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Application of Statistics to Field Technique in Agriculture.

By Rao Bahadur M. Vaidyanathan, Mm.4.,1..71.,
Statistician, Imperial Council of Agriculiural Research, New Delhi.

INTRODUCTION.

APPLIC—ATION of statistics to field tech-

nique in agriculture is now assuming
an importance and a usefulness which cav be
compared only to the utility of a tool to
a mechanic or of an instrument to a surgeon.
Statistics 1s now an indispensable dissector
for an agricultural experimenter to judge
the results of his experiments, and the
modern agronomist cannot now for a moment
dispengse with the applications of 'modern
statistical theories for properly designing
his experiments and for a wvalid interpreta-
tion of his results. On these aspects of field
technique a co-ordinated research is neces-
sary as in every other science, and it seems
doubly so in the case of statistics applied
to agriculture owing to its varied applica-
tions and to the varying conditions under
which it i1s to be applied. The American
Society of Agronomy¥ 1s doing 1its best to
co-ordinate the statistical researches as applied
to agriculture, and the Agricultural Research
Couneil in England has been emphasising
the need for sound statistical treatments in
connection with field experiments. The
Imperial Council of Agricultural Research
in India is not slow to take to modern statisti-
cal ideas, and has been pleading for a correct
statistical technique in the casce of field
experiments in the Provinces and Indian
States.

It should, however, be mentioned that
statistics 18 onlv a means to an end, and
that its application to field technigue 1is
intended merely to provide standards for
comparisons of regults from experinients
conducted under known conditions. It 18
in no way intended to create an art by
itgelf and in no way meant to discourage
the experimenter from utilising his full
knowledge to his best advantage., Even
experiments which had not been designed
from the point of view of modern statistical
ideas could be gtudied and interpreted, but
it should be emphasiged that a proper design
for an experiment with a view to a valid
interpretation of results, would go a great
way in strengthening the hands of the
experimentalist, and giving him a c¢ourage
and a conviction in °° disentangling the
diverse factors that contribute to a joint
result’’, 'This is just what happens in the

study of results of an agricunltural experi-
ment, where a number of wvariations such
as 501l heterogeneity, varietal effeets and
manurial effects, operate jointly to produce
a single result of, what is known, as the
plot yield. Under old ideas, a high per-
centage difference in plot yields, say, of
two varieties under trial, is a sufficient
guarantee that omne variety is superior to
another, but according to modern ideas
while Aigh and low are purcly relative terms.
the significance of the difference ghould be
based upon a knowledge lLow far chance
had operated in bringing out that difference.
If the chance error is high, even a high differ-
ence—say 30 to 40 per cent. difference—may
not be significant.* This is the experience
met with in some of the recent results in
agricultural experiments in India, where it
was found that a high percentage difference
of even 319 per cent. between treatments was
found not significant. Thus a successful ex-
perimenter should try to bring down his ran-
dom error as low as possible; so that even
small differences between different factors
at work—say differences in vield of different
varicties—may on the basis of this error be
significant. But even morc important is
the validity of estimates of error. which can
be sectired only by a suitable design. 'The
validity of estimate of error depends partly
upon whether estimates of other variations
such as 801l heterogeneity in an &grféult.llral
experiment are properly eliminated frem
our accounts, and partly upon whether onr
sample of plot yields 1s a random samiple of
population. A proper design for an experi-
ment 18 thus the only panacea for ensuring
a valid interpretation of results. We have
now reached a stage in the progress of field
technique, when we could plan even a
complex experiment where & number of
interrelated factors can be simultaneously
studied, and significance deduced.

PRINCIPLES OF MODERN KXPERIMENTAL
DESIGN,

This takes us to the three broad criteria
for a satisfactory experimental degign, which
are now more or less accepted.  Firstly, as
geen already, the error of the experiment

¥ The exact connotation of sigmifcance is explained in
the subsequent paras.
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should be as low as possible giving a maxi-
mum precision for the experiment. This
can he secured only by a sufficient number
of replications. The need for replications
in a field trial i3 now easily recognised, as
the experimenter knows by experience that
this is the only way of eliminating from his
comparisons the effects of so1l variation
obtaining in the field. The second condition
for a satisfactory field lay-out 1s that the
error as estimated should he a valid estimate.
Old plans of lay-out and methods adopted
for estimating the error did not aim at
separating the portions of the differences
due to several causes, and hence led to aggre-
gates which were of only limited applica-
tion. For example, Mercer and Hall’s method
of basing the error of an experiment upon
plot variations of individual treatments
did not discriminate between the variations
due to several factors; so also Engledow
and Yule’s which did not take into account
the soil variation. Modern methods of field
experimentation are intended to remedyv this
defect. The ralidity of the estimate for error
can, however, be secured by a sufficient
number of replications, provided the plots
represent random samples of the experi-
mental area. As this condition is generally
not satisfied, what i1s known as randomisation
is now introduced in all field experiments
by which plots in each block (or row and
column) are randomised with respeet to
treatments under trial]. This ensuves, in
the lancguage of Fisher, that “‘the differences
utilised in the estimation of error (by which
differences between unlike plots are judged)
are properly representative of the other
errors which produce the actual errors of the
experiment’’. So long as we recognise that
2 correct interpretation of results depends
upon valid estimates for error, the best way
for securing such a valid estimate seems
to be only by arranging the plots at random.
Any systematic arrangement of plots cannot
gsecure an unbiassed estimate for error and
the old idea of having unhke plots as close as
possible deprives us of a useful method for
deriving a valid estimate for error. The
arguments against randomisation sometimes
advanced by agricultural workers are
discussed in the next para. The third
criterion is that the design should be such
that all soil differences could be eliminated
from the comparisons to he made and equally
well from the estimates of error which form
the very basis for judging “‘significance”. It
is found from experience that increasing
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the replications beyond 2 certain limit
cannot bring on an additional precision
for the experumment, which, therefore, limits
the number of replications. To secure the
object of eliminating soil differences, replica-
tion cannot therefore be a sole remedy,
and the modern plan is to limit the area of
the experimental field and to demarcate
it into “blocks’, or “rows and columns’’;
thus securing ‘“localisation of control”, by
which 1t 18 possible to eliminate soil differ-
ences by proper field arrangement, and to
increase the precision of the experiment,
without unduly increasing the number of
replications.

