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1. INTRODUCTION

THE need for carrying out fertiliser trials in cultivators’ fields under
actual farming conditions so as to provide a sound basis for making
practical recommendations on fertilizer use, is now well recognised.
The planning and analysis of such experiments involves a synthesis
of some of the basic techniques of experimental design and sample
surveys. The main restriction in the designing of such experiments
is the fact that in a given cultivator’s field not more than 5 or 6 plots
should be laid out.

Simple fertilizer trials on randomly selected sites with an unrepli-
cated 3-plot experiment at each site superimposed on the normal prac-
tice of the cultivator were conducted in some parts of India on the basis
of the recommendations made by Stewart! in his report on soil fertility
investigations in India. It was soon realised that the scope of these
experiments for providing information on fertilizer use could be consi-
derably enlarged by increasing the number of plots from 3 to 5 or 6.
Experience gained on the basis of large-scale experiments conducted

“in cultivators’ fields by H. N. Mukherjee in Bihar showed that the
number of plots could be increased to this extent without impairing
the efficiency of such types of experimental programmes.

* Parts of this paper were presented at the annual meetings of the Indian Scciety
of Agricultural Statistics held at New Delhi in 1956.
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Five and six plots experiments designed to provide information
on a number of aspects of fertilizer use such as optimum dose and rela-
tive efficiency of different sources of the same fertilizer were planned
“at the Indian Council of Agricultural Research and conducted in a
large number of Community Project centres under a.scheme jointly
sponsored by the Government of India and U.S. Technical
Co-operation Mission (T.C.M.).” Certain new ideas of symmetry and
balance on the analogy of incomplete block designs were introduced
into the planning of such experiments by Yates and Finney during
1953 when they were working as F.A.O. experts with the Indian Council
of Agricultural Research. A detailed account of these experiments
as well as some of the’ practical problems involved in the planning of
experiments in cultivators’ fields were given by Panse and Sukhatme.?

The object of the present paper is to give a systematic analysis
for some of the typical designs that could be used on cultivators’ fields.
Analysis of variance tables for different designs have been given for
purposes of completeness though it is recognised that experimental
investigations on fertiliser use relate mostly to problems of estimation
and not to tests of significance. Some aspects of planning of these
experiments so as to provide the necessary background for the methods
of analysis presented here have also been discussed. Designs consi-
dered here are only illustrative to indicate the type of results that can
be obtained under a specified ‘scheme of distribution of these experi-
ments in a given region. The problem of allocation of experiments
and the total number of experiments taking cost of experimentation
and - loss resulting from the application of a recommended Aertilizer
dose below or above the optimum has also been discussed.

2. SOME ASPECTS OF PLANNING

Since each experiment is required to provide a self-contained
demonstratlon, the cultivators’ normal practice should be included to
provide a control plot and the remaining treatments superimposed on
this normal practice. If the objective of the inquiry is as simple as
obtairing a dose response relationship for a single fertilizer, a 3 or 4-
plot expenment of the.type o, my, ny, 1y where suffixes indicate levels
could be accommodated in a field. In a preliminary investigation on
the effects of n, p and k, the best choice could be given by a -4-plot
experiment of the type o, n, np, npk. It would be noticed that an out-
standing consideration .for the appropriate choice of treatments would
be the number of plots which can be managed in a cultivator’s field.
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For example if response curves of two sources of a nitrogenous ferti-
lizer are to be compared on soils not expected to respond to phosphate,
a 5-plot experiment o, ny, ny, n,’, ny’ where n and »n’ refer to forms and
suffixes indicate levels will be required to obtain a symmetrical com-
parison between the two types. If, however, we had to make the above
comparison in four plots we shall have to split the above set into two
sub-sets () o0, ny, ny; ny', (ii) 0, m', ny', ny. Each sub-set will provide
information on the response curve of one form and an interior point
from the response curve of the other form and equal number of experi-
ments on the two sub-sets of treatments will be carried out in different
fields. Any adequate statistical analysis should take into account the
design of the experiment and the analysis of the two nor-orthogonal 4-
plot arrangements may not present any special mathematical difficulty
but is bound to be complicated. Similarly comparison of three sources

_ of a nitrogenous fertilizer might be made by carrying out an equal

number of experiments for each of the following three 5-plot sets:

(A) (l) 0, Ny, Mg, nlla nz', B
(11) 0, Ny, Ry, nlllﬁ ’12”1
i) o, ny', ny', ny", ny".
In case we decide to-make these comparisons in 4-plot experiments,

the above three sub-sets will be further split into the following six 4-plot
sets : ' ' ’ - T

®) @ o mymym',
(i) o, my, ng, ny',
(i) o, n,', ny', ny, -
@iv) o, ny, nQ’, ‘nl”,

(V) 0, nlﬂ’ n2”, n,

. ” ” ’
(Vl) 0, Ny, Hy'y, My,

where each sub-set provides information on the response curve of one
source of nitrogen and a point nearabout the guessed optimum of the
other source. It will be noticed that equal precision for both the levels
has not been attempted and a sub-set of the type o, n;, ny, n,’ has not
been provided for to avoid having too many sub-sets for a given choice
of treatments.

