 2 we have some data

on the yield of kudzu. Interpreting these yield results is not so very dif-

ferent from interpreting comparative benefit results. Enter the squares
of the yields in the last column and add both columns. The mean yield,

5.5 tons per acre, is the sum of the yields, 99.1, divided by the number
of farms, 18.
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Table 2.—Data for a kudzu test on 18 farms

The standard deviation is found in very much the same way as in the

previous example:

Sum of squares of yield - 565.07

(Sum of yield)^ (99.1)^ 9820.81
545 60Number of farms ~ 18 ~ 18

Difference = 565.07 - 545.60 19.47

Difference 19.47_ Y 1453Number of farms minus 117
Standard deviation = square root of 1.1453 ----- 1.07

c. . . s.d. X 100 1.07 X 100
Standard deviation m percent s: = — —— = 19yo

mean 5.5
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With data that are not comparative, we might also consider three

pertinent questions about the practice.

Question 1. What was the average yield of kudzu in the region?
Answer: 5.5 tons per acre.

Question 2. What is the least yield that three out of four farmers can

expect ?

Solution: Multiply the standard deviation by 0.7 and sub-

tract the product from the mean yield; i.e.,

1.07 X 0.7 = 0.749 tons per acre
5.5 - 0.749 = 4.8 tons per acre

Answer: Three times out of four, the yield will be at least

4.8 tons per acre.

Question 3. What is the minimum yield farmers can expect?— — ' 4/
Solution: Multiply the standard deviation by 4-/ and sub-

tract the product from the mean yield; i.e.,

1.07 X 4 = 4.28 tons per acre
5.5 - 4.28 = 1.2 tons per acre

Answer: It would be very unusual for the yield to be less

than 1.2 tons per acre.

From these results, you would be justified in issuing a recommenda-
tion to the commxinity along these lines:

**Kudzu, when established on a representative

cross section of farms in the region, yielded an
average of 5.5 tons of forage per acre. While
there is some variability over the region, three

out of four farmers can expect at least 4.8 tons

per acre; and practically all farmers should get

1.2 tons per acre as a minimum."

The 4 here is another mathematical constant.
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INTRODUCTION

In Part I of this Guide we discussed the purposes and principles of extensive

testing on farms. We said that when you are concerned with regional applica-

bility of an agricultural practice you need tests on farms as the next step

after tests at the research station » Also^ we distinguished two classes of

extensive tests--result tests and farm experiments. The result t«st^ which

was discussed in Part II, helps the technician and the community learn how

well an lagproved practice works under farm conditions. But it does not take

care of all the needed tests qf applicability on farms. For a result test

involves just e single practice and has as its purpose the testing of the

benefit of this practice alone

.

Often
j,
however^ the technician has a more complicated problems he does not

know which of several alternative practices is the best uoder farm conditions

»

I t mill til I
ffliriinipiii I lu _3—ai

To find out J he must undertake an actual experiment on farms; and the way in

which he can do so is the subject of Part III of this Guide,

Conducting farm experiments requires great care both in planning and in exe=

cution. In addition to the usual techniques of good experimental design^
two requirements must be observed in designing farm experiments

s

1= Keep the number of plots on any one farm to a minimum^ so that no one

farm is overburdened with plots

.

2. Spread the test out over enough farms to make results representative of

the region.

In order to show hov the first of these requirements can be met^ we give
some designs in this part of the Guide that permit the plots per farm to be
fewer than the number of practices under test. Most of these designs have
been adapted from .those that appear in the book Experimental Designs by
Cochran and Cox —' .

To help you design a farm experiment, we have outlined the procedure step
by step. The first steps help you select an appropriate plan. Then an
approximate but simple method is given for determining how many farms to
have in the test. Following this^ a procedure is shown for deciding on one
plan when you have several to choose fromo Finally, the field procedure
itself is described.

Before you start using this part of the Guide^ be sure to read Part I,

which presents the principles of extensive testing.

1/ William G= Cochran and Gertrude M. Cox. Experimental Designs . John
Wiley and Sons^ Inc.^ New York^ 1950-



FARM KXFERDffilTS OR RESEARCH-STATION EXPSRDdEKTS?

An experiment on farms is likely to be more expensive than an experiment
at the research station^ even though the cost may be partly reduced by
spreading the work out among more people., Besides^ an experiment is more
inconvenient to operate on several dispersed farms than at a single re-
search station. Hence^ before starting an experiment on farms ^•^ you
should be sure that this approach is what the problem really requires o

You might keep this simple rule in mind as a starting point for deciding
which type of experiment is required

s

When you do not know whether the' practices under test are
effective^ conduct the experiment at a research station
(or on just one or two experimental sites )| when you are
reasonably sure that the practices are effective but do
not know their regional applicability^ conduct the experi-
ment on farms

.

A more detailed presentation of the idea of regional applicability is
given in Part I of this Guide.

WHAT IS MEMT BY DESIGM?

Let us consider what is meant by "design." What are you trying to
accomplish? After all^, you might ask^ what else do we need to do be-
sides trying out the treatments on each fanii?

In some cases ^ that is all there is to the problem of designs merely a

testing of different practices on several farms. 'More often than not^
however such a simple procedure is not practical. For example^ what
if ycu want to test 8 treatments? Considering the difficulty of con-
ducting cooperative tests on farras^ you may not want this many plots on
one fanno You can overcome the difficulty by selecting a plan that^^ for
instance, permits you to test 8 treatments and yet have no more than two
plots on any one fann. In the Appendix^ beginning on page 51, are
various plans that you can use when you want to test more treatments
than you can put on a single farm.

Biometricians have developed plans also that will help increase the
precision of the teste By using these plans you can reduce the number
of .'replications^ or repetitions^ that are required and therefore reduce
the cost of the extensive test.

But design means more than selecting a plan. It also means detemaining
the number of farms required for the test, and the number of replications
that should be used. For you must have replication of farms if you are to

get a representation of farms and a measure of the consistency of the

results over a region.

2



SELECTING A PLAN

Most of the plans shown here are for testing 10 treatments or less

„

Those calling for a larger number are used in testing varieties of a

crop^ or testing factors in different combinations and at different
levels-^such as nitrogen^ phosphorus and potassium in different combi-

nations and amounts. Most of the plans are confined also to just a

few plots --four or fewer-^on any one farm. All the plans are to be

followed without repetition in any one location

»

If you desire to fiave more treatments or more plots per farm than in

the plans included in this Guide ^ you will have to refer to a more
exhaustive source of information on experimental design, such as the

book by Cochran and Cox—''^

» However^ before you do that^ it might be

well to reconsider your objectives^ recognizing that extensive tests

are intended to determine the applicability of practices that are
already known to be effective

»

The practicesj, in the first place^ should be fairly well screened to

eliminate those that are obviously not worthwhile » If you have a

large number of practices to test^ possibly the screening has not been
adequate. It would be better^ then^ not to conduct an extensive test^
but rather to begin with a screening experiment at one or two locali-
ties^ probably at a research station^ using a conventional research
design. This research test will permit you to eliminate those treat-
ments that are likely to be ineffective^ impractical^ or definitely
inferior. Thereafter you will be ready to conduct the extensive test^
using only practices that are likely to be effective and for which^ in

the region under consideration^ you need the information on relative
applicability.

All the plans shown call for only a few plots on each farm. It is

generally inadvisable to have a large number of plots on any one farm
because there is too much danger that the technician and the cooperat-
ing farmer will get the plots confused. If you are thinking of a large
number of plots on each farm^ reconsider the idea.. Avoid getting in-
volved in a complicated study when you are making cooperative tests.

There is a further disadvantage in having a large number of plots on
any one farm: it will tend to concentrate the test at too few locations

,

Since the principal purpose of an extensive test is to get a repre-
sentative answer for a region^ it is better to have a few plots per
farm and more farms than to have many plots on only a few farms

,

2/ Op, cit.



STEP 1

DECIDE ON THE NUMBER OF TREATMENTS

The treatments are the different practices you are testing: treatments
applied to the land or crop, or different varieties of a single crop.
Often the purpose is to compare improved practices with a current
practice. The current practice is called the cheeky or control, and
it counts as one of the treatments o Thus, if you want to test k new
varieties of wheat in comparison with the native variety of wheat,
you will have a total of 5 treatments o Sometimes the check is not
actually the same practice on every farm: the native wheat, for
instance, may comprise as many different varieties as there are fanns

.

But having exactly the same variety as a check on every farm is not
necessary, for the purpose of the test is to compare new practices
with a current practice, whatever that may be.

STEP 2

CLASSIFY THE EXPERIMENT

Table 1 lists the various plans from which you will select the one
best suited to your testing problem. To facilitate your choice,
first classify the experiment into one of three types:

Type I

Experiments are put in Type I when they involve 10 or fewer treatments

;

treatments should not be combinations of factors at several levels

.

For example, you may be comparing several different insecticides. Each
insecticide is a treatment, and the check is an additional treatment.
The purpose of the experiment, then, is to compare the several different
insecticides with the check, and determine which insecticide gives the

best results; and the experiment is simply a comparison among several
separate items

.

Type II

Experiments are put in Type II when they invol/e more than 10 treatments;
as in Type I, they should not be combinations of factors at several
levels. Such tests apply most often to varieties of a crop. As a rule
you will not want to test a very large number of varieties in an ex-
tensive test. You can usually eliminate the unadapted varieties by a



Table 1. Key to selecting plan for an extensive test.

TYPE I

10 treatments or less

Number of

treatments
Number of
plots on
each farm

Plan
to
use

Number of

treatments
Number of

plots on
each farm

Plan
to
use

1

2

1

2

3

1

2

5
k

ri

2

5

ri

2

5
k

{

{

A

B

A
C

D-1
B

A
C

D-2
E-1
B

A
C

D-3
E-2
F-1

A
C

D-k
E-5
F-2

10

1

2

3
k

1

S 2

k

1

2

3
k

1

2

5
4

A
rc

E-4
F-3

A
C

D-6

A
C

D-7
E-5
F-5

A
\c

iD-8

l:-6

F-6

TYPE II

More than 10 treatments
TYPE III

Combination of factors at
several levels

Number of
treatments

Number of
plots on
each farm

Plan
to
use

Number of
Factors Levels

Number of
plots on
each faiTE

Plan
to
use

16

25

27

36

G-1

G-2

G-3

1 3
{

{

H-1
H-2
H-3
E-k
H-5

H-6
H-T
H-8

H-9
H-10

5



research test at the experiment station.. Occasionally, however, you
may have more than 10 varieties to teste With such a large number of
varieties, you will test only a few of them at any one location so as
not to have too many plots on each farm.

Experiments are put in Type III when the treatments are combinations
of factors at several levels » An example is a fertilizer test in
which the effects of nitrogen, phosphorus, and potash are "being deter-
mined alone and in various combinations <. The factors are the indi-
vidual fertilizer elements; levels are the amounts or rates at which
they are used.

When a fertilizer element is used at two rates, such as present and
absent, or high and low, we say that the factor is at two levels.
If we go on to testing two different rates of a fertilizer in addition
to none, we say that the factor is at three levels. It is not often
advisable to test more than three levels (plans given here are for
tests up to h factors at 2 levels). If you test the minimum, average,
and maximum amounts of fertilizer that are practical, you will, be able
to draw a curve of the response, and thereby get a reasonably good
idea of the most economic level.

Although determining the optimum economic level of /arious fertilizer
combinations is a common problem in extensive testing^ experiments in

Type III need not be confined to fertilizers . One of the factors
might be a practice, such as applying green manure or an insecticide.

Each of the Type III plans referred to in Table 1 tests an equal
number of levels for all factors » Some factors are tested at two

levels; some, at three; one, at four. If you want to test an un-
equal number of levels in the same experiment, you need more compli-
cated designs; consult chapters 5 and 6 of the book by Cochran and

STEP 5
DECIDE ON THE mJMBER OF PLOTS ON EACH FARM

Generally you will want to have only a few plots at each farm. In

deciding on the number, consider the time available to each field
technician involved and the land available on the cooperating farms

,

Plans are shown for as few as one and two plots per farm.

5/ Op- cit.
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The number of plots per farm is limited somewhat by the niomber and

type of treatments o For Type I tests ^ plans are given here that

permit you to have up to k- plots on a farm with almost any number

of treatments from 2 to 10

o

STEP k

SELECT THE APPROPRIATE PLAN

You are now ready to consult Table 1 for selecting the appropriate
plan. In the column under "Plan to use" you will see 8 series^ A to

He General characteristics of each series are as follows

i

A. Each treatment is on a different farm, with only 1 plot
pc v la rm

»

B= All treatments are on each farm,

C o Each treatment is on a different farm^ as in series A;

but each farm also has a check plot^ making 2 plots
per farm..

Do Two treatments are on each farm^ but there are 5 or more
treatments in all„

E. Three treatments are on each farm^ but there are h or

more treatments in alio

F. Four treatments are on each farm^ but there are 5 or

more treatments in all.

G. There is a large number of treatments or varieties (l6

up to 36)

o

H. Treatments are factorial! i^eo^ two or more factors are
applied in combination at different levels

»

Suppose you want to test 5 separate treatments and have decided on 1

plot for each farms these specifications will lead you^ in the third
column of table 1^ to select Plan A. For detailed layout of a single
repetition of that plan^ see page Jlo Or maybe you want to test h

separate treatments and have decided on 3 plots for each farrao Such
specifications call for plan E-1; layout is shown on page 42.

Occasionally you will find you have a choice of plans » For example^
with h treatments and 2' plots at each farm, there are two possibilities
Plans C and D-2. We will have more to say on pages 17-20 on how to
choose among plans when there are several possibilities.