Yhese three broad criteria for a proper
design for a field experiment have led to
three broad concepts:—Replication, Ran-
domisaltion and Localisation of Conirol. Their
objects are, briely mentioned, to secure g
valid estimate of error bv means of a snit-
able design and an improved precision for
the experiment by taking into account all
possible variations such as soil heterogeneity
and varietal effects, and by eliminating them
from our caleulations of error.

RANDOMISATION—POSSIBLE QOBJECTIONS AND
How THEY ARE MET.

While randomisation seems thus theoreti-
cally a necessity, there has been an acute
controversy among the agricultural experi-
menters in India and elsewhere with regard
to the utilitv of the method. It would be
worthwhile at this stage to examine the
oblections raised against the method, and
see how they could be met. A common
objection raised is that the randomised
method does not show on the field to the
eye of an observer the relative differ-
ences between treatments; thus while an
arrangement A B C, A B C, in several blocks
systematically arranged might show the
relative differences of treatments, an ar-
rangement like ABC, ACB, CAB.......
could not show at a glance these differences.
But this is no argnment against randomisa-
tion, and besides there is a confusion in this
argument between a field ecxperiment and 2
demonsiration plot. While in the latter,
the results should be demonstrated to the
layman to appeal to his eyes, the former is
essentially the domain of an experimental-
ist—for him to ensure the results and to
satisfy, before they can be tried on a large
field scale for confirmation. There could be
no mistaking these two, and it is wrong to
presume that one is a substituté for another.
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The second argument usually advanced is
that mistakes are easily committed in =
randomised arrangement owing to untrained
labour., which are avoided in a systematic
arrangement. Thig is agaln no argvment
at all and the general experience is that
Indian Iabour, if properly trained even for
a short period of one season, picks up tLhe
details of even complicated plot arrange-
ments so quickiy, that it is unfair to advance
this point ag an argument against randomi-
sation. The third argument against ran-
domisation is that in several of the syste-
matic arrangements recently adopted in the
Indian farms, the standard error is found
to be very low—even at 3 per cent.—and that
therefore there is no need for changing the
plan. But then there is no guarantee that
this small error i8 a valid estimate of error,
which, a8 we have seep, is a fundamental
condition for a valid interpretation of results.
Experience has shown that correlations
between plots such as existing between high-
yielding and Iow-yielding plots are often
marked, and that they vitiate the results
sometimes very badly. Thus any systematic
arrapgement of treatments in a field experi-
ment seems to have no justification what-
soever. It is therefore seen that while the
arguments usually advanced against ran-
domisation are mainly from the point of view
of practical agricultural considerations, the
theoretical aspects of the problem have not
entered 1nto them. Randomisation in a
field experiment seems therefore a necessity
and it seems irrevocable till we can find a
substitute for it.

PRINCIPLES OF ANALYSES OF VARIANCE
ANTY CO-VARIANCE.

The whole statistical problem connected
with the lay-out of a field experiment thus
resolves Into the possibility of analysis of
total variation of plot-yields into those due
to the component factors, and the use to
which such an analysis can be put for tegting
the significance. Such a possibility pre-
supposges a suitable design for the experiment
—a design adapted to proper calculations
and valid separations of those variations. In
a. randomised block arrangement, for cxampile,
each plot-yield may be regarded as in.part
due to the particular block in whieh it is
gituated, as In part due to the partienlar
treatment and as in part due to a regidue on
account of what is called error.

The method of analysis of total variation
into component items in effected by what

2
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18 noy generally known as Figher’s “Analysis
of h The method of analysis of
variance has"Mme classic in the modern
theory of statistics, and it is now freely
applied not only to agricultural experiments
but to economic and biological studies where
a number of factors operate to produce =
joint result.

The principle of the analysis nf variance
a3 applied to data where only two factors
cause variation is brought out by the single
algebraic identity :—

Kn Kz .

12 (x—2)* = KZ(Z, — &)* Zl'(m — &)
T'he formula exemplifies the simple truth
that if Kn observations be gplit up into
% groups with K individuals in-each group,
then the {otal variation or what is known as
the * total sum of squares’ can be split up
into (1) the ‘sum of squares ’ due to devia-
tions of the means of the groups from the
general mean (multiplied by the number in
each group), and (2) ‘sum of squares’
due to variations of the individuals from the
means of groups to which they belong.
These two causes of variation are known as
due to ‘hetween classes’ and ° within
classes’. The two causes of variation are
independent, and any individnal z in the
pth group for example may bhe expressed
as T==g, + & - error, the error portion
being that left over after assuming the
efiects of the two independent causes. The
relative importance of the two variancest
measures the correlation, if any, in the
sample ; if the varianees are equal, the
correlation is .0, and if they are not we may
express the relationship in terms of r. If
the variance of ‘ between classes ’ is larger
than that due to ‘ within classes’, then the
intra-class correlation is -}-ve and if smaller
1t 18 —ve. Apart from finding the existence
of any correlation or otherwise in the gample
the analysis of the total wvariation into
component factors, as we shall see in the
subsequent para, provides us with a test of
sigmificance for homaogeneity or otherwige of
the sample, which is by far the most
Important use fo which ‘the analysis of
variance ' has been put.