When more than one nutrient like nitrogen and "phosphofus"éré
jinvolved, all combinations of three levels of nitrogen and three levels
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of phosphate could be investigated by means of the following 6-plot
arrangements: ' ' '

(©) (@) 0, p1, Hys g, MPy, AyPyy”
(ll) 0, P35 My, n2: ny Do, n2p2.

In-case it is not possible to accommodate six plots at a given sité, Panse
and Sukhatme? have suggested the following arrangement involving
3 and 4 plots:

(D) (l) o, nl’ n27
(i) o, py, mp1; NP1,
(lll) 0, P2, My Pas NyDa-

This arrangement uses the principle of confounding in ‘which levels
of phosphate are confounded with block differences. It is interesting
to note that if we omit control plots in the second and third sets above,
the analogy of this arrangement with a split plot design with levels of
nitrogen in sub-plots is clearly brought out.

3. COMPARISON OF A SINGLE SET OF TREATMENTS

Suppose that we wish to try a single set of treatments such as
0, n, np, npk in a given tract such as a Community Project area. We
. may select at random r villages and in the i-th selected village n; fields
may be selected at random. A single unreplicated experiment may
be carried out in each field. Let Y =p + vi + fy + b + @ + big
where p denotes the general mean, v; the effect of the i-th village, f3
the effect of the j-th field in the i-th village, 7, the average effect of the
k-th treatment, a,, the interaction of the k-th treatment effect with the
i-th village and b, the interaction of the k-th treatment effect with the
j-th field in the i-th village. With this set up the relevant portion of
the analysis of variance for the estimation of error or responses will
be as given below:

TaBLE I
Source : d.f. M.S.. Expeéted Value
Villages X treatments .. 3(r—1) 5,2 oy, + Aoy, T
Fields within villages 32Zm—1) 592 o442

X treatments
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where

1

Azr—l

2
(2 n— %r’%) , Eay®=o0,?
and
Eb%,;, = o2,

The variance of a response will be given by

Estimates of
0",,2 and 0'”2
can be obtained from the above table of analysis of variance as

s12 — S22

A

6,2 = 5,° and 0,2 =

A two-stage sampling procedure has been adopted in the above
case for the distribution of the experiments. The procedure can be
extended to a case when the selection of fields is made in more than
two stages.

We may select a random number say m thanas (small administrative
units) in each of the n districts and conduct g experiments in randomly
selected fields from each thana. This pattern of distribution of experi-
ments was adopted in the case of manurial trials carried out in the
Bihar State. :

Let y,;, represent the yield of the plot in the i th district, j th thana,
k th experiment and / th treatment. We, therefore, have:

Yijm=p+ 8+ L+ Bijk+ T+ Yo+ N+ lum

where u is the general mean, §; is the average deviation for district i,
7, the average deviation for treatment / and L, and 7, are the average
deviations for the j th thana in the ith district and variations in this
from treatment to treatment respectively, y,; is an additional deviation
for treatment / common to the whole of the district i and B, is a
deviation for the particular site of an experiment within a thana, e,
includes both the experimental error and field to field variation of the
[th treatment within a thana,
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The following analysis of variance relating to interaction variances
will be used to estimate different components of variance for finding
. standard errors of responses.

TaBLE II
i Source Degree of M.S. Expected Value
| Freedom .
District X treatments 3 (n — 1) 52 0244025 +mgrg®
Thanas X treatments 3m—1) - 8% 0P+ g0%e
Fields within thanas 3nm(g—1) 842 o2qn

X treatments

where
Evyy® =04? En¥y; = 0%, and E %y, = oy, .
It will frequently happen that although an equal number of experi-
ments were planned in each thana, results of all such experiments are
not available for analysis due to certain unavoidable reasons; thereby
introducing an extra complication in the usual heavy computation.
However, for obtaining satisfactory estimates of standard errors it is
not necessary that the analysis of variance should be based on all the
experiments. Therefore the analysis of variance might as well be per-
formed on a random sample of completed experiments per district
taking equal numbers from each thana.