Suppose your test involves a large number of separate treatments and so
falls in Type II. Plans given here for this type of test cover numbers
of treatments between 16 and 36= If the number of treatments you want

7



is not included in the listj, you can follow one of two alternatives.
The first is to repeat several of the treatments to round out the
total number to fit into one of the designs shown. For example ^ if
you have 25 varieties to test, you might repeat two^ for a total of

25, and then use plan G-2c. The second alternative is to refer to
Cochran and Cox's took on experimental designs,-/ where more plans
are shown. Most of these plans ^ however, are more complicated.

But suppose your test involves combinations of factors at different
levels and so falls in Type III. Here the specifications become a
bit more complex: instead of just the number of treatments, you must
specify both the number of factors under test and the number of
levels

.

For exampJe, if you are testing nitrogen, phosphorus, and potash, you
have three factors; and if you are testing just the absence and
presence of each element, you have two levels o With 5 factors at 2

levels^ you will have 8 possible treatment combinations ("1" means
absent or the lower level; "2" means present or the higher level):

6. NgP^K^

•7. ^P^K^

8. WgPgKg

There are one or more possible plans for each combination of factors
and levels, according to the number of plots on a farm. With 5
factors at 2 levels, there is a plan for h plots per farm (H-6, on
page 63) and another for 8 plots per fam (H-7^ on page 6k) . If it

is iimnaterial whether you have 4 or 8 plots per farm, you might refer
to Step 5 of the next section (pages I7-20) for guidance.

If you want to find plans for a larger number of factors or for
factors at different levels, you can find suggestions in the book by
Cochran and Cox-2.' , However, you should be wary of tests that involve
a large number of variables and complicated designs. In extensive
testing it should be possible to answer most problems with relatively
simple designs.

V ^ cit,, Table 9,5

5/ Op^ cit.. Table 6.19
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DECIDING OK THE KUMBER OF FARMS

The four steps you have just taken have led you to one or more

possible plans for the experiment. You now have to answer the question

How many farms should he included in the experiment? That is, how many

repetitions of a plan are required to get an adequate test of the

region? By following the first four steps in this section, you will he

able to determine the number of farms and repetitions that are required

If you have several possible plans ^ you must choose among them; the

fifth step tells you how to do that.

STEP 1

ESTIMATE THE MINIMUM DIFFERENCE

The decision to be made now is thiSo How small an improvement can a

treatment give and yet prove worthwhile; in other words ^ what is the
minimum difference youwant to test? At first this may appear to be a
difficult decision^ but it is in fact quite simple for any experiment
that has a practical objective.

It is easy to see why this decision must be raadei the smaller the
effect^ the more repetitions are needed. If you are dealing with a

practice that increases yield to a spectacular extent^ you can get by
with a rather small extensive testo But if the practice produces
only a small effect, you will need a much more thorough test. Fortu-
nately, most extensive tests involve practices that give large benefits
or large increases in yield

»

One of two methods can be used to determine the minimum difference to
be tested: One is based on the cost of applying the practice; the
other, on the effort required to put the practice into effect.

On the basis of cost

Let us say that you are undertaking an extensive test to determine
whether it is beneficial to apply fertilizer and have selected an
application rate of 500 pounds to the acre= If fertilizer costs $55
a ton, the cost of the practice would be approximately $8 per acre
for the fertilizer and perhaps $2 more for applying it^ or a total
of $10 per acre. If the crop under test is corn, worth $2 a bushel,
the farmer will have to get an increased yield of 5 bushels per acre
to pay the cost of the practice. If the average yield of corn with-
out fertilizer is 50 bushels to the acre, the minimum increase needed
would be l/6, or approximately 16 percent , For the farmer to show a
profit from the practice, an even larger increase in yield would be
needed. Let us say, then, that you set the minimum difference at
something above l6 percent, perhaps 20 percent.

9



A similar method is used when you are testing factors at several
levels^ that is^ making Type III tests. Continuing the illustration,
suppose that you wish to test 3 levels of fertilizer-^O, 150^ and 500
pounds to the acre. Each level is I50 pounds higher than the preced-
ing one; and I50 pounds^ with the labor of applying it^ costs, let us
say, $5 . Going through the same computations as in the previous para-
graph, you find that an increase of 8 percent in yield would pay this
cost; a little more than 8 percent, then, is the minimum difference
you will be interested in testing.

On the basis of effort required

Sometimes the method based on cost is impractical or gives unrealistic
results and must be tempered by judgment. The minimum increase that
would be profitable by the cost method-"-say 5-percent for a certain
practice-~might be too small to compensate for the effort that farmers
would have to put forth to make the change. You might then decide
that unless the practice results in, say, a 20 percent benefit, it has
no promising basis for an extension program.

Thus, you see, you may decide on the minimum difference quite sub-
jectively. The decision may even involve program policy. Several
alternative extensive tests may be proposed; yet your organization
may have facilities for incorporating only a few of the practices into
its technical program. If so, practices that give only a small benefit
will not be of much interest. Of course, if the practice is not likely
to produce the minimum difference, you should not consider it further-.

STEP 2

ESTIMATE THE ERROR

When you try out a practice at different places, you do not always get
the same result. Sometimes the practice is good, sometimes not. This

random, accidental, or unexplained variability in different places is

called the error of the test. After the test is completed, you will
find the actual error and you will use it to set up confidence limits
for recommendations to farmers. But before you start the test, you
have to make an "informed guess" --or estimate--of what the error will
be. You need to do so because the greater the error, the more repe-
titions you will need for precision

»

A simple, approximate method will be described here to estimate the
error. It is based on your knowledge of the area and the practice
being tested. There are more advanced methods, in which you use
actual data from previous surveys or research tests and make statisti-
cal computations on a calculating machine. These methods are more

10



exact. If you do not feel satisfied with the method given in this

chapter, you might want to use the more exact methods. These are

given in Part IV of this Guide.

To determine the error of the test, you must make some guesses on

the three factors of variability:

1. Plot variability: How much do adjacent plots on the
sair.e farm vary in yield?

2. Location variability: How much do farms in the same
region vary in yield?

3. Treatment variability: How much does the benefit
from a new treatment or practice vary from farm to
farm?

If you intend to use Plan A, you will need to guess at all three of

these. But for Plans B to H, you can skip the second--location varia-
bility.

Estimating plot variability

Consider two plots of the crop in question. They are side by side
and are treated the same way. Sometimes the two plots will actually
have the same yield^ but more often they will not. Now answer the
question, "What is the maximum difference in yield that we might
obtain between these two plots?" Note that we want the maximum
difference, not the usual difference.

You see that the decision does not require actual data; it is reached
by guess. It might be wise to discuss your guess with several of your
associates; perhaps they can even help you make it.

As an example, let us say that the test is with l/i|-acre corn plots.
Further, let us say that the average yield of corn in the area Is 30
bushels per acre. The question, then, is this: "If two plots, side
by side and treated alike, gave this average yield, what would be the
extreme, or maximum, difference that we might anticipate between them?
You now answer this question, perhaps after consulting with several
competent people. You might conclude that two l/i<--acre plots side by
side, with an average yield of JO bushels per acre, might, at the ex-
treme, have a difference of 20 bushels per acre, one plot yielding kO
bushels and tile otiier 20 > This is your estimate of the maximum difference

11



Having arrived at a maximiim difference, you obtain the value for plot
variability by dividing the maximum difference by 606/

Plot variability = Maximum difference

_ 20T
= 5-I/5 bushels

A slightly different way of making the same guess is by thinking of
the average, rather than the maximum, difference. You might try this
procedure as a check on the reasonableness of the first procedure

»

Now you ask the question this way: "If we take the yields on two
adjacent plots, what on the average will be the difference between
them, when the two plots together have a mean yield of 30 busheS per
-acre?"

Clearly, two adjacent plots might have almost the same yield or they
might be quite divergent. But, after considering the question, and
discussing it with your associates, you may decide that, on the average ,

two adjacent plots might differ by 5 bushels . The plot variability is

now obtained by dividing this difference by the number 1,4:7/

, . -, .-.^^ Average difference
Plot variability = —

^^^^
—

5
~ IT?

= 3«6 bushels

Using the two procedures, you might decide on a plot variability of

3.5 bushels. This value is now expressed as a percent of the mean
yield, which is 30 bushels per acre?

Plot variability = ^'^ ^0"*^^^

= 12^

Estimating location variability

Skip this section if you are considering plans B to H. You need
determine location variability only for Plan A tests.

Location variability is merely the variability in yield between farms
that are handled by usual farming methods, that is, the differences in
yield that farmers in the region obtain. Location variability combines
differences due to climate, soil fertility, and farm practice.

6/ George W. Snedecor, Statistical Methods, kth ed., 19^6, p. 98"
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To determine location variability, you use a method very much like the

one for plot variability: you draw upon your own experience and upon
the judgment of other competent technicians or farmers in the area.

Answer this question: "For the crop and for the region in which the

extensive test will be conducted, what is the highest and lowest yield
per acre that farmers obtain?" Note, again, that we want the maximum
difference

.

As an example, let us say that the test will be conducted on corn;

that your estimate of the highest and lowest yields is 100 and 10
bushels per acre, respectively; and that the mean yield is 30 bushels
per acre. The location variability is obtained simply by dividing
this maximum difference by 6:—'

Maximum difference
Location variability = ^- —

100 - 10
= 6

= 15 bushels

Now convert this value to percent simply by multiplying by 100 and
dividing by the mean:

. -4- 15 X 100
Location variability =

.^^

= 50^

Estimating treatment variability

In some places a given practice will certainly work better than in
others. Sometimes it will produce a very large effect, sometimes
little or perhaps none» Now, answer this question: "Considering that
a treatment will not always have the same effect, what will be the
very most and the very least effects that we can expect?"

If the treatment produced exactly the same increase in yield every-
where it was applied, the treatment variability would be zero. Such
a result, however, is uncommon » More often, results will be somewhat
inconsistent among the different locations » The decision you must
now make is this: What is the probable inconsistency of the results?

You doubtless have a pretty good idea what the average effect of the
treatment will be; let us say that you anticipate an average increase
in yield of 50 percent. Of course there will be some variation; not
all locations can be expected to show this much improvement. In some

8/ Snedecor, op . cit

.

, p. 98
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places^ the treatment may work well^. in others^ not so well,,

You may be quite certain^ for example^ that in no place will you
get more than 100 percent increase from the treatment., This, then,
will be the upper limit of the treatment effect » The lower limit
will be the least effect that you antic ipate-=perhaps a 20-percent
increase,, Or you may expect that in some cases you will get no
increase in yield at alio Then the lowest treatment effect would
be zerOo

By this means ^ you arrive at two extreme values s the highest and
lowest yield increases that you can anticipate from the treatment.
The difference between these two extreme values, divided by 6,

gives the treatment variability;

Maximum difference
Treatment variability =

Another way of making the same estimate is in actual measures rather
than in percent o You start by inaking estimates like those shown in

the following example;

Average yield of check plot 50bUo per acre
Average,, increase in yield due to treatment ----- 20 bu. per acre
Maximum increase in yield due to treatment ----- J)0 hu. per acre
Minimum increase in yield due to treatment 0 bUo per acre

Then the treatment variability is computed as follows;

Maximum yield - minimum yield
Treatment variability = "— —~~6~—°~

- 60 - 30

= 5 bushels

This value is multiplied by 100 and divided by the mean yield without
treatment to get the treatment variability in percent:

. o T . ^ 5 X 100
Treatment variability =

= ni

When you are testing several treatments in one extensive test, make the

estimate of treatment variability for the treatment or treatments you
were thinking of when you estimated the minimum difference (page 9)

•
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Combining the estimates of variability

Once you have the estimates of variability^ putting them together to

get an error for the extensive test is just a matter of simple arith-
metic. You merely square the variabilities, add the squares, and
then take the square root of this sum. For Plan A, you use all three
variabilities

:

1. Plot variability = 12^ j squared =

2. Location variability = 505^; squared = 2500
5. Treatment variability = 17^; squared = 289

Total of the squares 2933
Extensive -test error (square root of 2933) - - - 5^^

For Plans B to H, you use Just the plot and treatment variabilities;

1» Plot variability = 12^; squared = Ikk
2o Treatment variability = 17^; squared = 289

Total of the squares ^33
Extensive-test error (square root of ^33) - - - 21^

STEP 5
DETERMIHE TIE HOMBER OF REPETITIONS

After you have selected a plan and have estimated the minimum differ-
ence and the error, you can determine the number of repetitions of
the plan by simple arithmetic. You can see how to do it by an example

Let us say that you have chosen Plan E-2 (page 43); that is, you are
testing 5 treatments with 3 plots per farm. Also, you have made the
following estimates

:

Minimum difference to be tested - - - ^ - 50^
Error 21^

Now divide the difference by the error;

52= 1A3
21

^

Then, in table 2, 9/ find 1.43 or the numbers closest to it in the
first column (1,25 and lo50). The number of replications required

9/ Cochran and Cox, op. cit

,

, Sec o 2,21
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Table 2. Number of replications required
for extensive tests on the basis
of the ratio between minimum
difference and error.

Rati o .

difference
VjLX V

by error

of
T*^Til 1 r*A + "I r^Ti <a

10 5

7.5 5

5
1

k

5.5 k

5.0 5

2.5 6

2.0 8

1.75 9

1.50 12

1.25 16

1.00 25

.90 28

.80 55

.70 ^5

.60 60

.50
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is estimated in the other column.. About 12 replications are required

for the whole testo

Finally, look at the description at the head of Plan E-2 (page k'^)

to find that it has 6 replications for each repetition « Therefore

—

. -, Number of replications required for teat
Times to repeat the plan = r;— —-^^^—7-: t—^ r . . . .