Equation (1) can now be extended to the
case of three itemg of variation producing a
joint result. Thus in the case when Kn
individuals are split up into n groups with

¥ Variance i3 'the sam of sgvares’ divided by the

appropriate number of degrees of freedom or independent
estimates,
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K individuals in each group and with the
restriction say that the wvariation of the
rth individuals in the several groups is also
to be considered, then the identity be-
comes 1 —

K
2@ — 2= K@, — 2)" + n2(z, — )
1

-+ E(;'U — EP — Ez:,— —I—EEJ)E
This corresponds to the case of a randomised
bloek arrangement with n blocks, and K
plots in each block corresponding to K
treatments under trial. The last item cor-
responds to “error’ or “interaction’ between
the first two items of variations. The whole
analysis is easily seen to he a process of
fitting constants so that the error variance
is least ; that 1s to say, if the observed plot
yield y,.. (i.e., of uth block and »th treatment)
is considered to be the sum of different
effects such that v%,, = K + ¢, + b, + error
then by summing this for all the plots and
by applying the method of least squares for
minimising the error the best values for the
constants will be :—

K == general mean of all plot-vields.
t, = the treatment mean.
b, = the block mean.

The principle of “analysis of variance”
can now be extended to any number of
simultaneous classifications of difterent sets
of groups or classes. XNow defining an
n-fold eclassification as one containing #»
classes or groups into which a sample can be
analysed, & randomised hlock arrangement,
say with 4 treatments, is then a double four-
fold classification {double, because only two
items of variance blocks and treatments
enter into calculations); similarly a 4 X 4
Latin Square will be a triple four-fold classifi-
taen, and so on. It may be of interest to
mnobe, that in the types of designs which
we are dealing with {2.e., orthogonal; designs),
a8-one sct of effects does not alter the other
$£5s, the constants may be fitted in simul-
taneously or one after another, and the sum of
msjuares for the different effects will be the
game by elther process. Againso long as the
desiin is orthogonal, that is to say, so long as
the different items of variance can be esti-
mated separately and directly, the total
sum-ef squares will be equal to the total of
the sums of squares contributed by 1ndi-
vidual items. Thus in a Latin Sgnare
arrangement the variances of the different

ITExplanatTian of ‘orthogonal designs’ is given in this

and succeeding paras.
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items—rows, columns and treatments-—may
be separately calculated and their sums of
squares totalled up will be equal to the
total sum of squares.  The calculation
of the analysis of variance in cases of ortho-
gonal designs has heen simplified very much
recently, and the easiest method will be to
calculate for each item of variance—say
block variance in a randomised block
arrangement—the sum of the squares of
the totals of several blocks divided by
the number of plots in each block and to
subtract the correction T2/n (where T is the
total of the plot-yields and »n the number of
plots); and the correction will be the same
for all items of variance.

Just as the variation of 2 single variable «
could be separated into several items such
as those due to “hetween classes’” and

“within classes’’, similarly if pairs of observa-
tion of two correlated variables a and y
occur in groups, the co-variation of # and y
could bhe separated into different items.
Thus 1n an agricultural field experiment
involving blocks and treatments, the plot-
vields 1n any two years may be correlated,
and the co-variance may be analysed
into 1tems (1) blocks, (2) treatments and
(3) error. 'The co-variation of z and ¥ is
of course measured in terms of mean product,
just as variation is measured in terms of
mean square; b, the regression co-efficient,
1§ the ratio of the co-variance§ of «
and y to the wvariance of 2. To an
agricultural experimenter, the chief interest
in the “‘co-variance” lieg in its application
to the correction of plot-yields in a set of
plots 1p one year on the basis of vields in the
same set In the previous year or years. In
a field experiment, a knowledge of prelimi-
nary yilelds may help to know firstly how the
yields in the experimental year are affected
in relation to the preliminary vields and
secondly—which seems more important—
how the standard error of the experiment
changes. Assuming a linear regression of
y on z, where x 1is the preliminaryv yield
and y the experimental yield, any correction
to be made in the yields of any two plots
treated alike 1n the experimental year,
should obviously be based on the difference
in yields of those plots during the preliminary
period ; and assuming a linear regression
y = bz, b, the co-efficient of regression is
the ratio of “‘co-variance of error in xy

¢ The co-variance is the mean product of x and y
measured from their means,.
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analysis” to the ‘“‘variance of error’ in the
analysis of preliminary yields.
ing to note that the analysis of variance of
r and ¥, and the analysis of co-variance of
¢ and y follow the same procedure in the
matter of computation and thai from these
tables b’ 1s easily computated, and hence
the sum of squares of the adjusted yields from
the formuls; :—

(y — da)? =y — 2bpy 4 b2 The adjusted
yield itself is then y — b (z — ).

In experiments on perennial erops (such
a8 ‘ tea ’). a plan of lay-out is now adopted
of what 1s known as * equalisation of plot-
yields,” by which sets of plots in the several
blocks are so chosen that the sum total of
ylelds 1n the same set during the prelimi-
nary period 1s the same. This method of
lay-out combined with an assumption of
regression between the preliminary and the
experimental vields has given excellent
results in the reduction of the standard
error, and in the effective comparisons
between treatments. But in the case of a
few cxperiments on perennial crops con-
ducted in India the co-variance between
preliminary and experimental yields has
not given apy increased precigion for the
experiment. It should, however, be pointed
out that where treatments themaelveg have
produced differential effects during the pre-
liminary period, the method of co-variance
(or the assumption of regression of error
between the plot-yields during the preli-
minary and the experimmental periods) fails
to give a correct perspective for an altered
preciston for the experiment. Thig is 2
very important point to be borne in mind
in the application of the method for judging
the improved precision of experiments on
the bagis of preliminary trials. DBub where
the preliminary trial is an wnbiassed uniform-
ity trial (i.e., subject to the same or no
treatment), then the method can be freely
applied. -

OTHET APPLICATIONS OF THE MPETHOD OF
CO-VARIANCE.

It is possible to apply the method of co-
variance to other cases arigsing in agricultural
experiments, where accidental factors como
into play such as uneven germination and
ingect pest, the effects of which cannot be
measured. In such cases, we might, for
example, correlate the number of plants
with the eventual yields, and thus correct
for the differences in the plant number in
different plots by the method of co-variance.
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The germination count in different plots
will thus be a very important guide in
judging the effects of such accidental factors.
Another use to which the method of co-
variance can be usefully emploved in an
agricultural experiment is to know what
exactly the factor or factors connected with
the crop that influence the eventual yields.
This will be of great help to nnderstand the
different stages of plant growth leading to
the yield as the effect of treatments. Thus
in the case of cotton, if boll-count should
be the deciding factor, we might assume g
regression of the yield on boll-count: or
if the yield should depend upon the boll-
size that will be the factor to be correlated.
Ag another example, in the case of rice or
wheat, we know tillering’ is a very im-
portant factor influencing the vield, and
we might usetully study by the method of
co-variance its effects, at several stages of
plant growth, on the vyield. Thus the
method of “ co-variance ’ helps to study * the
mechanism ’ by which the treatments pro-
duce their eventual effects, Such intensive
studies have been undertaken in some of
the Indian farms but the results need to be
collated in a broader perspective.