Results of such experiments will be usually classified and grouped
according to broader soil types cutting across district borders. Let
Ry X denote the response to nitrogen averaged over N experiments
belonging to a given soil type of which »;; experiments come from the
i-th dlStrlCt and Jj-th thana. It is readily seen that,
nt
NZ

20 dcl t

V(Ry) = + 202, j\ﬁ + 204

4 i

2y =n, 2 = N,
i i

where

If we wish to compare the response to nitrogen on two soil types, then

- 1 1 / i 'i, 2
V(Rzy - RN') = 2‘72acﬂ ('N"f— ]V') + zozauzc;vj - nN—j,)
if

v -5
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where n,/ experiments contribute to the response on the second soil
type and where > n;’ =n;, Zn/ = N'. Summations here are taken over

E - .
all thanas in which either of n;;, n;' is non-zero and over ail districts
in which either n;, and n, is non-zero. Estimates of standard errors
may now be easily written down by replacing @, by appropriate func-
tions of mean squares in the above formula. For example, 532 will esti-
mate o2,

(s? — Ssa

q

will estimate o2, and (s, — $,2)/mg will estimate 04,2

In the foregoing analysis we have assumed homogeneity of different
interaction variances. In situations where this is not true, estimates
and their standard errors may be built for each thana separately and
then combined appropriately to obtain district and State estimates
of various responses. Statistical aspects of combination of estimates
from different experiments are exhaustively discussed by Cochran®
and the choice of suitable estimates and their standard errors will be
chiefly determined by the nature of the experimental data.

4, COMPARISON OF QUALITIES AND LEVELS OF A SINGLE
FERTILIZER IN 5-PLOT EXPERIMENTS

Case I.—Suppose the three sets marked (A) as given in Section 2
are arranged in a random sample of 3r fields in a given region such
that r experiments are allocated to each of the sets. It is clear that the
treatments are not orthogonal with fields, since only 5 out of the 7 treat-
ments are triqd in each field. Estimates of responses or differences
in response for different sources can be obtained by combining suitably
the estimates from the r experiments of each type. However, a com-
bined analysis of the 3r experiments can be carried out without much
difficulty; and such an analysis, apart from providing best estimates,
facilitates the overall tests of significance. The overall analysis takes
a relatively simple form on account of the presence of balance and
symmetry in the grouping of treatments into the 3 sets. We shall
describe both methods of analysis and compare their relative efficiency.

(a) Combination of estimates from individual types.—As a first step

the analysis of variance of each type is carried out separately giving
for a given type the following partitioning of d.f.:

Source of variation ' ‘d.f.
Fields .. .. r—1
Treatments . . .04

Fields x treatments .. =~ .. 4@ —1) -
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The interaction mean square pooled over all the 3 types provides an
estimate s2 of error variation. The response to any one of the levels
of a fertilizer is obtained from the means of the control and the corres-
ponding treatment plot of the 2r experiments where the given fertilizer
was applied and its variance will be estimated by s%r. To estimate
the difference in response to the fertilizers at a given level say n, — n,’,
we have a direct estimate say R, of the response difference from type 1
where they are both tried together with an estimated variance 2s2/r.
An indirect estimate of the same response difference is obtained by
taking
o+ n"+ny'
e

from type 2 and

, o+nll+n”
(-2 82

from type 3 and subtracting the latter from the former. This estimate
say R, has an estimated variance of 8 s?/3r. The two estimates are
uncorrelated and, therefore, the best linear combination of the estimates
is given by taking the average of the two estimates weighted inversely
to the variance. This estimate is given by:

_4R 3R,

R 7

with an estimated variance of 8 s?/7 r. Similarly the estimates of differ-
ences in response to the other level and qualities can be found.

(b) Analysis under the combined model—
Yo =p+bi+t+e;

represent the yield under the j-th treatment in the i-th experiment where
without loss of generality the suffix i takes the value 1 to r for fields
" containing the first set of treatments, i =r 4+ 1 to 2r for fields con-
taining the second treatments and i=2r 4+ 1 to 3r for fields con-
taining the third set of treatments and where the suffix j takes the value
0 to 6 for the treatments o, ny, 1y, 1y', 1y, n,", n,". Since the two levels
of a given fertilizer always occur together in a set and the different forms
are compared symmetrically, the comparisons of levels and forms % levels
are orthogonal to blocks and other-effects. Therefore a reparametriza-
tion of the treatment parameters as given below will result in some
simplification in the estimation and testing of treatment effects. Let
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to="0p; b+ bty =201, ts+ t, =20, t; + t; =26,
_ Iy — by =20y, I3 — ty=2¢y t; — tg=2¢s
We shall estimate the different parameters subject to the restrictions

E i)i and 390 +4 ((51 + 92 + @3) = 0 where 5 and § are estimates of
i=1

the corresponding parameters. The normal equations under this set
up can be easily written down. Let G stand for the grand total and
T’s denote the sum of yields of the plots in which the corresponding
treatment occurs and B, represent the total of the i-th field containing
the first set of treatments, etc. We now set

r 2r 3r
G,=2B;; Gy= Y B;; Gy= Y By;
i=1

j=r+1 k=2r+1

G
Qy="T,— 5 s O =T+ T, —2(G, + Go);
Qo=T5+T,— % (G1+Gy); Oy = T+Ts— % (G2+_G3)-
After simplification of the normal equations we obtain

‘_P1. "_Pz. ‘_Ps

¢1_4'_'r: ¢2—a-l" ¢3_Z;,
where we have set Ty, — Ty =P;; Ty3— Ty=Py; Ty— Ty= Py
The estimates of treatment means and their variances can now be
obtained, e.g., '

,;+;1=G Qo | 50,

P,
T2 Tier Tar

with a variance of 1302/24r.