Number of replications in each repetition

=
6

= 2

Now you know that you will need to repeat Plan E-2 twice <.

If you look at Plan G-l^ you will note that it; like some others in
the Appendix provides several arrangements for each repetition » If

you have to repeat the plan^, use as many of the arrangements as you
cano ThuSp if 2 repetitions are required^ use arrangements 1 and 2

once each^ rather than arrangement 1 twice

o

I

STEP h
\

I

DETERMINE THE NUMBER OF FARMS
|

I I

Suppose again that you are using Plan E-2 and nave determined that
you need 2 repetitions « As is shown on page 1 repetition calls
for 10 farms; therefore you will need 20 farms in all.

STEP 5

CHOOSE AMONG SEVERAL PLANS

Now you come to the matter of choosing when Table 1 offers more than
one plan for a given number of treatments. For example^ you may
wish to have 7 treatments but are undecided as to the number of plots
per farm. Table 1 offers you 5 possible plans for 7 treatments: A,

1 plot per farraj 2 plots; D-5p also 2 plots; E-k^ 5 plots; and F-5>
k plots.

Which of these designs should you use? Begin ly summarizing in
tabular form. Steps 1 to 4 of this section for the several possible
designs. Table 5 is such a sumraary for the example under consideration.

17
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At the head of the table are listed the specifications for the design:

7 treatments and 1, 2, 3^ or k plots per farnio The minimum difference
to be tested has been determined,, by Step 1 of this section^ as 50
percent. The error ^ as determined by Step 2^ is percent for Plan A
and 21 percent for Plans B to H.

You are now ready to fill out the 10 columns of the table. In column
1 copy the possible plan numbers offered in table 1 and in column 2

list the number of plots per farm that each plan calls foro In column

5 list the ratio of difference to errors For Plan A^ it is 30/5^ji or

0.56; for the other plans it is 50/2I,?, or lok'^o In column k give the

number of replications that are required j; this you will get from table

2} which indicates 68 replications for a difference -error ratio of

0.56, and 12 for a ratio of 1.45. In column 5 list the number of
replications in each piano In column 6 give the number of repetitions
required- -a value you will arrive at by dividing the number in column
k by its corresponding number in column 5° Columns 7 and 8 you will
get from the appendix. Column 9^ which gives the total number of
farms required for the extensive test^ is obtained by multiplying
column 6 by column 7° Column 10 , the total number of plots in the
test., is obtained by multiplying column 6 by column 8.

The last two columns contain the information that you need for making
a choice among the possible designs o Note that the number of farms
(column 9) decreases as the number of plots per farm (column 2) in-
creases » With 1 plot per farm (Plan A) you will need 476 farms j with
k plots per farm (Plan F-5) you will need only 21.

Obviously^ it is better to have a few plots per farm^ provided the
required number of farms is not too great. But^ in this example

^

Plan A calls for an excessive number of farms. Almost surely you
cannot operate an extensive test that requires ^76 farms; therefore
you will eliminate Plan A.

So you move on to Plan C, which has 2 plots per farm^ It requires
72 farms J still a fairly large number. Plan D-5 also has 2 plots
per location., but it requires only 42 farms.

The one advantage of Plan C^, however^ is that It has both a treat-
ment and a control on each farm. This fact may give the test better
demonstration value, for the farmer will be able to see the effect
of the new practice more easily. However , to get this added demon-
strational value, you have to use 72 locations instead of 42^ or
approximately 75 percent more locations,,

If both these plans require too many locations
3,
you might go on to Plan

E-4, which calls for 5 plots per farm but only 28 farms „ Finally, Plan
F-5i) with 4 plots per farm, reduces the number of locations to 21.
Plans E-4 and F-5 require the same number of total plots

j,
84^ and you
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choose between them on the basis of your preference for fewer farms or
for fewer plots per farm. You might decide, for example, that k plots
are too many for each location, but that 3 would be satisfactory.
Then you choose Plan E-5o Or if you think the additional 7 farms will
be a serious handicap, you will decide in favor of Plan E-^.
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FIELD PROCEDURE

STEP 1

SEI£CT THE REGIOIS AMD TEE FAiOe

In laying out an extensive test, you will first have to decide whether
results are desired separately hy regions within the area where the

practice is to be applied » The point is discussed in Part II of this

Guide, where you will find help in making the decision. If you decide
to get results separately by regions, lay out a coB5)lete design in
each region-

With more than one region to test, you may find that your estimates of
the minimum difference or of the error aay differ among regions. If
so, determine the required number of farms separately for each region.

Methods of selecting the farse and locating the plots on each farm
also have been discussed in Part II

o

STEP 2
ASSIGl TEE BLOCiS TO THE FAHIE

Note that all plans shown in the Appendix are drawn up in blocks,
with one plot or more in each block o Each block goes on a different
farm. Your next Job is to assign the blocks to the farms.

In each plan the blocks are numbered consecutively,, You will have
to rearrange the blocks? for, if you assign them in the order shown,
each treatment will tend to be concentrated in one section of the
region and the effects will not be representative for the entire region

«

There are two schemes for assigning the blocks to the farms. Scheme 1~
is to subdivide the region and put a separate repetition in each sub-

10/ Scheme 1 permits measurement of subdivision variabilityo Selection
of plans suitable for this purpose is made somewhat arbitrarily » In
general, it has been drawn at 20 degrees of freedom for error when there
are two repetitions » Table 6 shows that the degrees of freedom for error
depend on the number of repetitions » But some plans will have a large
number of degrees of freedom for error, even with just 2 repetitions

|

with such plans we have an opportunity to get more information without
extra work. However, for the plans that are not likely to have 20 de-
grees of freedom in the error, such a subdivision of the region would
not be advisable and Scheme 2 is indicated.
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division. You can use this scheme only if you need repetitions^ and
then only with the following plans:

to D-8
E-2, E-3, E-5, E-6
F-2 to F-6
G-1 to G-k
H~5, H-8 and H-9

For the other plans --and for all plans when they are not repeated-

-

use scheme 2.

Scheme 1.

To show you how to fit a plan that permits subdivision of the
region, w« will use Plan G-1 (page 5^) as an example. This plan
calls for k blocks per repetition and gives 5 possible arrange-
ments, each one of which counts as a repetition.

Let us say you have determined by the procedure given on page 17
to use k arrangements repeated twice. This calls for a total
of 52 farms. The arrangements and repetitions are assigned
to different subdivisions of the region, but each set of k

blocks must be in the same subdivision. Hence, you will have
8 subdivisions and h farms per subdivision. Figure 1 shows
how the subdividing may be done; here it is partly physio-
graphic, partly political, and partly by extension districts.

Tuscarora township

2. East part of iat«-r,:?^

river plain

West part of
inter-river
plain

7» North part of
Extension
District B

6. South part of
Extension
District B

4, Extension District A J

30.V^'"^rJ~/"~5. West part of
Extension
District B

8. Plateau

Figure 1. Numbering the farms for Plan G-1 in a
test region that has been partitioned
into subdivisions

.
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The rest of the procedure is shown in Table The columns

for subdivisions ,
farms, and arrangements (each repeated twice)

are listed in consecutive order. But within each subdivision
the blocks are assigned at random— "out of the hat," For plans
that do not have a choice of arrangements, substitute a repe-
tition column for the arrangement column

»

Scheme 2.

When you are using one of the plans for which subdivision is

not advisable, or when you are not repeating a plan, follow
the scheme shown in Figure 2. To sharpen the contrast between
the two schemes. Figure 2 has been made for the same area as

Figure 1. Now, though, you pay no attention to subdivisions.
The farms are numbered consecutively over the region. As you
might expect, the numbering order corresponds approximately to
the geographic order. This time we are fitting Plan E-1 (page
i+2)to the region. It calls for 3 plots at each farm and re-
quires k farms for a single repetition. Let us say that you
have determined to use 8 repetitions, or a total of 52 farms.
The assignment of treatments to the farms is shown in Table 5j
you list the blocks and repetitions in consecutive order, but
list the farms in randomized order.

Figure 2. Numbering the farms for Plan E-1 in a

test region that has not been partitioned
into subdivisions.
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Table k. A convenient scheme for fitting Plan G-1 (h blocks
per arrangement) when h arrangements are repeated
twice and the 52 farms are numbered in approximate
geographic order in the test region.

Subdivision Farm Arrangement
Blocks

(randomized)

1 . Inter-river
plain (west)

Inter-river
plain (east)

Tuscarora
township

k. Extension i

District A ;

5 . Extens ion
District B
(west)

6. Extension
District B
(south)

7. Extension
District B
(north)

8 . Plateau

1 1

2 1

1
k 1

5 2

6 2

7 2
8 2

9 5
10 5
11 5
12 3

15 1,

Ik

15 k

16 k

17
18 I

19 1
20 1

21 2

22 2

25 2
2k 2

25 5
26 3
27 5
28 5

29 It

50 !
It

51 It

52
i

^

3
1

k

2

k
1

2

3

k

1

3
2

1

3

2

2

3
it

1

it

2

1

3

3
1
it

2

3
1

2
it

2it



Table 5« A convenient scheme for fitting Plan E-1
(4 blocks per repetition) when there
are 8 repetitions and the 52 farms are
numbered in approximate geographic
order in the test region.

Farm
Repetition (randomized)

1 1 5
2 1 16

5 1 12
k 1 18

1 2 26
2 2 23
5 2 31
k 2 27

1 5 29
2 3 11

5 3 lif

h 5 20

1 5
2 7
5

1.

17
k if 9

1 5 24
2 5 22

3 5 1
k 5 21

1 6 32
2 6 28

5 6 19
it 6 8

1 7 15
2 7 k

3 7 13

7 30

1 8 25
2 8 10

5 8 6
8 2
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Once the blocks are assigned to the farms you will "be able to tell
from the plan just what treatments go on the plots of each famic Your
next job is to lay out the plots and assign the treatments to them»
In selecting the plots one would like to select areas that are exactly
alike in all respects^ but it is impossible to do sOo No set of plots
will ever be found exactly alike » There are sure to be some differ-
ences in productivity among them. If you attempt to select plots that
are of equal fertility^ you are up against the same problem you face
in attempting to select "typical farms »"

The safest as well as the simplest procedure is merely to assign the
treatments at random to the plots » This assures that the effects of a

treatment will be fully representative of the results farmers will
obtain when they use the practice at random in their fields

»

You must be careful not to bias your results , If a new practice is

tested on land that has been selected because it is more fertile than
the land on which the old practice is used, the result of the test
will be biased and may be very much in favor of the new practice. It

will not be a valid measure of the true effect of the practice = Rather
the effect will be confused, or^, as the biometrician says^ "confounded^
with the natural fertility differences between the two selected plots o

landc Such selection may be considered a good idea for the purposes of

demonstration « But if the purpose of the work is to find out the true
effect of the practice so that you can be correctly guided in your
recommendations to farmers, it is essential that the treatment effects
should not be biased by natural differences in soil fertility o If you
lay out the plots and then simply assign the treatments at random to

the plots ^ you will assure against this blaso

STEP 3
COLLECT THE DATA

The data for each plot are obtained separately » At times you will feel
that the yields are unrepresentative,, especially when the new practice
fails to yield as well as the check practice. But be slow to eliminate
or "correct" plot yields solely because they are not in line with
expectations » Just remember that some variability is to be expected;
in facto one purpose of the extensive test is to get a true idea of

variability in the effectiveness of the practice o Eliminate a plot
only if you are certain that something was done wrong during the test.

Even if some of the plots have to be eliminated^ or are missing^ a

proper analysis can still be made.
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STEP k
ANALYZE THE DATA

Analyze the data "by the usual statistical methods . The analysis will
eliminate farm differences so that you can estimate the true^ unbiased
effects of the treatments. The analysis also gives the confidence
limits, that is, tells how much the benefit from each treatment may be

expected to vary. Conclude your analysis with some statement like this

As a result of the test we recommend variety A for
this region. On the average, an increase in yield
of 50 percent can be expected. Three-fourths of the
time, the increase will be at least 37 percent.
Only about 1 farmer out of every 100 can expect no
increase in yield.

Such an objective, straightforward, and conclusive statement can be
made only if you have completed a statistical analysis. The methods
need not be repeated here; they are fully described in several books
on statistical methods. For your convenience, however, we are referr-
ing only to the book by Cochran and Cox.—' Table 6 will be useful to
the technician who does the statistical analysis . The degrees of
freedom to use in the analysis of variance, and an exact reference in

Cochran and Cox, are listed for each plan. If the data from a farm
experiment are sent to a consulting biometrician for analysis, the
pertinent information from this table, together with a copy of the
plan, should be included.

One word more about the statistical analysis: Remember that in most
of the plans a complete set of treatments is not tested on every farm.
Therefore, before you can make comparisons, you must equalize treatment
values to take into account the differences among fams . Do not make
the mistake of taking the degrees of freedom shown in Table 6 and pro-
ceeding as if the tests were simply designed as randomized blocks.

11/ Cochran and Cox, op . cit
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Table 6. Notes for statistical analysis: Degrees of freedom for
the analysis of variance and the pertinent reference
in Cochran and Cox^ Experimental Designs

Abbreviations: T = No. of treatments
R = No. of repetitions of plan
L = No. of locations
A = No. of arrangements used
X = No. of times the selected number

of arrangements are repeated

Plan
Degrees of freedom**

Reference
in Cochran
and CoxTreatments Locations Error Total

A T-1
1

1
T(R - 1)

j

L-1 Sect, h.l

B T-1 L-1
;

(T-1) (L-1) TL-1 Sect. 4.2

C T T(R-l) L Sect. 4.1*

Dl 2 5R-1 5R-2 6r-i Sect. 11.54

D2 3 6r-1
:
6r-5 12R-1 Plan 11.1

D5 k lOR-1 10R-i+ 20R-1 Plan 11.2

Dk 5 15R-1 15R-5 50R-1 Plan 11.5

D5 6 21R-1 21R-6 Table 11.