('HOICE OF PROPER STATISTICS.

Once that the variations can be analysed
into their component factors on certain
valid assumptions, the problem turns out
to be one of the study of °significance’.
Stripped  of all technical language the
guestion is :—"" If with respect to a sample
the variance of one is larger than that due
to another, can we say that the wvariation
of the first 1s significantly higher than that
of the second?” In an agricultural experi-
ment to judge, say, the comparative per-
formances of varieties, what ig needed ig
firstly whether the variance dne to varieties
i3 significantly larger than that due to error,
go that we can say with confidence that our
experiment is a success; and secondly
whether on the basis of ‘ error * one variety
18 significantly superior to another. Both
these tests depend upon the exaet meaning
and implication we attach to the expression
‘ significance’.

The connotation of what is termed as
‘gignificance ' or ‘gignificant difference’
obviously depends upon what we can expeet
in the population of which our data are
sample,  Irom the statistic or statistics calr
culated from our sample, can we say that
1t 18 2 random sample of the original
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population ? In other words, a sample ol size
n is obgserved, and the prohlem is whether we
could say that the sample iz a random
gample of the original population. In case
the character of the population is known,
inferences with regard to the sample are
expressed in terms of mathematical proh-
ability., but where we should infer from the
sample onlv, the problem is firstly one of
estimation of the population and then the
probability of occurrence of the sample,
which, in the language of Fisher, is a func-
tion of the unknown parameters of the
population which we are trying to evaluate.
Fisher would call this function ULikelifood,
and his solution by “the methed of maxt-
mum likelihood” (explained later) would
provide efficient stafistics. In an agricultural
experiment n cannot be large and this adds to
the complexity of the problem. The main
difficulty, however, is to specify the popula-
tion in terms of the sample. If the character
of the population can be assumed,—such an
assumption is not always wvalid,—then it
is eagsier for us to verify by mathematical
procesges whether the sample 1s a random
sample. The specification of the population
is by means of parameters bhased upon
statistic or stafistics which are functions of
the variables. Thus we may specify a
population by y = a + bz 4 cx* and so on,
where a, b, ¢,........ depend upon the
gtatistics to be calculated from the obser-
vations. The choice of the mathematical
expression itself is largely intuitive, and y?
test (explained later) will show how far the
assumption is justified.

In the problem of estimation, however,
we shall have to assume the form of the
curve for the population with one or
more unknown parameters. Now then with
the sample valueg, the first requirement 1s
the choice of the statistics for an estimation
of the parametric functions of the population,
and the second is to calenlate the chance for
the sample being a random sample of the
population. While the first requirement
involves a suitable cholce of the statistic
or statistics,—for any number of such sta-
tistics will be available for estimating the
unknown parameters of the population,—
the second requirement is answercd by a
gtudyv of the mathematical law of distribution
of - the statistic or the parameter evolved out
of it, as it varies from sample to sample of a
constant size.. n, the size of the sample,
thus becomes a primary coungideration both
in the choice of the statistic or statistics and
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in the evaluation of distributions. Fisher
classifies all statistics into those consistent
and inconsistent, efficient and inefficient and
sufficient and insufficient. In estimating
parameters of the populatior, we could have
innumerable statistics from which to esti-
mate them, but the conditions for a proper
statistic are:— firsily, that it should tend to a
fixed value as the gize of the sample is con-
tinuonsly increased, or in other words, that it
should centre round a fixed value with errors
or deviations from it distributed in 2 normal
curve ; secondly, the particular statistic sc-
lected should give a very low variance in
large samples, t.e., lower than those of other
statistics which we could possibly think of,
and thwrdly, the statistic selected should be
examined for its sufficiency, that is, whether
1t can supply all information regarding the
sample, in which case, even if it does not
give a low variance, there is no need for the
calculation of other gtatistics. The firgt crite-
rion secures consistency, the second effictency
and the third sufficiency. Taking the Arith-
metic mean of a sample as an example of the
statistic from which to calculate the
parameters of the population, we know that
it is consisient, gince in large samples it is
distributed In a normal law. But its effi-
citency will depend upon whether other sta-
tigtics are not available also normally digtri-
buted as » 1s 1ncreased, but giving a lower
vartance for the purpose of estimating the
parameter of the population. Now since
the variance falls off inversely with =, the
condition for efficiency is that the limiting

1

value of -ﬁ‘f

of the estimation used. Thus if the original
curve be normal, the Arithmetic mean is
consistent and efficient in estimating a para-
meter of the curve, but its efficiency is lowered
when it 1s used to estimate say an exponen-
tial curve, where other statistics define the
parameter of the curve more accurately.
Again in small samples, the Arithmetic mean
18 sufficient to give complete information
of the sample, and though it may net be
efficient in the sense explained above, it
serves the purpose so far as it completely
summarises all possible and available infor-
mation from the sample.

Thus we shall have to choose from a
number of consistent efficient statistics the
most suitable one to deduce the best egtimates
of the parameters of the population. Fisher’s
method of maximum likelihood helps a

Z 1, where 7 is independent
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solution of the problem. If § be the un-
known vparameter of the population, the
method consists in multiplying the logar-
ithm of the expected frequency in each clags
Yy the observed number, and summing for all
the classes ; and solving for # such that the
sum is 2 maximum. Ag a simple example,
if @, b be observed numbers in two classes
so that a -+ b = n, with probabilities of
their occurrences say f(f) and 1 —f(#} respec-
tively, then the maximum likelihocd solution
will give & for which

alog f(6) + b log {1—f(8)} is amaximumn.
The positive solution for 6 secures a sta-
tistic with a low variance.

yZ, t, # TESTS OF BIGNIFICANCE.

