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Principles and Practice of Field Experimentation.®

A VERY useful publication by the well-

known statistical experts Drs. Wishart
and Sanders which will prove very helpful in
clearing up many a difficulty with which the
agricultural experimenter is confronted has
recently appeared. The earlier statistical
publications by the same publishers are now
out of date, and the present one shows in
a nutshell all recent improvements in field
technique. Very few agricultural experi-
menters in India are in a position to under-
stand critically Dr. Fisher’s book Statistical
Methods for  Research  Workers, though
Dr. Fisher’s methods of field technique are
now being rigidly followed, in every farm in
India and his ideas of randomisation and
replication, and the mathematical concept of
‘Analysis of Variance’ have now become classi-
cal in the theory of fleld experimentation.
Technical Communication No. 10 of Imperial
Bureau of Soil Science—1930 (The Arrange-
ment of Field Experiments and the Statistical
Reduction of the Results by Fisher and
Wishart) which is very popular now, clarified
to a considerable extent most of Tisher’s
ideas, though the experimenter still felt that
there were a few fundamental points on
which the authors had not given a clear
guidance to him.

Taking Part II first, of the publication
under review, it attempts to answer most of
the praectical questions facing an experi-
menter. The authors have made however
clear even at the outset, that Statistics is
only a means to an end and that undue promi-
nence should not be given to it in preference
to botanical or chemical techniques which
might require his greater attention. This
18 indeed a very useful warning, as in India
too, there seems to be a tendency to exagger-
ate the usefulness of ‘statistics’ in field tech-
nique at the sacrifice of other important
scientific considerations that should govern
an experiment. But the part which ‘statis-
tics’ plays cannot be denied both in the matter
of the design of the experiment to answer
specific problems, and in eventually reducing
the results to a form from which valid coneclu-
sions could be deduced. The modern field
technique, besides, is a considerable improve-
ment over old methods, in that what are
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known as ‘Complex Experiments’ which
involve a number of factors at a time such
as several varieties and manures, are now
becoming very popular.

The conduct of an experiment, if the data
should be capable of satisfactory interpreta-
tion, involves a number of preliminary
considerations which the authors have so
lucidly set forth; firstly a suitable site for
the experiment is a necessity ; which should
be uniform in surface soil, sub-soil and drain-
age, and with a history fairly known, which
will be a guide for minimising the effects
of patches in all possible ways. But such
‘a uniform piece of land’ is almost impossible,
and the statistical device is to carry out a
uniformity trial in the year or years previous
to the experiment, and to correct the vield
of a plot in the experimental year on the
basis of the preliminary yield (by what i3
known as ‘Covariance’ method referred to
again in a subsequent para). But unless the
covariance or correlation between the prelimi-
nary and experimental yields in individuail
plots is high enough, which will lead to a
large reduction of error, the un qfonmt y trial
loses its significance ; and this is what has
been found to be the case in experiments on
annual crops where the correlation was found
to be low. But in the case of perennial
crops like ‘tea’, the method of covariance
has yielded very valuable results.

The soil type of the farm should, of course,
be representative of the country where the
results of the experiment have to be applied
in wider practice, and the experiment itself
should include ‘an established variety or
method of cultivation’to act asthe standard.
Since the results of a single experiment
are for one year only, it seems necessary
before any practical recommendations are
made with regard to their wider utility, that
the experiment should be continued for at
least three years to allow for weather sampl-
ing, and at as many centres as possible.
Where such series of experiments are statis-
tically combined for analysis (which would
allow sufficient degrees of freedom for error),
it should be noted that the size and shape of
experimental plot should be kept constant,
though the actual randomisation of plots
should be done separately for each experi-
ment.

The authors have rightly pointed out
that a mere significant difference in the
matter of yield is not sufficient to introduce
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a new variety, for on one hand there iz the
question of economics, as even a 10 %, increase
may not be an economic advantage, and on
the other hand there is the question of quality.
There is however the difficulty of assessing
the quality of crops, which as in the case of
pasture, becomes complicated, as it depends
both upon nufritive value and botanical
composition. With cereals, ability to stand
iy an important consideration, as well as
earliness. These. are some of the points
which should weigh with the experimenter
before a definite variety is decided upon for
extension. It seems therefore necessary
from the point of view of deduction of proper
results that experimental plots should also be
accompanied by observation plots. The ob-
servation plots are generally used at the first
stage of the enquiry for trying any number of
new varieties, and eliminating as many as
possible for the final experiment, but they
serve much more useful purpose throughout
the different stages of the enquiry, as large
plots will be necessary to wateh the standing
ability of plants, their fillering capacity and
effects of spacing, and so on. It is advisable
to have such observation plots as close as
possible to the experimental field.

SIZE, SHAPE AND ARRANGEMENT OF
EXPERIMENTAL PLoTS.

Every experimenter knows that dealing
rith small plots, their size, shape and arrange-
tent influence the standard error of the
xxperiment. But so far, we in India have not

definitely deduced what these should be for
several crops grown under different conditions
and for different types of experiment. These
questions could however he solved only by
special experiments designed for the purpose.
But the authors have given some very useful
tips which are worth noting. The uni-
formity trials in other countries show gene-
rally—these are corroborated by frials iu
India as well—that standard error goes down
as the plot size increases to 1/40 acre, and
that error goes up as we still further inecreage
the size. But as a sufficient number of
replications is necessary for ensuring validity
for error, it is recommended that we may
have even smaller plots than 1/10 acre, and
increase the number of replications. Larger
plots too could sometimes be preferred, if they
could improve the convenience of agricultural
operations.
With regard to plot-shape, the square plot
has the advantage of minimising the edge
cileets (as in the case of cereals, lodging is g

serious matter), while oblong plots may be
helpful to take detailed growth observations
by facilitating easy access to any part of
the plot. In cultivation experiments it seems
imperative to have long narrow plots, so also
in the case of all experiments where plots
should be separately drilled. Long narrow
plots are, generally speaking, found to give
lower standard error than square plots ; and
it is particularly so in slopy areas with long
sides of the plot running up the slope.

A further point which is of considerable
moment to the experimenter is whether the
Latin Square or randomised block arrange-
ment should be preferred. Both the methods
have advantages and disadvantages, and the
type of experiment to be conducted seems to
be the deciding factor in preferring the choice.
While the Latin Square has the advantage of
eliminating soil fertility in two directions,
and is convenient for small dibbled plots,
it has the disadvantage that the number of
treatments or replications cannot exceed
7 or 8, as it will otherwise cover a large space
and reduce the efficiency of the experiment ;
nor can the treatments be less than 3 or 4
owing to the number of degrees of freedom
being very small. One other point—which
the authors have not touched—is that in the
case of irrigation or manurial experiments the
lateral seepage of water is a great disturbing
factor, particularly so in the case of a Latin
Square arrangement.

But with regard to ‘randomised blocks
design’, its flexibility is its supreme merit ;
there is no theoretical restriction to the
number of treatments (though there should
be a limit to the block size and hence to the
number of treatments which should not
normally exceed 10) ; and above all the ran-
domised block method can be fitted even to
an awkward-shaped field. TFor cultivation
experiments, and drilling trials this method
is admirably fitted, and the accessibility to
each plot which the arrangement permits is
indeed a great advantage. Towever, how
far either method reduces the error has not
been fully explored, and here the experi-
menter in India has ample scope for research.

But where the number of treatments is to
be unduly large, what are known as ‘con-
founded experiments’ are now being adopted
and the authors have not entered into a
discussion of these very wuseful designs,
except a reference to what are known as
‘split-plot designs’, which are now being
largely used in India for irrigation and
manurial experiments.