5

D6 7 28R-1 28R-7 56R-I Plan 11.9

DT 8 36R-1 56R-8 72R-1 Table 11.

5

d8

1
\

9OR-I Plan 11.14

See footnotes at end of table

.
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Table 6. Notes for statistical analysis: Degrees of freedom for
the analysis of variance and the pertinent reference
in Cochran and CoX;, Experimental Designs --Continued

.

Plan
Degrees of freedom**

Reference
in Cochran
and CoxTreatments Locations Error Total

El 4r-1 8R-5 12R-1 Table 11,5

E2 ! h lOR-1 20R-4 50R-1 Table 11,5

E5 5 lOR-1 20R-5 30R~1 Plan 11.^4-

Ek 6 TR-1 14R-6 21R-1 Plan 11.7

E5 8 12R-1 2kR-Q 56R-1 Plan 10.1

e6 9 50R-1 60R-9 90R-1 Plan 11»15

Fl if 5R-1 15R-^ 20R-1 Table 11.5

F2 5 15R-1 45R-5 60R-1 Plan 11.6

F5 6 7R-1 21R-6 28R-1 Plan 11.8

Fk 7 42R-7 56R-1 Plan 11,10

F5 8 i8r-1
( ^n—

X

Plan 11.11

f6 9 15R-1 45R-9 60R-1 Plan n ^f>

Gl 15 kAX-1 12AX-15 16AX-1 Plan 10.2

G2 2k 5AX-1 20AX-2if 25AX-1 Plan 10.5

G5 26 27R-1 5i+R-26 81R-1 f Sect. 10.

h

Gk 55 6AX-1 30AX-55 56AX-1 Plan 10.7

See footnotes at end of table.

29



Table 6. Notes for statistical analysis: Degrees of freedom for
the analysis of variance and the pertinent reference
in Cochran and Cox^ Experimental Designs --Continued.

Plan
Degrees of freedom*'*-

Reference
in Cochran

Treatments Locations Error Total and Cox

HI
•

3 oR-l 6R-5 12R-1 Plan 11.1

H2
-7

3 R-1 5R-3 il-R-1 Sect. 5'1

H5 Q oR-l 12R-8 loR-1 Sect. 6.15

R-1 Qti 0oR-o 9R-1 Sect. 5*26

H5 12R-1 56R-I5 4OR-I Plan 6.12

h6 6 2R-1 6R-6 8R-1 Plan 6.1

H? 7 R-1 7R-7 Br-i Sect. 5.23

H8 26 5AX-1 2ta-26 27AX-1 Plan 6.7

H9 1+AX-l 12AX-15 16AX-1 Plan 6.h

HIO 2R-1

1

li^R-1^ 16R-1 Plan 6.2

* Analysis is made on differences at each location betx/een check and
treated plots

.

For designs that involve subdivision of a region (see Step 2, pages

21-26)^ locations should be partitioned into subdivisions and farms

in subdivisions , while the error should be partitioned into treat -

ments X subdivisions and treatments x farms in subdivisions .

*** One degree of freedom confounded with locations.
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APPEMDIX; THE PLAHS

Plan A

2 or more separate treatments

.

1 treatment and 1 plot on each farm.

A single repetition of the plan requires as many farms as there are
treatments and contains 1 replication

»

Farm 1 Farm 2

Treatment

1

Treatment

2

. . . and so forth
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Plan B

2 or more separate treatments

»

A block of all treatments on each farmo

A single repetition of the plan appears on each farir and contains 1
replication.

Block 1

etc etc

Block h

etc

and so forth,

etc
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Plan C

2 or more separate treatmente^ each compared with a check

=

A block of 2 plots on each farm-^one for a treatment and the other
for the check.

,

A single repetition of the plan requires as many farms as there
are treatments and contains 1 replication.

check

Block 2

check
and so forth,
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Plan D-1

5 separate treatments

.

A block of 2 plots (treatments) on each fam.
A single repetition of the plan requires 3 farms and contains

replications

.

Block 1 Block 2 Block 3

5^



Plan D-2

k separate treatments

.

A "block of 2 plots (treatment) on each farm«

A single repetition of the plan requires 6 farms and contains
replications o

Block 1 Block 2
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Plan D-5

5 separate treatments

.

A block of 2 plots (treatments) on each farm.
A single repetition of the plan requires 10 farms and contains k

replications

.

Block 1 Block 2 Block 5 Block k- Block 5

1 1 1 1 2

2 5 k 5 5

Block 6 Block 7 Block 8 Block 9 Block 10

2 2 5 3 if

k 5 4 5 5
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Plan

6 separate treatments

.

A block of 2 plots (treatments) on each farm.
A single repetition of the plan requires I5 farms and contains

5 replications

,

Block 6

Block 2 Block 5 Block 4

1 1 1

5

7 8 9

2 2 2

h 5 6

Block 5

_10_

5

Block 11 12 15 14 15

5 5

6 5 6 6
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Plan D-5

7 separate treatments
A block of 2 plots (treatments) on each famio
A single repetition of the plan requires 21 farms and contains

6 replications

»

Block
1

Block
2

Block

5

Block
h

Block

5

Block
6

Block

7

1 1 1 1 1 1 2

2 3 5 6 7 5

Block
8 9 10 11 12 15 14

2 2 2 2 5 5 5

h 5 6 7 5 6

Block
15 16 17 18 19 20 21

5 4 1^ 5 5 6

7 5 6 7 6 7 7
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Plan D-6

8 treatments

.

A block of 2 plots (treatments) on each farm,
A single repetition of the plan requires 28 farms and contains

7 replications

»

Block
1

Block
2

Block

5

Block
k

Block

5

Block
6

Block
7

1 1 1 1 1 1 1

2 5 k 5 6 7 8

Block
8 9 10 11 12 15 lit

2 2 2 2 2 2 3

5 k 5 6 7 8

Block
15 16 17 18 19 20 21

5 5 5 5 k

5 6 7 8 5 6 7

Block
22 23 21+ 25 26 27 28

h 5 5 5 6 6
1-7

(

8 6 7 8 7 8 8
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Plan D-7

9 treatments

»

A block of 2 plots (treatments) per farmo

A single repetition of the plan requires 36 locations and contains
8 replications

.

Block Block Block Block Block Block Block Block Block125^56789
9

Block
10 11 12 15 Ik 15 16 IT 18

2

8

2

9

Block
19 20 21 22 25 2k 25 26 27

Block
28 29 30

5

51 32 35 34 35 36

8

9

ko



Plan D-8

10 separate treatments

»

A block of 2 plots (treatments) on each farm.

A single repetition of the plan requires ^5 farms and contains

9 replications .

Block
10

Block
19

Block
28

8

Block-

37

6

8

11

20

29

58

6

9

5

1

12

21

30

10

39

6

10

22

31

ho

7

8

7

32

5

7

i+1

6

1

7

15 1^ 15

2 2 2

6 8

10

33

5

8

i^2

7

10

Block

7

Block
8

1 1

8 Q

16 17

2 2

9 10

25 26

if

5 6

35

5 5

9 10

^3 \h

8

9 10

10

18

27

36

6

7

i^5

9

10

41



Plan E-1

k separate treatments

.

A "block of 5 plots (treatments) on each farm,
A single repetition of the plan requires ^4- farms and contains

5 replications

.

Block 1 Block 2 Block 3 Block k

1 1 1 2

2 2 5 3

5 k k k

k2



Plan E-2

5 separate treatments ,

A block of 3 plots (treatments) on each farm.

A single repetition of the plan requires 10 farms and contains
6 replications

.

Block 1 Block 2 Block 5 Block h Block 5

1 1 1 1 1

2 2 2 5 3

5 5 i+ 5

Block 6 Block 7 Block 8 Block 9 Block IC

1 2 2 2 3

k 5 3 1+

5 4 5 5 5



Plan E-3

6 separate treatments

.

A block of 5 plots (treatments) on each farm.

A single repetition of the plan requires 10 farms and contains

5 replications

Block 1 Block 2 Block 5 Block k Block 5

1 1 1 1 1

2 2 5

5 6 1+ 6 5

Block 6 Block 7 Block 8 Block 9 Block 10

2 2 2 3 k

5 3 if 5 5

If 5 6 6 6

4if



Plan E-4

7 separate treatments

.

A block of 5 plots (treatments) on each farm.

A single repetition of the plan requires 7 farms and contains

3 replications

.

Block
1

Block
2

Block

3

Block
k

Block

5

Block
6

Block

7

1 2 3 k 5 6 7

2 3 5 6 7 1

k 5 6 7 1 2 3

^5



Plan E-5

9 separate treatments

.

A block of 5 plots (treatments) on each farm.

A single repetition of the plan requires 12 farms and contains
k replications

,

Block
1

Block
2

Block

3

Block
k

Block

5

Block
6

1 k 7 1 2 3

2 5 8 k 5 6

5 6 9 7 8 9

Block

7

Block
8

Block

9

Block
10

Block
11

Block
12

1 7 If 1 k 7

5 2 8 8 2 5

9 6 3 6 9 3

ii6



Plan E-6

10 separate treatments

.

A block of 5 plots (treatments) on each farm.
A single repetition of the plan requires 50 farms and contains

9 replications

.

Block Block Block Block Block Block Block Block Block Block125^56789 10

10 10

10

9

10

Block
11 12 15 Ik 16 17 18 19

3

Block
21 22 25 2h 25 26 27 28 29

10 10

5

6

10 10

kl



Plan F-1

5 separate treatments

,

A block of k plots (treatments) on each farm,

A single repetition of the plan requires 5 farms and contains
k replications

»

Block 1 Block 2 Block 3 Block h Block 5

1 1 1 1 2

2 2 2 3 3

3 3 1+ 4

k 5 5 5 5

1+8



Plan F-2

6 separate treatments

.

A block of k plots (treatments) on each farm.

A single repetition of the plan requires I5 farms and contains
10 replications

Block 1 Block 2 Block 5 Block U Block 5

1 1 1 1 X

2 2 2 2 0

5 5 3 1+

k 5 6 5 6

Block 6 7 8 9 10

1 1 1 1 X

2 5 3 3

5 k 5 5

6 5 6 6 6

Block 11 12 15 14 15

2 2 2 2 3

5 3 3

h k 5 5

5 6 6 6 6

1^9



Plan F-5

7 separate treatments

.

A block of k plots (treatments) on each farm.
A single repetition of the plan requires 7 farms and contains

k replications

.

Block
1

Block
2

Block

5

Block
k

Block

5

Block
6

Block

7

1 1 1 1 2 2 5

2 2 5 k 5 5

5 5 h 6 1^ 5 6

6 7 5 7 7 6 7

50



Plan F-h

8 separate treatments

.

A block of k plots (treatments) on each farm.

A single repetition of the plan requires 1^ farms and contains

7 replications

.

Block
1

Block
2

Block

3

Block Block

5

Block
6

Block

7

1 5 1 5 1 3 1

2 6 2 2 1^ 5

3 7 5 7 7 5 5

k 8 6 8 8 6 7

Block
8 9 10 11 12 13 11]-

2 1 2 1 2 1 2

k 5 k h 5 3

6 6 5 5 6 6 5

8 8 7 8 7 7 8

51



Plan F-5

9 treatments

.

A block of k plots (treatments) on each farm.
A single repetition of the plan requires 16 farms and contains

8 replications

.

Block
1

Block
2

Block

3

Block Bloek

5

Block
6

1 1 1 1 1 1

2 2 2 3 3

5 7 5 6 6

k 6 8 7 8 9

Block

7 8 9 10 11 12

1 1 2 2 2 2

k 5 5 6 3

8 7 8 5 7 if

9 9 9 9 9 7

Block
15 li+ 15 16 17 18

2 5 3 3 ii-

5 5 6 6 5

6 8 7 5 7 7

8 9 9 6 8 8

52



Plan F-6

10 separate treatments.

A block of k- plots (treatments) on each farm.

A single repetition of the plan requires I5 farms and contains
6 replications

.

Block 1 Block 2 Block 5 Block k Block 5

1 1 1 1 1

2 2 5 5

5 5 7 9 7

k 6 8 10 9

Block 6 7 8 9 10

1 2 2 2 2

6 3 1| 5 7

8 6 7 8 8

10 9 10 10 9

Block 11 12 15 14

5 5 5 h

5 6 5 6

9 7 5 6 8

10 10 8 7 9

55



Plan G-1

16 treatments

.

A block of h plots (treatments) on each farm.

A single repetition of the plan requires k farms and contains
1 replication.

Note that for each repetition 5 arrangements are possible. First
determine the number of repetitions you need (use Step 5.9 pages

15-17)^ and then get them in by using as many arrangements as

you can^ repeating them as many times as you need to. For example

1. For 15 repetitions, use 5 arrangements 5 times --not 5
arrangements 5 times.

*2, For 7 repetitions s use h arrangements 2 times --not 2

arrangements k times

.

5. For 2 repetitions,., use 2 arrangements 1 time --not 1

arrangement 2 times

.

Arrangement 1

Block
1 2

1 M 5

2 \

' 6

^ |l3

iio

1 '111

ik

15

I
8 !l2! 16

Arrangement k

5 k

Block
1 2

Ik

7

12

il3i

!