From what has been said, what is needed
with respect to'a sample of n observations
(n not being large) 1s the deduction of valid
tests of significance, to know firstly whether
the sample 18 & random sample of a4 homo-
geneous population, and secondly whether
the means calculated from the sub-samples
differ sigmificantly on the basis of analysis
of wvariance. Dealing with ° variance’, it
18 probably legitireate to assume that the
original population is normal, in which case
the scheme of analysis of variance explained
already, combined with a knowledge of
distributions of the statistic or statistics
in random samples helps to arrive at proper
tests of significance. In the case of an
agricultural experiment, the procedure of
analysis into variances due to blocks, treat-
ments and errgr (or in the case of complex
experiments including all interactions of
higher orders) helps an understanding of
how begt the test could be applied.

There are three such tests now in vogue
which are easily explained. What 1s known
as y¥* test (or test of ‘goodness of fit’)
given by Karl Pearson in 1900 is intended
to test agreement between observation and
hypothesis where the variates are normally
distributed and mutually correlated. It ia
based upon the distribution :

df = K y* e tX?dy.
‘ Student ’ showed in 1908 that the same
law holds good in the case of the mean
square of a random sample drawn from a
normal population. x*® test has however
been found. not effective when cither the
method of fitting is inefficient, or when
negligible values are inecluded in the cells

" xzﬂzxzfm where - x is the _number observed, and
m the expected,

CURRENT SCIENCE

463

of the sample. But generally speaking,
the method has been found to be one of the
most powerful tools in modern statistics,
which ensures the very first step in all bio-
logical studies for verifying observation
with any assumed hypothesis. But there
is some misunderstanding with regard to the
full utility of »® test which seems to have
arigen from the confusion somefimes caused
in the two independent statements :—

(1) A sample does not differ significantly

from an assumed population f{x).
(2) A samnple is most likely to be a sample
of & population f(x).

While (1) can be tested by 2 method, it
does not however follow from (1) that (2)
18 true. There might be any number of
populations of which the given sample could
have been extracted, all satisfying the »* test
at the same or particular levels of significance,
but only those giving low wvariances are
to be preferred. In other words, y* method
15 useful only to this extent, that 1t can
safely be employed to test whether the given
ohservations agree with an assumed law or
not, but not to test the reverse that the
original population ghould be the one
assimed. Thus, for example, it can -be
employed to test, in genefics, whether
there 1§ agreement between observations
and Mendelian class frequencies, or in biology
independence in a four-fold or an =-fold
clagsification assuming the marginal totals to
be true. But in either case, uniess fresh
evidence is adduced, the complete identity of
the sample cannot be assured.

‘t’ and ‘2’ Tests.—The two other tests ‘4" and
‘. have now become very popular with the
agricultural experimenter. In fact, no experi-
menter now-a-days takes the trouble of
enquiring whether conditions necessary for
the applications of these tests are fully
satisfied ; but it 183 however found that
even when those conditions are nol com-
pletely satisfied, they can safely be employed
for festing ‘ significance ’. What 38 known as
‘1’ test is to test whether the observed 17

: mean
from a sample, 2.¢., ('6. T of mgﬁ)follows the

distribution of ‘ {’ from all possible random
gamples of size n (for varying values of n).
s student ’ gave his distribution of “1’ in
1908, in his clagsical paper * the probable
error of the mean ', The utility of Student'’s
distribution iz now scen in almost every
kind of problem where the gignificance of
any statistic in terms of its stapdard eproy
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has to be tested. ‘i’ tables have been
constructed (e.g., Fisher’s tables) based upon
theoretical digtributions, giving the proba-
bility or odds for or against deviations from
the observed ‘i’ occurring due to chance
from which the significance could be judged.
The theoretical distribution of ‘t’, as in
the case of those of other statigtics, is based
on the agsumption that the original popula-
tion 13 normally distributed, and that a
random sample of gize »n is drawn from it
80 that the chance of (x,, 2,.., 2,) in the
interval (dry, dx,.., dz,) is given by :—

—& o Ty — Dapy i
df = Ke f( . )da:l,dmz.., de,,

(where m and o relate to the population).
By a suitable transformation, the distribu-
tion of s {i.e.,, that of ‘the wvariance’ of
the sample calculated from the expression

1

—_ 2
2 (Sﬂ-y—fs) i3 deduced, and similarly

n—1 |
that of 'I’. We have after transformation :—
—nlx — m)2 — (n— 1)s°
df=K'e 2°° ¢ 202  on2gads

showing that # and s are independent, so
that the distribution of § ig:—

-8 — N1\ o2 /D2
df= K (&S-) o\ J827ds

o

It can be shown that the mean value of s2
from all possible samples is o showing that s
i8 an unbiassed estimate for ¢ and that by
the method of maximume-likelihood the
best estimate for-o is s (i.e., giving the
smallest sampling variance). But be it
noted that s? 1s calculated with (n - 1) as
divisor in place of = to give an unhiassed
estimate for ¢% which is necessary for the
simple reason that we are estimating both
the mean and the standard error from the
game sample, both deviating from their
true values.