The analysis of variance can be carried out as follows: The total S.S.
for treatments is obtained by first finding the sum of squares for all
fitted constants which is given by

3r 3 3
Bz 5 2 P2
Ste et t )
[ 1

and subtracting from this, the sum of squares obtained by fitting con-

- stants for blocks ignoring treatments, = The S.S, for treatments obtained

in this way will be




110 JOURNAL OF THE INDIAN SOCIETY OF AGRICULTURAL STATISTICS

3 2 ‘
5 P2
= 2 -t
i6r Z e +/ %
1] ‘1

The error S.S. can be obtained by subtracting from the total S.S.,
the S.S. for blocks ignoring treatments + the S.S. for treatments
adjusted for blocks. An overall test of significance of the treatments
can then be carried out as usual by the F test for treatment mean
square/error mean square. ‘

As the factorial set of treatments included are of a qualitative cum
quantitative nature, the useful tests of significance are on the main
offects and interactions, viz., (1) average difference between forms,
(2) average difference between levels and (3) interaction of level with
forms. Due to the orthogonal property of levels and levels X forms
referred to earlier, the S.S. for these items can, therefore, be obtained
as in the case of an orthogonal design. For obtaining the S.S. for forms
and control versus treatments, we use the well-known technique of
subtracting the S.S. due to a specified hypothesis from the total un-
restricted hypothesis. For forms the hypothesis is 6, = 6, = 63 and
for control versus treatments it is 6, = 0. The complete analysis of
" variance along with the expected values of mean squares is given in
Table III. ”

The efficiency of estimates by the two methods will be compared
in Table IV.

It.will be seen from Table IV. that the relative efficiency of
estimates under the combined model is not appreciably different from
that obtained from combination of estimates from different sets except
under (i). In this case the higher efficiency under the combined model
is due to utilizing information from all the control plots, while in the
other method, controls from only two of the sets have been used. As
the comparison (a) between two forms, (b) between the two levels
of any one form and (c) between the two non-zero levels, are orthogonal
to the different sets, both the estimates and their variances will be the

same in the two cases.

Case IT—It might be considered desirable to allocate all the three
sets of treatments to a cluster of fields in a village. To distribute
a total of 3r experiments in .an administrative unit say a tehsil or
a;'Community Project 'area, one might select r villages at random and
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TABLE III

Analysis of Variance

Expected
Source d.f. S.S. value of mean
square
(1) Fields (ignoring 3r-1 B2 G?
treatments) = 5 T 15

(2) Treatments (elimi-

3 3

5 2 pr

6 EZ 02+ ar
=0 1

nating blocks)
5
(a) Forms o2 Ter 9V (Gr, Qo Qs)
(2'p)?
(b) Levels . 1 T

(¢) Forms X levels 2 %;devz (P1> P2 P3)

+20 ) g |
o? 4 12rf?

o? + 4r2(¢“’2—@2

(d) Control versus 5 45
rest 1 160 20" T
(3) Error 12r-6 @ —{0+ @} o?
ToTAL .. 151 2y,2— C.F.

then select three fields at random in each village.

model will then be given by
Ygp=p+v+fu+ b+ Ap+t e
where

i=1,....r; j=12,3;

The mathematical

k=0,1,2....6

where v, represents the effect of the i-thvillage, f; stands for the effect
of the j-th field in the /-th village and A, corresponds to variation in
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TABLE IV

]
Variance of Estimates

Combination Estimates Efficiency
of estimates under the of estimates
from different combined under the
sets model combined
model (%)

(i) Response to a single versus o? To? 114-67
-~ double level of any one r 8r
form
(i) Difference between two 8 o2 952 101-69
forms at any specified 75 T :
level
(iii) Difference between two 5 o2 S0
forms 8 r T
(iv) Difference between the two o? a?
levels of any one form r r
(v) Difference between levels o? c?
3r 3r

the response from village to village. The analysis of this model reduces
to the analysis of the three sets of treatments for each village and then
combining for all the villages in the manner shown below.

Let F; denote the yield total for the j-th field in the i-th village.

Set Z‘F1U = V,, the total for the i~th village. Further let

Ou(i=1,....r; s=0,1,2)
and

Py(i=1....r;j=1,2,3)
denote the Q and P quantities defined under Case I for each village.
If we write )_',‘ 0., = 0, and 2 P, = P, the analysis of the model under
discussion works out as glven in Table V.