2

11

8

10

16

5 '

3
15

h

Arrangement 2

Block
1 2 5

il
1 , i

5

'\

\~
7

I

—

-

9 10! 11

Ik 15

k

8

12

16

Arrangement $

Block
1

ilO

15

8

2 3
^

k
_

1

9 15, 5
'

i_ 61 li^

7
1

11;

•

12
'

... i

Arrangement ^

Block
1 2

6

11

16

15

!12

rr:

114

13

10

5
!
7

I
8

* Note? Number of repetitions is raised to 8 because 7 is prime,

54



Plan G-2

25 separate treatments

.

A block of 5 plots (treatments) on each farm.

A single repetition oi' the plan requires 5 farms and contains
1 replication.

Note that for each repetition 6 arrangements are possible « First
determine the number of repetitions you need (use Step 5^ pages

15-17)j) and then get them in by using as many arrangements as you
can, repeating them as many times as you need to. For Example--

1.

3.

For 18 repetitions, use 6 arrangements 5 times--not 5
arrangements 6 times, or 2 arrangements 9 times.
For 7 repetitions, use 4 arrangements 2 times--not 2

arrangements h times .

For 2 repetitions, use 2 arrangements 1 time--not 1

arrangement 2 times.

12

25

20

Arrangement 1

Block23^5

7 1 ii2

10

13

li+

15

16

17

18

19

20

21

22

23

2h

25

Arrangement k

Block
1 2 3^4 5

161

13

2k

10

17

li^

25

21

18

15

11

22

8

19

5

Arrangement 2

Block
1 2 5 U 5

11

16

21

17

8

2h

15

7

12

17

22

8
i

13| 14

18

23

19

2k

[1
|10

15

20

25

Arrangement 5

Block123
11

18

25

21

12

19

10

6

22

15

20

16

23

Ik

Arrangement 3

Block123

13 i

!19|

25

14

20

16

22

3

9

15

4_

11

117

[23

10

12

18

2k

Arrangement 6

Block123
71

22

18

14

10

23

19

15

11

7

3

24

20

16

]2

25

21

17

13

9

5

* Note: Number of repetitions is raised to 8 because 7 is prime,
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Plan G-3

27 separate treatments

.

A block of 5 plots (treatments) on each farm.

A single repetition of the plan requires 27 farms and contains

3 replications.

Block Block Block Block Block Block Block Block Block
1 2 5 ^ 5 6 7 8 9

10

11

12

15

Ih

15

16

17

18

19

20

21

22

25

2i^

Block
10 11 12 15

10

13

16

14

11

li^

17

15

12

15

18

16

19

22

25

17

Block
19 20 21 22 25 24 25 26

10

19

2

11

20

12

21

15

22

14

25

15

24

16

25

8

17

26
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Plan G-^

56 separate treatments

.

A block of 6 plots (treatments) on each farm.

A single repetition of the plan requires 6 farms and contains only

1 replication for each treatment.

Note that for each repetition 5 arrangements are possible, and that
each arrangeraent constitutes 1 repetition. First determine the

number of repetitions you need (use Step 3j. pages 15-1T)> ^nd then
get them in by using as many arrangements as you can^, repeating
them as many times as you need to. For example--

1. For 12 repetitions use 3 arrangements k times --not 2

arrangements 6 times

.

*2. For 5 repetitions, use 3 arrangements 2 times-—not 2

arrangements 3 times »

3. For 2 repetitions, use 2 arrangements 1 time--not 1

arrangement 2 times ,

Arrangement 1 Arrangement 2

Block
1 2

9

10

11

12

13

Ik

15

16

17

18

19

20

21

22

23

2k

25

26

27

28

29

30

31

52

53

^k

35

56

25

31

Block
1 2

1

7 8

13 1^

19 20

26

32

15

21

27

33

10

16

22

28

3^

5

11

17

23

29

35

12

18

2k

30

36

Arrangement 3

Block
1 2

15

22

29

36

31

2

9

16

23

30

25

32

10

17

2k

19

26

53

if

11

18

13

20

27

3k

5

12

7

14

21

28

35

* Note: Number of repetitions
is raised to 6 because 5

is prime

,
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Plan H-1

h treatments: All possible combinations of 2 factors (a, b) at 2

levels (lover (l) and upper (2)). The lower level of a factor
may be the complete absence of it.

A block of 2 plots (treatments) on each farm.
A single repetition of the plan requires 6 farms and contains

3 replications

.

Block
1

Block
2

Block

5

Block
k

Block

5

Block
6

®1^1 ^1^1 a-^b-L ^2^1 ^2^1 a^bg

^2^1 a^bg a2b2 a-Lb2 a2b2 a2^2
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Plan H-2

k treatments: All possible combinations of 2 factors (a, b) at 2

levels (lower (l) and upper (2)). The lower level of a factor
may be the complete absence of it

.

A block of treatments {k plots) at each farm.

A single repetition of the plan requires 1 farm and, for main
effects, contains 2 replications.

Block 1

^1^1

^2^1

a b
1 2

a b
2 2
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Plan H-3

9 treatments: All possible combinations of 2 factors (a, b) at 3
levels (lowest (1)^ middle (2), and highest (3)). The lowest
level of a factor may be the complete absence of it and may
correspond to a check treatment.

A block of 3 plots (treatments) on each farm.
Use at least 2 repetitions of this plan. A single repetition

requires 6 farms and, for main effects, contains 6 replications.

Block 1 Block 2 Block 3

^1^1

^2^2

"3^

^1^2

^2^3

"3^1

^1^3

^2^1

a^b.

Block k Block 5 Block 6

^3^2

^1^2

^2^

a^b^

^2^2

^3^1
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Plan E-k

9 treatments? All possible combinations of 2 factors (a^ b) at 3
levels (lowest (l), middle (2);, and highest (5))- The lowest
level of a factor may be the complete absence of it and may
correspond to a check treatment

.

A block of treatments (9 plots) on each farm.
Use at least 2 repetitions of this piano A single repetition

requires 1 farm and, for main effects^ contains 5 replications

»

Block 1

a b
1 1

^2^1

a^b^

^1^2

^5^2

a-Lbj

^2^3

^3^3
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Plan H-5

16 treatments: All possible combinations of 2 factors (a, b) at h

levels . The lowest level of a factor may be the complete absence
of it and may correspond to a check treatment.

A block of h plots (treatments) on each farm.
A single repetition of the plan requires 12 farms and, for main

effects, contains 12 replications.

Block 1 Block 2 Block 3 Block k

ai^b^ ai^bg
M- 1

a^bi^ ^3^1 3 2

^2^ a^bg ^2^3 ^2\

^1^2 a^b-L anb^
1 3

Block 5 6 7 8

%\ %\ a^b^
4 2

^3^2 a^bj ^3^1 3 4

^2^3 agbg agbi^ agb-L

^1^1 ^1^4 ^1^2 ^1^3

Block 9 10 11 12

%\ ai^b^ ^If^l

a b
3 1

a b
3 3

a b
3 2

^2^2 ^2^1 ^2^3

^1^3 a^b-L a-^bi^ ^1^2
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I

Plan H-6

8 treatments: All possible combinations of 3 factors (a^ b^ c) at
2 levels (lower (l) and upper (2))o The lower level of a factor
may be the complete absence of it and may correspond to a check
treatment

.

A block of k plots (ti-eatments ) on each farm.

Use at least 2 repetitions of this plana A single repetition requires
2 farms and„ for main effects contains k replications o

Block 1

a2^1^1

^1^2^1

a^bicg

^2^2^"2

Block 2

^2^2^

1

a^b -j^c^

a-LbgCg

"w7
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Plan H-7

8 treatments: All possible combinations of 5 factors (a, b, c) at

2 levels (upper (1) and lower (2)). The lower level of a factor
may be the complete absence of it and may correspond to a check
treatment

.

A block of all treatments (8 plots) on each farm.

Use at least 2 repetitions of this plan. A single repetition requires
1 farm and, for main effects, contains k replications.

Block 1

^l^l^l

agbici

®1^2Cl

agbgci

Sl^lC2

agb-LCg

^1^2^2

^2^2^2

6k



Plan H-8

27 treatments; All possible combinations of 3 factors (a, b, c) at

5 levels (lowest (1), middle (2), and highest (3)). The lowest

level of a factor may be its complete absence and may correspond

to a check treatment

«

A block of 9 (treatments) on each farm.

A single repetition of the plan requires 5 fanas and, for main
effects, contains 9 replications.

Note that for each repetition k- arrangements are possible and that

each arrangement constitutes 1 repetition. First determine the

number of repetitions you need (use Step 3; pages 15-1?) ^ and then
get them in by using as many arrangements as you can (use at least

the first 2), repeating them as many times as you need to. For
example--

1. For 7 repetitions, use k arrangements 2 times*-"not 2

arrangements h times, or 1 arrangement 7 times

«

2o For 3 repetitions, use 3 arrangements 1 time--not 1

arrangement 3 times.

Arrangement 1 Arrangement 2

Block 1 Block 2 Block 3 Block 1 Block 2 Block 3

^^1^1 *1^1^3 ^1^1*^1 ^1^1^2 "^lV7
a^bgCg a^bgCj a^bgCjL *1^2*=3 ^1^2'=! ®1^2'^2

a^bjc^ ^1^3*^1 *1^3^2 a^bjCg a^bjCj ®1^3^1

*2^1^2 ®2^1^1 *2^l^5 ^2^1*^1 ®2^1^2

^2^2^

3

®2^2*^1 ®2^2^3 ^2^2^

1

-—
*2^5^1 agbjCg *2^3^1 agb^Cg

*5^1^3 »3^1"'l *3^l^2 a^b^cg ®3^1^3 ^3^1^1

^5^2^1 a^bgCg *5V3 a^bgc^ *3^2^2 a^b^c^

a^b^e2 a^bjcj ajb^c-j^ a^bjC^ ®3^3^1 a^b^Cg

* Notes Number of repetitions is raised to 8 because 7 is prime.
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Plan H-8 -- Continued

Arrangement 3

B,lock 1 Block 2 Block 5

^l^l^l

a-^b^c^

^2^1*^5

a^b^c-i
2 2 1

®2^5*^2

a^b^cg

a^bgC^

a^b^c-L

a-i_b-LC2

Q1V5

^1^3''l

a^b^c^

agbgCg

agbjc^

a^b-j_c^

a^bgc^

a^b^Cg

^1^1^5

^1^2*^1

a-j^b^Cg

^2^1^2

agbgc^

agbjC-L

^3^1^1

a^bgCg

Arrangement k

Block 1 Block 2 Block 3

^l^l^l

a-^bgc^

a^b^cg

agb-j^Cg

^2^2^1

agbjCj

a^b-LC^

a^bgCg

a3^3<^l

^1^3^3

*2^1^3

agbgCg

agb^Ci

a^b-LC-L

a^bgC^

a^b^Cg

a^b-LCj

^1^2^2

a^b^c^

^2h^l

agbgc^

agb^Cg

a^b-^cg

a^bgC-j^

a^b^c^
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Plan H-9

16 treatments: All possible combinations of k factors (a, b, c, d)

at 2 levels (lower (l) and upper (2)). The lower level of a

factor may be its complete absence and may correspond to a check

treatment

.

A block of h plots (treatments) on each farm.

A single repetition of the plan requires h f;ij-ms and^ for main
effects contains 3 replications.

Note that for each repetition 6 arrangements are possible and tliat

each arrangement constitutes 1 r'epetition. First determine
number of repetitions you neea (use 3tep pages 15-1?), and then

get them in by using as many ari'angements as you can (use at least

the first 2), repeating them as many times rjs you need to. For
example --

1. For 11 repetitions^ use 6 arrangements 2 times*- -not 4

arrangements 3 times, 5 arrangements h times, 2 arrangements
6 times, or 1 arrangement 11 times.

2. For h repetitions, use h arrangements 1 time--not 1 arrange-
ment k times

.

Arrangement 1

Block 1

^l^l^A

a^b^Cgdg

^2^2^1^1

Block 2

a^b^c^dg

a^b^c-^d^

a^bgc^d^

^2^2^2^-2

Block ^

^1^1^2'^1

'2 1^1^2

a^bgc^d^

agbgCgd-L

Block k

a^b^c^dg

a.b^^Cgd^L

^l'^2^2^1

Arrangement 2

^1^1^ 1^1

a2ti2C2d.2_

^2^2^ 1^2

"^^=2^2

agb^c-j^d-j^

^l^l''2^i

a^b^c^dg

^2^2=2^2

^2^1'^A

a-j^bgCgd-j^

^lVl^2

a-^b^c^d^

^5^1^2^1

agb-^c-Ldg

^1^2"2^2

* Note: Number of repetitions is raised to 12 because 11 is prime.
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Plan H-9 ~~ Continued

Block 1

a2^t)2C2d2

^2^1^2^1

Arrangement 3

Block 2 Block 3

^1^2^1^2

^^2VA
®1^1^2^1

®2^2*^2^2

a^b^c^d^

^l4^2^2

agbgcgdi

Block h

Block 1

^i\"A
^^2^2^1

a-j^bgCgdg

^2^1^!^^

Block

^1^2""2'^1

*1^1^1^2

Qgbgc^dg

Block 3

^1^2^1^1

agb^cgdi

®1^1^2^2

^2^2'=l'^2

Block k

^1^^2^1

S2^2<=l<il

^1^2^1<^2

a2b2^C2d2

Block 1

^l^l^l^I

agbgc^^dg

^2^1^2^2

^1^2^2%

Arrangemeot 3

Block 2 Block 3

a2bicid2

®1^2^1'^1

^1^1^2^1

^2^2C2^

^2^1*" T '^l

^1^2^ 1*^2

^1^1^2^2

a2bpC2di_

Block k

^l^l^l^

agbgC-j^d-L

^2^1^2^1

Sl^2^2'^2

Arrangement 6

Block 1

^l^l^l^l

agbgcgdi

^2^l'^2'^2

^lock 2

agb^cgd-^

ai^2^1^1

a^b^c^d2

V2'^2^2

Block 3

^2^1^l'^l

a^bgcgdi

a-j^b^C^dg

^2^2^1^2

Block 4

a^b^cgd^

agbgc^di

^2^1^A

a-j^bgCgdp
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Plan H-10

16 treatments: All possible combinations of h factors (a, b, c, d)

at 2 levels (lower (1) and upper (2)). The lower level of a factor
may be its complete absence and may correspond to a check treatments

A block of 8 plots (treatments) on each farm.