What is known as Fisher's ‘Z° test is
more comprehensive (¢ test, as we shall see,
is only a special case of “Z’ test) and is
intendrd to test whether the given sample
is a random sample of a normal population.
Fisher's ° Analysis of Variance’ combined
with the °Z ° test are now a landmark in
the theorv and practice of statisties applied
to agricultural field technique, The princi-
ple of ‘7~ test 18 thiz :—When the total
sim of sguares is split up into different
stums due to a number of items, the variance
of each item (i.e., the sum of rquares di-
vided by the appropniate degrecs of free-
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dom) should be an wunbiassed estimate of o
of the population. If s, and s, are two such
estimates of samples of a normal popula-
tion derived respectively from =, and n,
degrees of freedom, the distribution of

Z(: '%' logﬂ’ S]_ XSE)

for varying values of n, and n, is an efficient
statigtic, and should help in judging whether
our sample is a random gample of a normal
population. What are known as ‘Z’ tables, at
5%,* and 19%,* levels have been congtructed
by Fisher on the basis of the distribution of
Z, for varying =, and n,. The distribution
of * 7’ is based upon the distribution of e,
and s,, and is given by :—

?II o

e —

o n, -+ N
2,”’12 ,nzﬂ T( 12{' 2)

df = --
()

X

$; and s, should not appreciably differ if
they relate t0 a random sample of a homo-
geneous normal population, but if thev do.
it will be indicated by a low value of P,
and the sample cannot then be a random
one. It may be pointed out that the ‘1’
test 1s only a special cagse of ‘7’ test, since
for n;=1 and n,= n, Z = % log, 2= log, t.
Thus 1f we take any value of ‘4’ from ‘¥
table for »n, log, t will be the same as ‘Z’ from
“Z° table for ny=1, and ny=n.

In an agricultural experiment where the
total variance ig gplit up into variances, say,
due to blocks, treatments, and error,
denofed respectively by s, s, and s,, then
if 3 log, s;/s3 1s greater than ‘Z° from the
tables, at any level gignificance, {59 or 19,
level is by convention the usual level taken),
we infer that the soil is heterogeneous ;
if 1 log, /s, iz similarly greater than the
theoretical ' 7 °, the general effect of treat-
ments 1y significant. In either case, how-
ever, the sample cannot be a random sample
from a homogeneous normal population.
The success or failure of an experiment will
depend upoun the later eriterion, i.e., whether
the variance due to treatments Iis signi-
ficantly greater than that due to ‘ error o4
if 1t 13 not greater, then the °error’ pre-
ponderates and no inference 18 possible from
the experiment. From the *Z° test we

* 5 per cent. level=chance } in 20 ; 1 per cent. lgugl=
chance [ in 100,
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proceed to compare the treatment-means
by ‘v test on the Dbasis of the regidual
error. If s be the standard deviation per
plot and » the number of replications, s,/
is the standard error of treatment-mean
and 4/2s/4/n is the standard error of differ-

ence of two means; this multiplied by
“t’ from the tables (at 5%, or 19 level

of significance) will be the critical difference
between the means; 1f the difference
between any two f{reatment-means ex-
ceeds this eritical difference the difference
between treatments 1g taken ta be significant.

Doubts have been raised off and on,
both by statisticians and agronomists,
firstly about the validity of ‘ Z ’ test on the
score that the original distribution may or
may not be normal for which in any case
there ig no evidenco ; and secondly, whether,
after establishing that the sample is %ol a
random sample from g homogeneous normal
population by the "7’ test, we are justified
in accepting the estimates of variances as
valid estimates. The first objection is
equally applicable to distributions of other
statistics also, such as s and 7, and our
justification 1s that an agsumpfion of a
homogeneous normal distribution for the
original population is sufficiently wvalid for
all practical purposes, and that any de-
parture from normality does not sufficiently
impress upon onur final form. With regard
to the second point, it can be easily proved
that the validity of the estimate for °error’
is mni affected by any change in our hypo-
thesis and that only the variances due to
other factors are affected. Buf though
this may be f{rue, the adequacy of * 7' and
“t{’ tests is still there, and it is not in any
way vitiated by the change in vari-
ances under ‘blocks’ or ' treatments.” It
should he remembered that our analysis of
variance procednre is not intended s0 much
to estimate the variances, as to provide
adequate tesis of significance.

EXPERIMENTAL DESIGNS—MISSING PILOT
TECHNIQUF.

Enough has been gaid to show that for a
valid interpretation of results in a field trial
a guitable degirn (combined with a proper
method of analysis of the results) is abso-
Intely and fundamentally necessary. Such
degigns may be classified into orthogonal
and non-orthogonal. Ixamples of orthogonal
types are the usual randomised block method
and the Latin Square arrangement of plots
where it i3 possible to estimate s@amteﬂly
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and diwrectly the different items of variance ;
in guch cases, the mean yield of all the
plots receiving the same treatment, or the
mean yicld of block totals provides the best
estimate for the treatment or block effects.
It is thus possible in a randomised block
arrangement to estimate from the treatment
means the treatment effects, from the bloek
means the block effects and so on, without
either of them affecting the rest in the even-
tual calculations. In any such design, increase
in fertility in one block affects all treatments
alike, and conversely the effeet of a parti-
cular treatment influences the yields of all
the blocks ; blocks and treatments are thus
mutuaily orthogonal. Fisher's procedure of
Analysis of Variance is particularly adapted
tn orthogonal types of experiments, though
the procedure of analysis of wvariance in
all cases is only an application of fitting
constants which is the general method of
analysis in dealing with all designs including
even non-orthogonal types. Cages oi non-
orthogonal types are however unavoidable
even in experiments of what are known as
stmple types, t.e., with only one set of
factors under trial—say a few varieties to be
tested. 1t 1s, for example, quite an ordi-
nary occurrence to see a few experimental
plots spoiled by accident such ag insect pesgt
and flood go that the intrinsic yields of these
plots are not known, or again for lack of
knowledge of the initial fertility of the plots
to get differences in treatment yields very
much pronounced. In a recenf case of an
experiment which came to the notice of the
guthor, not only was the design faulty as
both the plot size and block size were
abnormal with an insufficient number of
replications, but also some plots were found
to give abnormal yields., The orthogonality
of the design in such cases is so much dig-
turbed, that either the whole experiment
shonld he digearded, or mathematical de-
vices employed to correet for the abnorma-
litteg. In such cases the usnal method of
analysis of variance ghould be moditied to
suit cach partienlar case,