The sum of squares for treatments and treatments X villages may
easily be computed by forming two-way tables for villages X Q’s and
for villages x P’s, It will be further noticed that if individual village -
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TABLE V

‘Analysis of Variance

Expected

Source d.f. S.S. o value of mean

squares

Village

Ve G
15 15r

Fields within
villages 2y Z( Z Fi? ]/_2
(ignoring
treatments)

_“Treatments
(eliminating 6
blocks)

Treatments

Lo D ot b 0T Do
i

£ .2
SZZQ‘IS 520 Z'P2

X villages -1 T + )7',‘ %‘P,-,-Z Ty T 2+ oy 2

Error

TorAL

2

6r By difference . o

15r—1

analysis is available, then error-S.S. will be added to obtain the total
error S.S. with 6r d.f. Moreover the total of 6r d.f. for the adjusted
S.S. due to treatments for the r villages will be split into 6 d.f. for the
S.S. due to treatments and 6 (r — 1) d.f. for the interaction.

5. COMPARISON OF QUALITIES AND LEVELS OF A SINGLE
FERTILIZER IN 4-PLOT ARRANGEMENTS

Suppose that the six sets of treatments given in Section 2 and
marked as (B) are arranged in a random sample of 6r fields in a given
region such that r experiments are allocated to each set. The mathe-
matical model will be the same as discussed under Case I of Section 4
where without loss of generality the suffix i takes the value

,2....r;r+1,. s 2r+1; 3r;4r 4+ 1,....5r; 5r+ 1..6r,
for fields containing the ﬁrst second, third, fourth ﬁfth and sixth set
of treatments respectlvely
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To reparametrize the treatment parameters we set

ty = b, fo=10+ 6,
h=¢+ ¢ ty=0+ 6,
ty=¢ -+ & g =00,
Is=1¢ + 5

where 2'¢; =0 and X 6, =0. We shall estimate the different para-
er
meters subject to the additional restriction 3’ b; =0 and 6, + 2¢ + 6=0.

i=1

Let Gy to Gy denote totals of blocks corresponding to different scts
of treatments and Q,,....Q, the adjusted yield totals. For example,

G=F£B and g =1, - BTG GTEG

Solving the normal equations we obtain,

b = 2

§1 = o216 Q0 — 0 + 0s — Ds)

b = g 1600 — 0D + Q4 — Bu]
b = g2 16 Qs — 0 + Qs — O
b = gr 114(Qa— 0 + 01— 0]
b= o (14— 09+ 0~ B -

éa = ’8’43’-,-.'[14‘(Qs - Qz)_+ Qs - Qﬂ

NI

T §1 é,__
$ = 47 .
where we have set

-Ql=g].+—Q33i.Q.5andézz _Q2—+.Q34_-+-_Qﬁ.
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We can now at once write down the expressions for treatment

means along with their variances. For example,

O

G 4 = 0.
+ 3 [6 (Q1 — 0y + (@2 — O] +Z;

Bt h =0

with a variance of ~ 275¢%/996.

]
The treatment S.S. which is known to be equal to X' #,0; may be
i=0
split.into different component parts by setting the hypothesis
(i) ¢y = — 0y, o= — 0, $3 = — 0 for forms;
(ii) ¢ = @ for levels;. _
(iii) ¢; = 8, b = 05, ¢3 = 03 forlevels X forms; and

(iv) 26, = ¢ + 0 for control versus treatments.

Tue rollowing notations have been used to further simplify the anaiysis
of variance given below:

01+ Q2= 02 7Q1+15Q2=P12 50,—13Qy= Py,
Q3+Q4=Q34 7Q3+15Q4=P34 5Q3—13Q4=P3—4
Qs + O = O 705+ 15 Qg = Py 50;—13Qg= Psyg

As for the earlier model, discussed in Section 4, estimates of res-
ponses -and differences in responses can also be obtained by combining
estimates from different sets of experiments as follows:

.Response to a level of a given fertilizer is obtained by taking dider-
ence in yield of that treatment from the average of the corresponding
controls. Difference in response to two forms say » and »n’ at single

_level is obtained by taking the weighted average of 3 estimates. The

first and third sets give a direct estimate of the difference in response
with a variance o%/r. The second and fourth sets give an indirect
estimate as .

=)= [ 2

with variance 30%r, the quantity (o -+ »,")/2 in the first bracket being
calculated from the set (ii) and in the second bracket from the set
(iv). Another indirect estimate is given by

[H1—0+n13_*——n*2]—[n1"—0+n13 +L11"}
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TaBLE VI

Analysis' of -Variance

Expected
Source £ S.S. ) value of mean
squares

T 24r

6r
Fields (ignoring . _ 4 B> G*
treatments) r
4

Treatments 2 0.2
(eliminating 6 Q6—° + 34&
blocks) r r

+ 8—;1:) [5dev? (Qy, Os, O5)

-+ 13dev? (Q2> Q4, QG)
+ dev? 013, O34, Os6)]-
) 83 2

FOI‘mS T . ’ﬁ—x‘ﬁ;‘ [dev2 (PIZ’ P34, P56)] co e 0’2 + '1—7'6 ? (¢1' —_ 0,,;)2

30,2

+ 2r

Levels .. % (0. —208 .... o? + 4r (¢ — 0)?