A single repetition of the plan requires 2 farms and, for main
effects, contains 8 replications. Use at least 2 repetitions.

Block 1 Block 2

^2^1^1*1 «1^1^A

a^^bgC^d^ agbgC^d-L

^1^1^2*1 agb^Cgd^

^1^1^1^2 «1^2^2^1

^2^2"2^1 ^2^"A
a^bgc-^dg a^bgc^dg

^2^1^2^2 a^b^cgdg

^-.b^c^d^12 2 2 "2^2^2^2
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PREFACE

Parts II and III of this Guide describe procedures for laying out the two
kinds of extensive tests--result tests and experiments on farms. One of
the important items in the cost of such projects is their size, i.e.,, the
number of farms they involve and the area of the plots . Of course you
want to keep the undertaking as small as possible, and yet you w^nt to

meet the requirements for adequate design. In the previous parts, some
rather crude methods were given for deciding on the number of farms to
include in an extensive test: Part II, on result tests, gave a rule-of-
thumb method; Part III, on farmi experiments, gave a somewhat better methods-
making "informed guesses" and applying to them certain simple statistical
procedures

.

Neither of these methods is likely to be very precise. They might miss
the mark by a great deal. The one source of really accurate information
would be data from surveys or experiments.

Fortunately such data are often available: surveys already may have been
made in the area; experiments already may have been conducted at one or
several research stations. If such data pertinent to an extensive test
are available, they can be used in estimating the number of farms as well
as the size of plots . The methods involve conventional statistical pro-
cedures and therefore require some knowledge of statistical analysis. For
tests that are critical, costly, or time-consuming, the added inconvenience
that statistical methods entail may be minor compared with the savings they
accomplish

.

This part of the Guide (1) describes the procedure for using data in
estimating the number of farms required for the extensive test, (2) tells
how to modify this procedure when you want plots larger than the research
plots, and (3) gives a method for determining the best size for extensive-
test plots.

This part, then, serves as a supplement to the three preceding parts. You
will need it only when you wish to improve the design that you have already
arrived at through the previous parts; and the directions that you find
here can be used only in connection with that design.



IMPROVING THE ESTIMATE OF NUMBER OF FARMS REQUIRED

In Part III of this Guide you learned how to decide on the number of
farms to have in an extensive test. You estimated three kinds of varia-
bility--plot^ location^ and treatment--and you learned to do it by a
method we might dignify as "informed guessing." With this rather crude
method, your decision as to the number of farms will not be completely
reliable^ but you will have to be satisfied with it if you lack actual
yield data from surveys or experiments. If^, however^ you have or can
get some pertinent yield data and think it worthwhile to determine the
number of farms more reliably^ you can substitute more accurate methods
for estimating each of the three kinds of variability.

The method to use will depend on^ firsts the kind of variability you are
estimating; second^ the source of your data, i.e., whether they are from
surveys or from experiments; and third, the competence and facilities
available for making statistical computations, i.e., whether you have a

trained technician and a calculating machine for him to work with.
Three methods are presented here.

Use Method 1 for plot or location variability if you have, or can obtain,
survey data on yields and if you do not have a technician and machine
available o

Use Method 2 for plot or location variability if you have, or can obtain,
survey data and if you have a technician and machine.

Use Method 5 for plot, location, or treatment variability if you have data
from experiments in the area and if you have a technician and machine.

Although each of these methods will give you a more precise estimate of
the optimum number of farms than the guessing method, the third one will
give you the most precise estimate of all. This method, however, can be
used only if some experiments already have been performed in your area
on the practice you are testing. For Methods 1 and 2, usually, data are

more easily obtained.

You do not have to use the same method for estimating all three kinds of
variability. Thus, you might be planning an extensive test on corn ferti-
lizers, and, though you may not have data on the subject, you may have
some that were obtained in experiments with corn varieties. You can use
these data for determining plot variability, following Method J" But, if

the research had been done at only two or three locations, the data may
be insufficient for getting location variability. So, for location varia-
bility, you make a little survey and obtain an estimate by Method 2.

Finally, lacking specific information on corn fertilizer experiments, you
may have to fall back on the guess procedure in Part III of this Guide to

estimate treatment variability.

2



PLOT VARIABILITY

Method 1

Method 1 uses survey data and requires no calculating machine. Perhaps
you already have data from surveys previously made; but, if you do not,

you can get some by collecting simple crop-cutting samples from 2 adjoin-

ing plots on each of 10 or more farms, having each plot of the same size

as plots you later will use in the extensive test. From such data you
can make a fair approximation of plot variability, even without a calcu-
lating machine.

Let us consider an example. You have collected data, let us say, on
yields from 2 adjoining plots on each of 15 farms. Now, for each farm
enter the yield for each plot in columns 2 and 5 of table 1; in column
h enter the difference between them. When you have done this for all
farms, use column 5 to number the differences consecutively in increas-
ing order of magnitude. Thus, Farm 5^ which has the smallest difference
between plots, get the rank of 1, and Farm 2, which has the largest
difference, gets the rank of 15= Now list the 15 farms in the order of
this rank (table 2)o The midpoint, or median, rank is 8; and the dif-
ference corresponding to this rank is So Now use this difference to

obtain the figure for plot variability, thus;

Plot variability
Difference at midpoint rank

= ^

1/

_ 6

To express this plot variability in percent you must first calculate
the mean yield of the plots : divide the sum of all the yields in table
1 (965) by the total number of plots (30). Then use the mean yield (32)
in this equation:

Plot variability in percent = Plot variability x 100
Mean yield

1/ George Wo Snedecor^ Statistical Methods , kth edo, 19^6^ seco 2.l6,

3



Table !»* Survey data on yields of 2 adjoining plots on each of I5
farms c (Each plot is of the size to be used in the
extensive test.)

Farm Plot 1 Plot 2 Difference
Rank of

difference

1 51 35 5

2 21 33 12 15

5 25 20 5 6

k 74 68 6 8

5 32 31 1 1

6 21 28 7 11

7 24 18 6 9

8 20 22 2 2

9 52 61 9 13

10 13 17

11 46 36 10 Ik

12 35 28 5 1

15 30 2k 6 10

Ik 58 k6 8 12

15 17 21 4 5

Total yield 965

Number of plots 50

Mean yield 52

k



Table 2. Relisting of farms of table 1 in order of
rank

.

Rank Farm Difference

Td. J

2 8 2

J 1

1 0

J

6 J J

7
1

12

R
vj

Qy 7
1

1 0

T T-LX o

12 8

13 9 9

14 11 10

15
1

2 12

5



Substitute this value for the one you got by the "guessing" procedure
in Part III and use it in calculating the extensive-test error (Part III,

P- 15)-

Method 2

Method 2 calls for survey data and requires a calculating machine; use
of the machine will help you obtain a more accurate measure of varia-
bility. Start with data like those in table 1, but omit the last
column; instead, square each difference in the fourth column and add the
squares \—i

+ 12^ + . , . + 42 = 649

To find plot variability, divide this sum of squares by the number of
plots, and extract the square root of the quotient:

Plot variability = \/ -^um of squares of differences
Number of plots

6k9

50

Plot variability in percent is obtained in thesameway as for Method 1:

Plot variability m percent = —'-r^—'—

= 1%

Bear in mind that use of a calculating machine does not of itself assure
a reliable estimate of plot variability. The estimate is good only so
far as the data are representative of all the farms in the area. You
should therefore evaluate both the source of the survey data and the

amount that is available. You must have measures of plot variability
from a sufficient number of farms, preferably selected at random, before
you can place much confidence in your mathematical estimate. You may
even modify this estimate by judging the representativeness of the data,

and so arrive at a better estimate. For instance, your data may have
come from soils that are more uniform than other soils in the region and
may, in your judgment, underestimate plot variability for the region as

2/ Ibid., sec. 4.2.
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a whole o If so^ you might increase your calculated value by a small
amount; thus^ in our example^ you might increase it from 15 percent to

20. The estimate you finally arrive at is the one to use in calculating
the extensive-test error (Part III^ po 15)

=

Method 3

Method 5^ which uses data from experiments and requires a calculating
machine, gives the most exact estimate of variability » It is the method
that you are likely to choose if you are working in an area that already
has an agricultural research organization for such organizations usually
accumulate data of the kind required for the method. These accumulated
experimental data^ however^ will be useful to you only if they have been
collected from farms varied enough to be fairly representative of plot
variability in the region o If they have not;, you will do better to use
data obtained from surveys and to analyze them by Methods 1 or 2o Above
all^ avoid the error of making a plot-variability estimate from experi-
ments that were all conducted at one location^ as at a research station.

If you are working in an area where research experiments are under way^
you can enlist the assistance of the technician carrying out the experi-
ments: he can obtain plot variability from the analysis of variance he
makes of his data. Which item in his analysis is the measure of plot
variability will depend on the experimental design he has used; one ex-
ample, however 3 will suffice here to show how variability can be measured
by analysis of experimental data.

Our example is based on a hypothetical experiment set up in a randomized
block design which is a rather usual typeo The experiment tests four
treatments^ covers four farms j, and has two replications^ or blocks^ per
farmo 5/ Actual experiments may differ in design from this one^ but all
well-designed experiments have these characteristics 5 (l) two or more
treatments

J
or factors under test| (2) two or more replications of the

treatments at each location; (5) repetition of the same or closely re-
lated treatments at several locations =

The first step in the analysis is to tabulate the data on yields from
each plot by treatment and location and to add up the total yields for
treatments^ farms ^ and replications (table 3)»

Next^ prepare a worksheet like that shown in table k; at the head of it

note the total number of plots in the experiment (52) and the total yield
from these plots (1^,035)° Now^ using a calculating machine^ proceed to
get the various sums of squares entering the figures for each step in
the table,,

3/ Snedecor^ opo cit-^, sec= llol3o
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Table h. Worksheet for calculating sums of squares of data in

table 5« (Number of plots, 52; sum of yields, 1^055)

Item Total Treatments Farms
Treatments

X
farms

Replications
on

farms

Uncorrected sum
of squares 5^,905 275,i^95 269,529 69,065 155,555

Divisor 1 8 8 2 k

Quotient 5^,905 5^^,187 55,691 54,552 55,885

Correction
factor 55,W 55,^^76 55,W 55,476 55,476

Corrected sum
of squares 1,427 711 215 1,056

- 711
- 215
150

407
- 215
192

9



The first one is designated as "total" ° it is the sum of the squares of
each individual yield number shown in table 3° The uncorrected value is
as follows I

592 + ^ _ = 5^,905

Enter this value in the first line under the column headed "Total,"
Immediately beneath it enter the "Divisor^" which is merely the number
of plots included in each number you have just squared; in this case it
is only !<> Divide the uncorrected sum of squares by this divisor to
get the quotient 5^^903° Before you can arrive at a corrected sum of
squares^ you have yet to compute a correction factors

Correction factor =
Total yield2
Number of plots

32

= 33,

W

Subtract this correction factor from the quotient^

3^,903 - 33,W = 1,427,

and you have the corrected sum of squares to enter as the last figure
in the column

o

The second sum of squares is calculated from the treatment totals of
table 3o

272^ + 2322 + 31^2 + 2172 = 273,495

Since each treatment total includes the yields of 8 plots., the divisor
is 8." From this point proceed as you did in finding the corrected sum
of squares for the total ^ and you will arrive at the corrected sum of
squares for treatment - -7II

»

The third sum of squares is calculated from the farm totals in table 3:

2862 + 24^2 + 234^ + 2712 = 269,529

Again the divisor is 8 since each farm total includes 8 plots o Pro-
ceeding as before c, you obtain the corrected sum of 215 =

The fourth sum of squares is calculated from the totals of each treat -

ment on each farm in table 3

2

702 + 69^ + » o . + 50^ = 69,063

10



Since each squared number in this calculation includes 2 plots ^ the

divisor is 2. Proceeding as before^ you obtain the number 1^056. But

this is not the corrected sum^ as it would have been in the first 5

columns. From it you must first subtract the sums of squares for

treatments (711) and for farms (215) to get 150. the sum of squares for

treatments x farms

.

The fifth sum of squares is calculated from the totals of each repli-
cation on each farm in table 3*

1552 + 1502 + 1262 + „ „ , + i4l2 = 155^555

The divisor is ^4- since each replication total includes k plots o Now
proceed as before until you obtain the value hOf; this number, however^
contains not only the replication differences but the farm differences
as wello Hence subtract the sum of squares for farms (215 )p the re-
mainder, 192, is the corrected sum of squares for replications on farms <,

Now transfer these 5 sums of squares to the analysis -of-variance sheet
(table 5)» In the first column list the various sources of variation,
i.eo, the various factors that contributed to the yield; treatments,
farms, treatments x farms, and replications on farms. For each of these
and for the total ^, sums of squares are entered (from table k) in the
second columno For the item just before the total^ "treatments x repli-
cations on farms," the sum of squares is obtained by subtracting all
other sums of squares from the total sum of squares.