In cage whoere only one or two plots are
“missing ', the usual procedure of the Ana-
lysig of Variance canily helps to caleulate the
best virlues for the missing plots. Thus if
x, y be the " missing * values, we have ooly to
caleulate algebraically, * the error variance’
by the usual method of analysis  (which
will involve 2 and y), and to minimise the
variance by differentiating it with respect

to z and y, hy equating the two diflepentinged
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functions to zero, and by solving the equa-
tions for # and ¥ to obtain the missing
values. The process is the same as fitting
constants to give a minimum variance to
“error . The prineple may be extended to
the case of any number of missing plots,
but it is not advisable to carry the process
to more than 2 or 3 missing plots. There
are, however, two points to be noted in such
an analysis :—Firstly, the number of degrees
of freedom for ‘error’ will be the usual
namber less the number of ‘ miisaing ’ plots,
for the simnle reason that wvalues of con-
stants have been derived from the known
plots only. Secoundly, ‘ the treatment va-
riance ' obtained after substituting the miss-
mg values 1s bound to be less—though only
slightly ordinarily—than usual, and thus the
application of any missing plot formula will
show an exaggerated accuracy for the
treatiment averages. In such cases, a correc-
tion has to be applied which will depend
upon the analysis of the original values,
with ° the error’ portion deduced from the
calenlated values.

CoMPLEX EXPERIMENTS—CONFOUNDING.

It is the glory of the recent developments
of statistics, that modern field technique
almg at testing any number of inter-related
factors simultanegusly. Thug 'In the same
experiment of a cultivation trial, sowing
date, spacing of plants and age of seedling
may all be tried together, instead of having
three separate experiments with one for
each of the factors. Tlis wonld not only
economise time, space, and c¢nergy, but
would also aim at the truth more accurately
than what an experiment with only a single
factor could do. In fact, where a number
of deliberate factors influence a result, such
as sowing, spacing and age of seedling would
with respect to the vield, it seems futile to
try e¢ach of the {factors separately. The
only satistactory method is a complex Jay-
out involving all the factors with a suitable
planning. Such complex experiments may
alwavs be arthogornal, that is, if for example
3 sowing dates, 4 spacings and 3 ages of
geedling should be tegted, 3 x4 X 3 = 36
treatments may all be completely randomised
in the same block, with say 4 or 5 replica-
tions. This 1s an 1deal method for such
trials, and is analogous to a simple experi-
ment which we have dealt with already,
except for a change in the items to be
considered in the eventual analysis of
variance ; in such cases not only should we
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congider the main effects but also the inter-
actions between the several factors which may
1In some cases be appreciable, Thus, in the
particular example which we are considering,
the different items of variance will be (1)
sowing dates, (2) spacings, (3) ages, (4) to (6)
interaction between sowing and spacing,
that between spacing and age and s0 on,
(V) second order interaction between all these
factors, and (8) error. The method of calcu-
lation of the several varianceg is the usual
procedure and for arithmetical calculations
for working out the interactions, say that due
to sowing and spacing involving 12 ultimate
treatments, the variance of these 12 freat-
ments minus that due to sowing minus that
due to spacing will give the interaction re-
quired. This procedure is, as noted already,
the same as fitting constants to represent
the several effects and deduecing them by the
method of least squares.

But difficulties in the conduet of orthogonal
complex experiments are experienced fo
be :~—(1) the agricultural difficulties in the
arrangement of diverse factors in &
single lJay-out; for example, where ditferential
irrigation 18 involved, it  brings on
tateral geepage from plot to plot; (2) the
huge extent of land needed for the experi-
ment, which the experimenter usually finds
difficult to gsecure. In either case, the
remedy is found to be to ‘ confound’ the
effects by a delhiberate plan, and to alter
snitably the usual methods of analysis;
such a process of ° confounding’ will not
only economise labour and spaee but will
provide, as Figher has shown, very efficient
tests of significance.

We will congsider here two simple methods
of ‘confounding’ which may be usefully
adopted by the agricultural experimenter
in India. Take the case of an experiment
involving two treatments, represented by
types A and B, with n; and n, numbers
respectively in each class, so that there are
n, X Ny ultimate treatments. A type of lay-
out which meets the first difticulty is to have
n,; sub-blocks in each block, and to have ng
plots in each sub-block ; the n,, A-treat-
ments, and 7, B-treatments corresponding
to each of n; A-treatments, being separately
randomiged, Thisis a case of ‘confounding’
the main effects with a partial randomisation
only, and the Analysis of Varance should
separate the error of the .A-freatments
from that of B-treatments as showp
below j—
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A-TREATMENTS,
Degrees of Freedom

Blocks (K — 1)
A-treatmenty ny — 1
Error (A) Kny-K-n, )

B-TREATMENTS,

Degrecs of Freedom
From Blocks and }
A—treatments Kny —1
From B-treatments cr Mg — 1
Interaction between A & B {n, —1)(n; —1)

EI‘[‘OI‘r (B) « AK —1) {(ning—ny)

Grand Total :— Knyng —1

The defect, in this method of lay-out however
iz that the two errors A and D cannot be
consistent in the sense, that while A-error
is derived from fairly big plots, B-error is
deduced from contiguouslv small-sized plots
which would therefore bhe small. The
efficiency of the experiment is thus disturbed,
but for all practical purposes the Iay-out
may be considered gatisfactorv so long es
block size 1s not unduly large.

(2) A sgecond method of confounding
which may be usefully adopted meets the
second difficulty. Instead of having all the
ultimate treatments in the same block, a
complete replication may be gsacrificed in
such a way that each block mayv be divided
into sub-blocks and sub-block differences
may be confounded with higher-order inter-
actions (such as sowlng date X gpacing X
secdling age), and eventually allowing for the
copfounding in the analysis of variance.
This iz on the agsumption that higher order
Interactions are small as compared to the
experimental errors, and that instead of
adequate replication which provides the basis
for error, these interactiong may he subsati-
tuted.  Thrs a block containing the treat-
ments #, p, k, np, vk, pk, npk and ¢ (control)
may be split up into

N k

P npk
ni n
pk %

s0 that second-order interactions are con-
founded with sub-block differences. In the
eaze of thogaitems which are not ¢onfounded,
{.. which are orthogonal to one another,the
usu il procedure of computing the sum of
squares willbe followed but in the case of thosa
confounded, the general method is filling

3
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constants to represent thoge items and cal-
culating the sum of squares due to fitting.
But where the design permits to take account,
of block differences which confonnd the inter-
actions, it 18 easier to compensate for such
differences, eventuaily leaving the con-
founded degrees of freedom orthogonal with
the blocks and algo with all the other treat-
ments. Designs of particular types alone
will answer these conditions and here it is,
where confounding is resorted to, a clear
idea of the plan and the procedure of analysig
18 necessary; otherwise the experimenter
will be landing himself in extreme difficulties
in the matter of analvsis,

In India for field experiments non-ortho-
gonal designs are slowly coming in, in
different forms, and regearch is necessary to
explore the full possibilities of such designs
with correct methods of analysis. Here
indeed the Statistician has his part to play,
as mdeed on so many other matters con-
nected with the field plot technigue.