2 83r 2
Forms X levels .. 83—><9 dev? (P9, Pg_gy P5 ¢) .... o2+ 144 {:‘ (i— 0,)2

— = 12¢ '
P i T (01— Q2)% 0% + 0 (20, — 6 — )2

Control versus % i 30, ,30 6
or

rest

Error 18r — 6 By difference o?

ToraL .. 24r—1
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from the sets (v) and (vi) with a variance of

802

These three estimates being independent can be combined by taking
average, weighted inversely to the corresponding variances. Similarly
the difference between the two forms at the double levels say ny, — ny’
can be estimated by combining the estimates from the sets (i) and (iii);
having variance (8/3) o2/r and the estimate from the sets (ii) and (iv)
having variance 30%/r. The difference between the two levels of any
one form, e.g., n; — n, may be estimated as follows: We add the
quantity (o + n,')/2 from the set (i) to [#, — (0 + n,")/2] from the set
(iii) ; similarly to

(0 —}—2111”)

from set (i) we add [n, — (0 + n,")/2] from set (v). The mean

of these two quantities will have a variance of ¢%/r. The mean of n,
plots, from sets (i) and (i) has a variance of ¢?%/2r. These two inde-
pendent estimates are combined by taking a mean weighted inversely
to their variances. The difference of this quantity from the mean of
the n, plots from sets (i) and (ii) can be easily seen to be free from block
effects and has a variance of 5¢%/6r. The variances of these combined
estimates are compared with the variances of estimates obtained from
the least square analysis in Table VII. Difference between forms under
column 2 in this table is taken as the simple average of the difference
in response at each level for the two sources and the correlation between
estimates of n, — n,’ and m, — n,’ has been allowed for in deriving
the variance expression.

It will be seen from Table VII that the relative efficiency is higher
under the combined model under (iii).

‘6. COMPARISON OF LEVELS OF NITROGEN AND PHOSPHATE

To study the effects of levels of nitrogen and phosphorus a con-
venient design in 6-plot blocks is the two sets of treatments given under
(C) in Section 2. Let a random sample of 2r fields be taken in a region
and r experiments of each type be allocated at random to 21 ﬁelds
Let the treatment effects be denoted as follows: :

~

m—>h mpy —> t4’ ' n1P2_>£7

Hy —> Iy Rep1 —> 15 - - Py —> 1ty -

Py > 1 Dy —> g
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TaBLE VII -

Variance of Estimates

Combination - Estimates o]f?ﬁics:i?r%?;e'
of estimates under the - under the
- from different combined combined
) : . sets model " model
N VAR
(i) Difference between two ‘ 24 o 48 o 101-2
forms at the single level 4 7 33 ;
(ii) Difference between two 24 o® 112 o? 104 6
forms at the double level 17 33 7 '
‘ (iii) Difference between levels 502 275 o2 112-7
of any one form 6 r CAX83r .
:(iv) Difference between two 356 o 44 o2 103+0
forms 77 7

Employing the usual additi\'/‘e model the analysis of the design under

‘the restriction 2 (fo + 1+ 1) - .Za‘ t; =0 will lead to the follovﬁng
i . t=3 . : .

_estimates :
Qo % P =_Q_2 b Q3+ Osss — Qevs .
0= W=, h=a0 b 6r
Q Q345 Qes Qs Q345 Q678
=3 = e 0 T e
;s _ Os %45 - Q6_7§ fo o= & 0345 Q678

T 6r 6r T T

i Q_s Q345 Q678
r T 6r

4\

where the ) functions have the usual meaning, viz., Q, = total yield for
the ith treatment — § (sum of the block totals in which this treatment

occurs) and Quus = Q5 + Q4 + O, -ete.

The estimates of the average effects to the different levels ‘of nitrogen
are given by
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No— g (% et +
—1(Z+0.+0)+ 5
M=t(2+0+0)+ 13
Similarly the average effects for the levels of phosphorus are given by
= b Que (. i g 00— O + 73,
Po= £ (3001 — Cuid) + 1oy

To obtain the standard errors of estimates we note that

V@)= V(@) =V (Q) =3
. o 5
V() =V (Q)=....= V() ="¢;
Cov (@, 0)=Cov (@5 09 =Cov (01, 09 = —F

Fo?
Cov (Qi: QJ) = - ‘—6—

where . .
1) i=0,1,2 j=3t8 " when i=3,4,5.
Q) i=3,4,5 j=3,4,5@)=0 . j=6,7,8
LT ~
(3)i=6,7,8 j=6,17,8.
N

The variances of the average effects for levels of nitrogen = 50%/18r
for P, = o?/6r and for P; and P, = ¢?/2r. The responses to levels of
nitrogen and prosphorus are obtained as N;— N, and P — P, with
variances 502/9r and 202/3r respectively. '

The analysis of ‘variance for testmg dlﬁ'erent sets of degrees of
freedom is given on mext page.