The third column in table 5 is headed "degrees of freedom," For each
source of variation the number of degrees of freedom is as follows

s

Treatments- Number of treatments (k) less lo

Farms: Number of farms (k) less 1<,

Treatments x farms : Degrees for treatments (3)
multiplied by degrees for farms (3)0

Replications on farms: Nvunber of replications
on each farm less one (2-1) multiplied by
number of farms (k)

.

Treatments x replications on farms 2 Total de-
grees (number of observations less 1, or 32
- 1) less the degrees found thus far (3+3
+ 9 +

In the last column are listed the mean squares. These are obtained
by dividing the degrees of freedom into the sum of squares. For ex-
ample^ the mean square for "treatments x replications on farms" is

179/12, or 15.

11



Table 5« Analysis of variance of data in table 5^
for arriving at an estimate of plot
variability.

Source of variation
Sum
of

squares

Degrees
of

freedom

Mean
s quare

1 . Treatments 711 5 257

2 . Farms 215 72

5 . Treatments x farms 150 9 Ik

4. Replications on farms 192 k kQ

5. Treatments x replications
on farms (plot variability) 179 12 15

6. Total

12



You are now ready to calculate the plot variability:

. . -..^ A / Mean square for treatments x
Plot variability = A/ ^ t,

V replications on farms

To express this variability in percent^ use the following equation^
which calls for the mean yield of untreated plots „ These plots are
the ones that were shown in table 3 as receiving treatment B; i.e.,

the check treatment.

Plot variability in percent

Use this estimate in the calculati
page 15)

«

Plot variability x 100
Mean yield of check plots

- 5-87 X 100
29«0

= 1%

ms of extensive-test error (Part 111

The tests at the different farms may not involve exactly the same
experimental design. Often the treatments are not exactly the same.
As long as they are reasonably similar you can combine them^ even if

the number of treatments or replications differ. In order to combine
plot variability from different experiments^ calculate first the plot
variability in percent for each experiment separately. Then square the
percentages. Add the squares^ and obtain the mean of the sum by divid-
ing it by the number of experiments « Finally^ take the square root of
the mean. As an examples

Experiment Plot Variability Squares
(Percent)

1 12 Ikk
2 15 225

3 10 100
k 13 169

sum of squares 638
Mean of squares (638/4) I60
Mean plot variability ( ) 12.^

15



A word of caution about Method 5° The calculations are rather exact,
but in using the resulting information for designing an extensive test,
it is generally necessary to exercise some discretion as to applica-
bilityo If the plots to be used in the extensive test are much larger
than those used in the experiment, additional calculations are necessary
(see page 28),

Furthermore, in order to feel confident about using the information from
experiments, you must be fairly sure that soil variability at the experi-
ment stations is reasonably representative of soil variability on farms
in the region. If the soil is more uniform at the experiment stations
than it is likely to be on the extensive-test farms, you would be justi-
fied in raising somewhat the estimate of plot variability.

Ik



LOCATION VARIABILITY

Method 1

If survey data—the kind used for Method l=-do not already exist for
your area, you can obtain some by making a quick survey of farms o An
example of data collected in such a survey is shown in Table 6: 15
farms were selected at random^, and yield per acre of the crop in
question was obtained from the farms' total yield of that crop^ not
from small sample plots <, If^ however^ you get yields from small plots,
follow instead the procedure in Method 2 (page l8)„

The first step in determining location variability from the yield data
in table 6 is to add all the yields and divide by the number of lo-
cations^ thus arriving at the mean yield--in this example^ 52 » Now
find the difference between the mean yield and each location yield^
and enter these differences^ or deviations, in the third column » Rank
the locations in increasing order of the deviations: Farm 2 has the
smallest deviation and ranks first; Farm k has the largest deviation
and ranks fifteenth. Now list the 15 farms in the order of this rank
(table 7)0 The midpoint^ or median^ rank is Q; and the deviation
corresponding to this rank is 9- Location variability is now obtained
as follows s

Location variability =
Deviation for midpoint rank

_ _9_
" OoT

= 15

To express the variability in percent, use this equation;

. . J -ujt-, J ±. s 2. Location variability x 100
Location variability in percent = —=— Mean yield

~—

'

13 X 100
52

= hlio

Use this estimate in the calculations of extensive-test error (Part III,
page 15)0

k/ Snedecor^ op cit,, sec. 2,l6.
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Table 6= Survey data on average yield
of entire farms ^ for 15
randomly selected farms

.

Farm
Yield per

acre
Deviation
from mean

Rank

1 27
1

' k

2 1 1

5 25 9 1

if

i

71 59 \
15

^
1

^5
1

51

6 2k 8 6

1 \

21 11 10

8 21 11 11

9 57 25 Ik

10 15 17 15

11 kl 9 8

12 51 1

15 27 5 5

14 42 10 9

15 19 15 12

Total yield 1+85

Mean yield 52
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Table 7. Relisting of farms of table 6 in
order of rank.

Rank Farm Deviation

2

5 1

12 1

5

13
i

1

5

6 '
1

8

7 3 9

8 11 9

9 llf 10

10 7 11

11 8 11

13 10 17

14
'

i

25

15 39

17



Method 2

With Method 2^ which calls for a calculating machine^ you can make a
more accurate estimate of location variahility from the survey datao
We vill illustrate the procedure for two types of datas one in which
yields of entire farms are available^ and the other in which yields
of sample plots are available.

The data in table 6 can be used as an example of yields for entire
farms . Start with the yields in the second column of the table and
add their squares: 5./

27^ + 33^ + o , , + 192 = 18,777

From this value, the uncorrected sum of squares, subtract a "correction
factor" obtained by squaring the sum of the yields and dividing by the
number of farms i

Correction factor =
1^85'

15

= 15.553

Subtracting 15^553 from l8,777^ you get 3,224 o This value is called
the corrected sum of squares » Now divide by the number of farms less

1, that is, by I5 - 1, to get the mean squares

Mean square =
Sum of squares

Number of farms - 1

_ 3224
~ vT

= 230

The square root of 230^ or I5, is the location variabilityo Express
it in percent as follows i

, , , ^ Plot variability x 100
Location variability in percent = Mean yield

—

—

15 X .1.00

32

5_/ Snedecor, op. cit^, seco 2o8<
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This percent is a more exact computation of the location variability
than the ^1 percent obtained by Method lo This becomes, then, the
estimate to use in calculating extensive-test error (Part III, page 15)

Now let us illustrate the procedure when the yields are for small plots
on farms rather than for entire farms .6/ You must measure 2 plots side
by side on each farm. Hence, you can use here the data collected for
plot variability in table lo However, summarize the data as shown in
table 8.

The first step is to square each observation, or the value for each
plot, and add the squares to get the uncorrected sum:

51^ + 21^ + + 2r = 37,769

Then compute the correction factors

Correction factor Total yield^
Number of plots

9652

30

= 31,0^1

The difference between the uncorrected sum of squares and this
correction factor, 37j>769 - 31>0^1, or 6,728, is called the total sum
of squares. Enter it in the indicated place in table 9» In the next
column, enter the total degrees of freedom—the total number of ob-
servations less 1, or 30 - 1»

The next value to conipute is the sum of squares for farms 0 Add the
squares of the farm totals (in last column of table 8) and divide by
the number of plots per farm;

i-^-i-58! ^ Ik^ ^ ^^^^^^

and then subtract the correction factor, already computed as 31^0^1, to
get 6,^03. Enter this value in table 9 as the sum of squares for farms

In the next column enter the degrees of freedom--the number of farms
less 1, or 15 - lo

Now, for plots p obtain the sum of squares and degrees of freedom by
subtracting the values for farms from the values for total.

6/ Snedecor, op. cit, , sec. 10.6.
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Table 8. Survey data on yields of 2 adjoining
plots on each of 15 farms . (Each plot
is of the size to be used in the
extensive test)

Fann Plot 1 Plot 2 Sum

1 51 55 66

2 21 55 54

5 25 20 45

k 7^ 68 142

5 52 51 65

6 21 28 49

7 24 18 42

8 20 22 42

52 61 115

10 15 17 50

11
1 1, if

;
40 56 o2

12 55 28 61

15 50 24 54

Ik 58 46 84

15 17 21 58

Total yield . 965

Number of plots 50

Mean yield 52
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Table 9- Analysis of variance of data in table 8, for arriv-
ing at location and plot variabilities

»

Source
of

variation

Sum
of

squares

Degrees
of

freedom

Mean
square

Units Variance
component

Farms 6,405 Ik i+57

Plots 525 15 22 1 22

Total 6,728 29

Difference due to farms 455 2 218
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Obtain the mean squares for farms and plots by dividing the degrees of
freedom into the sum of squares. Then, to find out what variation was
due to the farms, subtract the mean square for plots from the mean
square for farms . You have to do this to eliminate the plot-to-plot
variation from the farm differences

.

The next column of table 9, "units," gives the number of individual
plots that were represented in the numbers you squared. For farms, you
squared a value that represented 2 plots; hence, enter 2 in the bottom
line of that column. For plots, you squared the values for individual
plot yields; hence, enter 1 for plots. Divide the mean squares by the

respective number of units to get the values called variance conrponents,

The square roots of these variance components are the variability
values we seek. For farms (locations) the variability is the square
root of 2l8, or 1^.8. Expressed in percent of the mean, it is;

- , . J T_jT4i J J. Location variability x 100
Location variability in percent =

Mean yield

_ U.8 x 100

52

= k6$

Use this variability in calculating extensive -test error (Part III,

page 15).

If the plots of the survey are approximately the same size as those
you will use in the extensive test, the variance component for plots
can be used to determine plot variability. Follow the same procedure
as with location variability;

Plot variability = a/22

=

You express this variability in percent as follows;

Plot variability in percent « Plot variability x 100
Mean yield

k.7 X 100
32

= 15f>

Note that you have the same answer here as you obtained by Method 2 for

plot variability, page 6. Use this estimate in your calculation of

extensive-test error (Part III, page 15)

•
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Method 3

Method 5^ which uses experimental data for estimating variability^
should be used for location variability only if the experiments have
been conducted on enough farms to constitute a fair sampling of the
regiono A minimum of 10 farms is a good rule-of-thumb requisite

o

Most experiments are conducted in only one location^ or in only a few^,

and therefore cannot serve the purpose

o

Table 3 shows experimental data from only k farms ^ not enough to make
a reasonably precise estimate of location variability » When data are
from so few locations^ do not use Method 3 for calculating location
variability. Instead^ use one of the other methods already described

o

They are based on a more Inclusive sample and also require much less
computation.

Another disadvantage of using experimental data for determining location
variability is that the calculations are usually complicated. You will
have to call on the technicians at the research station to do the cal-
culations. This may be feasible^ and we will therefore give an example
of the procedure in the next section^ on treatment variability., In
that section we will use the same example for both treatment and lo-
cation variability

o

TREATMENT VARIABILITY

Only data from experiments can be used to calciilate treatment varia-
bility. Hence ^ Methods 1 and 2, the ones that work with survey data,
are not applicable o But^ in using Method 5j t)e sure that your data
are from an experiment that meets the following requirements; (l)

Experimental farms must be representative of the region as to both
anticipated treatment effects and treatment variability and (2) experi-
mental treatments must be similar to those planned for the extensive
test. Unless the experiment meets both these requirements, you had
better use the method given in Part III (page 13) of this Guide

o

Let us assume that the data in table 3 are from an experiment that

meets these requirements and therefore can be used to illustrate the

procedure of Method 3» Start with the analysis of variance that was
made of the data in table ^ oX/ §./ You now rewrite the table, using
symbols as shown in table 10, The purpose of the revision is to help

T/ William G, Cochran and Gertrude M, Cox, Experimental Designs ,

New York, 1950^ Sec, li^,lo

8/ Snedecor, op o cit , seCo llol3<.
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you Isolate the variance component for treatment variability from the
rest of the information obtained in the experiment. The revision looks
imposing but is not difficult if you follow directions step by step^

Copy the first column of table 5 into the first column of table 10

o

Filling in the next section of the table ^ "Calculating mean square in
symbols^" is accomplished in 3 steps that will be easy if you simply
follow directions o By the time you have finished the third step, you
will have written equations that show the various components in symbols
for each mean square

o

Step 1 is to assign a letter as a symbol for each source of variation
thus J T for treatments; F for farms; R (F) for replications ^ or plots
on farms; and all the symbols --TFR(F) --for the total,, After each
symbol^ write the number that applied in the experiment: table 5 will
remind you that there were h treatments^ h farms ^ and 2 replications
per farm^ making 52 plots in alio

In Step 2 J, write the cofficient for each variance in step lo This con-
sists of the symbols that are missingo To clarify: all the symbols^ T,

F^ and R(f) , are found in the total; but not all are found in each
variance. Whichever ones are missing in each are now to be written
under Step 2^ in small letters. Thus^ for variance T^, both F and R >f, are
missing; write them so--fr (f, c When you get down to the fourth line^
note that the variance^ R (f) ^ lacks both T and F; but the F is not
written in Step 2 because there is a rule that when a symbol appears
in parenthesis in the variance of Step 1^ this symbol shall not be
repeated in the coefficient.