EXPERIMENTS ON PLOT-TECHNIQUE IN INDIA.

From the Indjan experimental data avail-
able so far, it is apparent that there has heen a
lack of uniformity in the condwvet of field
experiments in the gseveral Provinces and
States. Not only are the field experiments
sometimes not properly planned, but also
they are not carried through for a sufficient
number of years fo allow for a reagsonable
weather sampling. The various factors gov-
erning the error of an cxperiment—szuch as
the plan of the experiment (e.q., whether it
should be of randomiged block tvpe, or aparti-
cutar Latim Square type), or what should
be the suitable plot size and #dlock size and
the border effect—ghould be fully examined
under Indian conditions. Fxperiments to
decide thege factors are in progress in some
of the farms, but the resnlts have not been
collated to be of much guidance. The use-
fulness of complex experiments should be
fully explored; so also of confounded ex-
periments which wiil not only economige
labour and fime but will provide very cffi-
cient tests of gignificance,  “Sampling tech.
nique” ¢, methods of taking samples from
experimental plots sneh as for phvaiologieal
study, have not been studied yet withdifferent
crops.  Agian, in the case of manuwrial ex-
pernments particularly, we should know the
resitdual and acenmnlated effeets of manures
for which special planning for experiments
18 necesyary, What are known as " Per.
manent Manurial Fsperiments’” ghould be

F
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suitably planned if the results should be of
any value.

Enough has been said to show that India
shonld evolve her own methods both in the
matter of planning, and in the conduct of
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agricultural field experiments. A co-
ordinating agency is of course necessary,
and there is ample scope for mutual
fellowship between the statistician and the
agricultural experimenter.

—

The Antianamic Principle of Liver.

By H. B. Sreerangachar, M.8c., A.I.L.8¢.,, and M. Sreenivasaya, B.A., F.I.I.SC,
Departiment of Biochemistry, Indian Institute of Science, Bangalore,

’I‘HE use of liver in the treatment of perni-
| cions anamia constitutes a striking
therapeutic advance of great importance.
The ideax must have first originated from
Whipple and Robschiet Robbins*who in their
search for blood regenerative foodstuffs
found that of all the substances they investi-
gated, liver was most potent as a hsemo-
potetic material. This discovery led Minot
and Murphyv® 1in 1926 to make a clinical trial
on pernicious anamia patients and as a result
of their classical researches they obtained a
remmarkable improvement in the blood pleture
of the treated patients. Since then, there
have been a number of invegtigations sup-
porting their regimen and now we can com-
pletely restore the anxmic patients to normal
health by administration of liver.:

ETIOLOGY OF PERNICIOUS ANAEMIA,

Although the results of Minot and Murphy
made 1t a logical conclusion that peranicious
ansemiais adisease due to a dietary deficiency,
there were also other theories prevalent to
explain its cause. The aceumulation of toxing
in the body, the infectious disorders in the
intestinal flora and the absence of the anti-
hemolytic substance were individually sug-
gested as the causative factors. The exact
etiological significance of the defective gas-
tric secretion was first suggested by Fenwick?
in 1880 and has, since then, been supported
by other investigators. Goldhammmert® has
shown that gastric secretion is proportional
to the red blood cells and in pernicious
an®mia there i1s & sub-normal amount of
gastric secretion also characterised by com-

1 Whipple. G. H., and Robschiet Robbins, F. S,
Amer. [, Prysici., 1925, 72, 395.

2 Minot, G. R., and Murphy, W. V., /. Awmer, Med.
Assoc., 1926, 87, 470 ; 1927, 89, 759,

3 Fenwick, S., "“On Atrophy of the stomach and on
the nervous affections of the digestive organs.’ J, & A,
Churchhill, London, 1880.

* Goldhammer, S. M., Pro;. Soc. Lxpt, Biol, Med
1935, 32, 476.

plete anacidity. Castle and his coworkergs$
have shown conclusively that the stomach of
anormal human being secretes some enzymie
principle which, when allowed to react in vivo
or un vitro with some substance preseot in the
animal proteins of the food, produces the
necessary antianemic factor. The non-occur-
rence of thisreaction in the body is believed
to be a defect in the gastric digestion leading
to perniciois an®mia. The seeretory product
is called the intrinsic factor and the sub-
stance derived from the food the extrinsgic
factor. The specific antian®mic principle thus
produced is stored in liver from which it is
elaborated as required by the bone marrow
to produce the normal quota of ervthroevtes.

The site and the mode of interaction of

these two factors are not known. Their
chemical nature 18 also obscure. The intrinsic
factor is believed to be unrelated to either
hydrochloric acid, pepsin, rennin or lipase,
Klein and Wilkinson’ have studied this in-
tringic factor in considerable detail and have
named itenzyme “hemopoietin’’, Tike most of
the enzymes it 13 destroyed by heat. Griffith®
has observed that itg action is confined to
P.3.-5-5-5. The food factor is, on the other
hand, thermostable and is found to he present
in beef-muscle, autolysed yeast, rice polish-
ings, eggs and liver. It is not identifiable
with any portion of vitamin B complex.919

rollowing the earlier papers of Castle and
his coworkers. Sergius and Tsaae,! and Wil-
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