120 JOURNAL OF THE INDIAN SOCIETY OF AGRICULTURAL STATISTICS

TaBLE VIII

Analysis of Variance

Source d.f. : S.S. »

(1) Between fields 2r — 1

(2) Treatments, 8 %r [3 %2’ 0:2+6 ZS,' Qiz‘["(Qaas'“sts)z]

(3) Levels of N 2 —a’ev2 <Q°+Q3+Qs, Q1+Q4+Q7, Q2+Q 40 )

' 2
(4) Levels of P 2 57 (Q%us — O%1s)

(5) Interaction NP 4 @—@— 4% dev® (Qozes Q1475 Osss)

(6) Error .. 10r — 8 By difference

ToraL .. 12r — 1

If the NP interaction is absent, appropriate estimates of the treat-
ment effects and the corresponding analysis of variance will have to be
modified in view of the fact that treatments are not orthogonal to the
fields. In such a situation the estimates of the average effects of the -
levels of phosphate remain the same while for levels of nitrogen we
have

. 1 G 1 G
= Ng== E'Qoss‘*‘ﬁr, N1=‘E,Q147+1—2;,v

1 G .
=7 Osss + Ur: with

T Q=Y = V() =,
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The analysis of variance in this case will be obtained as follows:

121

TABLE IX
Source d.f. | S.S. '
(1) Between fields 2r —1
(ignoring
treatments)
S 1
(2) Treatments .. 4 e dev® (Qozes Qrar> Dose)
2 2 v .
+ g;(Q 345 T Q“67_s) ‘
. ) 1 ’
(3) Levelsof N .. 2 ar dev? (Qossr Qrars Qose)
‘ 2 2 2
4) Levelsof P .. 2 7 Q%+ 2 a18)
(5) Error Llor—4 @ —1)— @

TOTAL .. 12r i 1 . Z’y2“k - C.F.

In some cases it may not be possible to put 6 plots at a given

site

in cultivators’ fields. Arrangements involving lesser number of plots
in a field will have to be worked out. One such ‘unequal block’
arrangement is given in sets marked (D) in Section 2. Let a random
sample of 3r fields be taken in a region such that the experiments of

each type are allocated at random to the 3r fields. Employing
usual additive model and under the linear restrictions to .

34+ 54 =0and3 5 b+ 45 b+ b, =0
. 1 1

r+1 2r+1

we obtain the following estimates of the various treatment effects:.

-~ 40,+ ~ 2 L
Iy = Qo 1%'+Q2’ =1, Q1r+Qz;

;g=f0+Q1+2Q°, t3=;9’+2'Q3,+Q‘4+—Q_,5-

r

the

H
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t4—t+Q3+2’Q4+Q5 t;=;0—}—%+Q:+2Q5;
. ;6=;0+2Q6+?7+Q8' ; t+Qs+2 Q7+Qa

1 t Q6+Q7+2Q8

s = 1o+

F

where the Q functions have their usual definition. Variances for several
contrasts may now be worked out, e.g., variances of the average res-
ponses to single or double level of nitrogen and average response to
single or double level of phosphate are equal to 8¢2/27r and 1402%/9r 1es-
pectively. The analysis of variance for this set up can be put down in
terms of the Q functions but as in the case of other unequal block
arrangements, expressions involved are computatlonally unattractive
and are not being glven here

Another approach wh1ch might suggest itself is to omit the control
plots in sets (ii) and (111) and pool the analysis from d1fferent sets.

It will then be seen that the resulting set up is similar to a spht plot
design wherein levels of phosphate form the main plot treatments and
levels of nitrogen the sub-plot treatments. The analysis of variance
may be carried out by splitting. the total variation into (a) Between
fields within sets, (b) Between levels of nitrogen, (¢) Inter-block res-
ponse to phosphate, (d) Levels of phosphate X levels of nitrogen,
(¢) Between fields within sets X treatments. The appropriate error
for comparing levels of nitrogen and for the interaction of phosphate
with nitrogen will be given by (e) because they are within field compari-
sons. - However, the response to phosphate being estimated as inter-
field comparison will- also involve differences between fields and will,
therefore, be tested against (a).

Although control plots in the second and third sets have been
omitted in the above analysis, they can be used to obtain the intra-block
estimate of the response to phosphate alone. The combined intra-
and inter-block estimate for the response to phosphate alone may be
obtained by setting y = ky; + (1 — k) y, where 7, and y, are the intra-
.and inter-block estimates and where k is chosen such that the proposed
estimate has a minimum variance. It turns out that

20,2 + o
2(c®+ 0'12)

e
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and

20?