Nowj'O'j come to Step 5^ which^ when finished^ will give you the complete
formulas , First copy each variance into this column^ preceding it with
its coefficient; for "treatments^" for instance^ write fr(f)To Now add
to it all other variances that also contain the identifying symbol T^

not forgetting to precede each variance with its coefficient » In this
case^ the other variances that contain T are TF and TR (f) ; the latter,
not having a coefficient to precede it^ is added all by itself. Con-
tinue thus to the end of the column. When you get to the last line

^

all you will have to enter will be TR (fi ^ for there is no other vari-
ance with all these symbols, neither does it have a coefficient to

precede it o

Having calculated the mean squares in symbols^ copy in the last column
the numerical mean squares from table 5j and then you have everything
you need to solve the symbol equations for the numerical value of the

variance components o Start with TR(f) , the plot variability on the

fifth lineo You need do no more than look in the last column to find

that its value is 15 » Now you can solve for R (f; on line ki

tE(F, + TR(f) = kQ

2k
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Since t = 4 (from the second column) and TR(f)

thus

:

=15, rewrite the equation

kQ - 13
R(F) = ^

= 8.25

Now proceed to solve for treatment variability, on the third line from
the hottom:

r (f) TF + TR(F) = Ik

2TF + 15 = 14

TF = ^^^^
2

= -0.5

This negative value is unusual j generally TF is positive. A negative
variance component should he taken as zero.

When you obtain a positive value for TF—25, for example—simply take
its square root to obtain the treatment variability:

Treatment variability = Y TF

= ViF"

= 5

To express this treatment variability in percent, use the following
equation, which calls for the mean yield of check, or untreated^ plots
(see table 3 f*or yields of plots receiving treatment B);

_ . . 4 -1.41144. 4^ 4. Treatment variability x 100
Treatment variability in percent = — , ^ ^ ^ ,

^ ^Mean yield, check plots

3 X 100
= 29

= ni>

Use this estimate in your calculation of extensive-test error (Part III,

page 15),
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While we were discussing plot variability early in this section, we
pointed out that experimental data can be used for estimating location
variability also, provided the experiment covers enough locations to

provide an adequate sample , The experiment summarized in table 5 had
only k locations, hardly enough for a region of any size. Nevertheless
we can use this experiment to illustrate the procedure for determining
location variability o Refer again to table 10, and write the equation
for farms

:

tr(f) F + r(f) TF + tR(F) + TR(f) = 72

Substitute the coefficients and the variabilities already solved:

(k x 2F) + (2x0)+ (if x 8) + 15 = 72

8F + 0 + 32 + 15 = 72

F = 72 - 32 - 15

8

= 3«12

Then, since location variability is simply the square root of F--

Location variability = V F

= V37i2

1.77

To express this location variability in percent, use this equation:

. , o,.. . . Location variability x 100
Location variability in percent = -r;^ —

\^ ^. ^

—T—r-Mean yield of check plots

= 6$

This is the estimate that you will use in calculating extensive-test
error (Part III, page I5),
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MODIFYING THE ESTIMATE FOR LARGE PLOTS

If you have determined plot variability from data taken from plots of
the same size as those you will use in the extensive test, you will not
need the information in this section » But you may wish to use larger
plots in the extensive test^ especially in order to enhance its demon-
strational value c If so^ you will need the information given here.

When the extensive-test plots are to be much larger than the experi-
mental plots ; there is an additional adjustment to makeo The procedure
is quite simple = If the experimental plots were 5 square feet and the
extensive-test plots will be 500 square feet^ each of the latter will
contain 100 experimental-plot units » Now refer to table 11. In the
first column are listed a range of ratios between the sizes of the
extensive-test plots and the experimental plots <, The remaining columns
give corresponding factors s one for crop tests ^ the other for animal
tests. For a plot-size ratio of lOOj, the factor for crop tests is 3«2o
Now^ if the plot variability in the experimental plots is 13 percent
(for example^ page 13 )i) then--

Plot variability for = Plot variability in experiment {f)

extensive test (^)
Factor

= i5_
3=2

The plot variability thus obtained is the one to use in calculating
extensive-test error (Part III^ page 15).

A word of explanation will clarify the two sets of factors in table 11.

In crop tests ^ the plot variability does not decrease in proportion to

the size of the plots? as the size of the plots is increased^ more
variable ground is likely to be included. The variability between two
plots lying side by side is less than the variability between two plots
some distance apart, Thus^ the set of factors for field crops <, which
is the fourth root of the ratios shown in the first column^ takes into
consideration this increased variability of soil with increasing plot
size .9/ In animal tests ^ on the contrary^ this circumstance does not
apply; therefore^ the factors used are simply the square roots of the

ratios shown in the first column. The factors for animal tests can be

used also for any other tests in which increased "plot size" does not mean
a proportionate increase in the area of land per ploto

9/ An adaptation from "An Empirical Law Describing the Heterogeneity in

the Yields of Agriculture Crops ^" by H. Fairfield Smithy Jouro

Agric. Sci. 28(Part l)ol-23^ January I9380 In table 11^ an
average heterogeneity factor of 0.50 is used„
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Table 11. Factors to be used in determining the plot error
when the extensive-test plots are larger than
the experimental plots on which estimate of
variability was based.

Evtenaive-test "olot size

Experimental plot size

Factor for
crop tests i/

Factor foT

animal tests i.

1 1„0 1.0

2 1.2 1.4

5 1.3 1.7

k 1.4 2.0
:

5 1.5 2.2
1

1.6 2.4

8 1.7 2.8

10 1.8 3.2

20 2.1 4,5

50 2.3 5.5

40 2.5 6.3

50 i 2.7 7.1

100 3.2 10.0

l/ This factor is the fourth root of the number in the first
column: .^HT

, , etc.

2j This factor is the square root of the number in the first
column: ^ 1 } '\f~^ s s'^^"
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DETERMINIHG THE BEST SIZE OF PLOT

Most often you will not "be concerned with the best size of the plots
for an extensive test. Sometimes^ however^ it is necessary to limit
the size of the plots as much as possible o For example^ in a test of a
new insecticide^ you may not be able to get a sufficient quantity to
permit large plots in the testo The problem of best plot size arises
also when you are testing large things- -trees ^ fruits animals^ or
even people <. You may want^ then^ to use the smallest plot that you
can. In this section a procedure will be given to help you determine
the best number of individuals^ or units^ to have in a ploto

You recall from Part III of this Guide ^ page 15^ that the error for an
extensive test is the sum of several variability components <. But^ if
we have a small number of individuals in a plot, the variability of
these individuals also becomes important, and it;, too^ must be added
to the other variabilities in our error calculations o You will now
see how to do this

,

Firsts clearly designate the individuals^ or units ^ that you are
dealing with- -individual plants and trees, for example „ or short
lengths of row in field crops ^ single hills with several plants per
hill^ individual animals in cattle experiments^ small quadrats in
pasture and forage experiments^ students in a school, persons in a

family, or farmers in a community

»

Next, obtain an estimate of the variability of these units o The
value you seek is the variability among units receiving no experimental
treatment. The procedure you follow is the same as the one we have
discussed for determining plot variability except that now you are
dealing with differences between individuals instead of with differ-
ences between plots. The question you must answer is this? "If I

took 2 units per plot at random at a number of farms in the region,
what difference in yield would there be between them?" This question
may be answered by judgment (Part III, pages 15-1^) or from survey
data (see the section on plot variability in this Part, Methods 1

and 2, pages 3-7)-

This question may be answered also by experimental data, but then a

somewhat different procedure is used. To begin with, get measures of
individual 5 or unit, yields in the experiment as well as yields of the
whole plots. In table 5^ ^or instance, yields are given for the plots
as a whole, but these must now be supplemented with data for units.
Such data can be gathered by harvesting either every unit (plant, hill,
etc.) or just two units at j:andom in 20 or so of the plots » You will
probably do the latter since it is less work, and we will therefore
show this procedure in details
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Let us start with the experiment shown in table 5 and assume that each

plot contains 27 plants o Now, go into 20 of these plots and^, from each,

harvest 2 plants at random^ List the yield data as in table 12 » Get
the difference between each pair of plants and write the differences in

the last column of the table.

Now square each difference, add the squares, divide by 2 (the number of
plants per plot actually measured) and multiply by 27 (the total number
of plants per plot). This calculation gives the sum of squares for
plants in plots 2

^ 4. \ (1.01^ + 0.1^^ + ... + 0.21^)27
Sum of squares (plants in plots) = 2 —

= 57.7287

Next make the analysis of variance of data as it is shown in table 15 •

For plots p the values can be merely copied from the plot-variability
line in table 5» For plants within plots, insert values as follows:

Sum of squares = the sum of squares you have just now
computed.

Degrees of freedom = the number of differences listed
in table 12.

Mean square = the quotient resulting from dividing the
sum of squares by the degrees of freedom.

Square root of mean square = \] 2.89 > or 1,70.

Units = the number of plants in each plot.

Factor = the fourth root of the number of units, since this
is a crop test (see table 11, second column).

You have yet to enter the values of differences due to plots alone

^

which are as follows

:

Mean square - the difference between mean square for plots
and the mean square for plants in plots = 1^-9 - 2.89 = 12.0.

Square root of mean square = \/l2 \ or 5»^6.

Units = 1

Factor = the fourth root of the number of units (see table

11^ second column)

,
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Table 12. Yields of 2 plants selected at random from
a total of 27 plants in each of 20 plots
of the experiment shown in table 5*

Plot Plant 1 Plant 2 Difference

j

1 0.67 1.68 1.01

2 1.37 1.23 0.14

3 0.9^ 1.26 0.32

k 1.51 0.79 0.72
i

5 1.66 1.04 0.62

6 1,25 1.21 0.04

7 1.39 0.84
s

0.55

8 1.27 1.39 0.12

9 1,28 1.10 0.18

10 lo20 1.16 o.o4

11 1.19 1.07 0.12

12 1.28 1.19 0.09

15 1.00 1.43 0.43

li^ 1,76 1,03 0.73

1.11 1.50 0.39-

16 1.58 1.15 0.45

17 1.30 1.24 0.06

18 1.0k 0.51

19 1.21 1.90 0.69

20 0.99 0.78 0.21
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Table 23- Analysis of variance of data for 20 plots and for
2 plants within each plot, with 27 plants per
plot.

Source
of

variation

Sum.

of
squares

Degrees
of

freedom

Mean
square

Square root
of

mean square

Number
of

units
Factor

Plots 179 12 1^,9

Plants
within
plots 57-7287 20 2o89 1.70 27 2.28

Difference due to plots 12 oO 5A6 1 1.00
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The variabilities are obtained by multiplying the square roots of the
mean squares by the factors in the last column of table 15s

Plant variability = 1«70 x 2o28

= 5 = 88

Plot variability = 5A6 x 1.00

= 5.^6

These variability components are now to be expressed in percent

»

Simply multiply the variability by 100 and divide by the mean yield
for the check plots . This mean yield is obtained from table 5j) which
indicates the check plots as those receiving treatment B; divide the
total yield from these plots (252) by the number of plots (8). Then--

Plant variability in percent =
Plant variability x 100
Mean yield (check plots

)

5 088 X 100

29

= 15

Plot variability in percent = Plot variability x 100

Mean yield (check plots

^

5A6 X 100

29

= 11.91^

Now we are ready to deteriaine the error of the extensive testo You
do this by adding the variability components. You have just found the

components for plants and plots; let us assume values of h6 percent and
10 percent respectively for the location and treatment components in
order to illustrate the rest of the procedure. It is like the oue
shown in Part III^ page 15^ with the addition of the plant component
and the factor (F) for the number of plants per plot>, which you obtain
from table 11 o For Plan A use all four components (the various plans
are given in Part III^ in the Appendix):

Plant variability
Plot variability
Location variability = ^S^i
Treatment variability =

Total of the squares

= 15/F^; squared =

= 12^; squared =

squared =

squared -

(13/F)2
Ikk

2,116
100

(15/F)2 + 2, 560

Extensive-test error (15/f)2 + 2,560
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For Plans B to H. omit the location variabilj.tys

Plant variability = 15,/? squared = (15/f)2
Plot variability = 12^; squared = ikk

Treatment variability = lOji; squared = 100

Total of the squares (13/F]^ +

Extensive test error yT" (15/5)2 + 2kk

Now, set up table 1^ to aid in determining the best number of units per
ploto Record first the specifications of the extensive testo The first
column in table Ik indicates the plan. The second column lists various
numbers of units per plot^ a range from 2 to 40„ You can try whatever
numbers you are interested in. In column 5^ the units are transposed
into factors by referring to table 11 <> Since this is an experiment with
a crop., the factors in the second column of table 11 are usedo For
tests in which the plots are not units of land„ the factors in column 5
of table 11 would be used, Coliamn k is the plant variability (15 percent)
divided by the factors of colujmi 5" Column 5 is the square of column ^l-.

Column 6 is column 5 plus the remainder of the error shown at the head
of the tables 2^560 for plan A and 2kk for plans B to Ho Column 7 is the
square root of column 6; these values are the errors for the plans

o

Column 8 is the difference to be tested^ shown at the head of the table
as 50 percent p divided by the plan errors shown in column 7° In column
9 record from Part III, table 2^ the number of replications required for
the values in column 8o

Column 9 gives the answer you seek. For plan A note that the number of
replications required is rather large and does not decrease beyond 5
plants per ploto Hence ^ 5 plants per plot are ample if you desire to
keep the plots as small as possible

»

For plans B to H the number of replications required is much fewer

o

They decrease up to 10 plants per plot but not thereafter « You have
little to gain^ then;, by having more than 10 plants in a ploto

0n"e you have selected the minimum number of plants per plot--5 for
plan A, and 10 for plans B to H~=go back to Part III;, table 5= Enter
the corresponding number of replications in column k of that table

»

Then complete the rest of the summary in that table to determine the
total requirements of the extensive test with the stipulated number of
plants per plot

.
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