Var (y) =7 1— ;——(?,—:1—_*——1—5
. (o)

where ¢, is the true component of variation between fields within ihe
tract. It will be observed from the expression for Var (y) that if ¢;* 18
very large in relation to o% there is no further improvement in the
precision of the estimate based on the intra-block comparison.” From
the data of fertilizer trials conducted in India the ratio of ;%o has
been found to vary from 1 to 4. With this ratio it will be seen that the
gain with recovery of information is small being only of the order of
5 to 10%.

Tt will be of interest to compare the efficiency of estimates by the
split plot and the least square methods. We will have to compare the
efficiency separately for nitrogen and phosphate effects. The variance
for the estimates of response to levels of nitrogen and phosphate under
the least square have been given earlier. The corresponding variances
of estimates under the split plot model are 20%/3r and 2 (o,2]r + 5%[3r).
Therefore the relative efficiency of the split plot model for nitrogen is
44%. The efficiency of the response to phosphate will depend upon
o,2/o%. As mentioned earlier- this ratio appears to vary from 1 to 4
and, therefore, the efficiency of phosphate response is low and will vary
from 18-0% to 58:0%. .

7. OPTIMUM ALLOCATION OF EXPERIMENTS AND ToTAL
AMOUNT OF EXPERIMENTATION

In the type of experimental programmes discussed in the foregoing
sections, it is necessary to determine the total amount of experimenta-
tion and its distribution between different units. To be able to do this,
we-should have information both on the cost of experimentation and
the variance components which constitute the error of estimates,

Information on variance components is available from several
" of ‘the schemes on simple fertiliser trials in cultivators® fields recently
carried out in India. These experiments have been generally carried.
out in randomly chosen fields in randomly selected villages in a given
area which has been either a thana (an administrative unit consisting
of about 100 square miles) or a community project area or a taluk having
an area of about 300 to 400 squaré miles. The area of a village is about
] to.2 square_miles and consists of about 1,000 to 1,500 fields,
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In this section, the number of experiments to be carried out in a
village and the number of villages for estimating the taluk response
with a given margin of error has been determined. Optimum allocation
of experiments between fields and villages has also been investigated
taking into consideration a simple type of cost function. These results
have been extended to district estimates as well. The optimum amount
of experimentation taking into account both the cost and the expected
losses due to error in the estimate has also been considered.

7-1 Distribution of experiments between villages and within villages

Estimates of ¢,,® (true interaction variance of treatments X villages)
and 0,2 (true interaction variance of fields X treatments) are available
from the results of Stewart’s Scheme and T.C.M. experiments on paddy
and wheat. In the Stewart’s Scheme villages were selected at random
from taluks in Madras State and in Bihar State from subdivisions
which are somewhat larger than taluks, whereas in T.C.M. experiments
villages were selected at random from a block of a Commumty Project
area which is smaller in area than a taluk. As such 8,;% does not

TABLE X

Estimates of Interaction Variances

Coefficient of variability

Source of data Gy® G2 Mean X . .
mds. | 91t 100 | 2ot 100
per acre x 7
1 2 3 4 5 6

Stewart’s Scheme (Paddy)

Madras (1953-54 10-6 3-1 28-2 11+5 6:2
do. (1954-55) 8-2 4-3 31-0 9.2 67
Bihar (1952-53) 10-1 3.7 .23-9 13-3 8:0
do. (1953-54) 19-8 36 30-5 146 6-2
do. (1954-55) 8:6 3-9 23:3 12-6 85
T.C.M. (1954—55)(Paddy) 11-2 13-4 21-9 15-3 16-7
Average for paddy experi- 11-4 5-3 265 12-6 8.7
ments
Stewart’s Scheme (Wheat)
Bihar (1952-53) 11 1-9 9-6 10-9 14-4
do. (1958-54) 1-8 2-8 11-5 117 145
T.C.M. (1953—54)(Wheat) 5-0 2-7 16-2 13-8 10-1
do. (1954-55)  do. 6-9 4-5 15-1 174 14-0
Average for wheat experi- 3-7 2.0 - 13-1 13-4 13.2

ments
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represent the same inferaction variance in the different schemes. How-
ever, it is presumed that the differential coverage of areas is not likely
to make any appreciable difference in the value of ¢,* and, therefore,

" these values have been averaged and the same value has been take:

both in a thana and a taluk.

The estimates of the true interaction variances o2 and o2 were.
obtained from those villages of a taluk where more than one experiment
was conducted. Such values for each year were averaged over ten
taluks in Madras State and over five subdivisions in Bihar State. In
T.C.M. experiments, averages were taken over six Community Project
areas both for paddy (1954-55) and wheat (1954-55) and over four
Community Project areas for wheat (1953-54).

If in a taluk m experiments per village are carried out in »n villages,
the variance of a treatment response is given by

2 2
62 =2 (@——Uw +—G” ) .
mn

The number of villages and fields for different levels of accuracy as
obtained from this formula are given in Table XI.

TaBLE XI

‘Minimum Number of Villages (n) for Different Levels of
Accuracy and Given Number of Fields (m)

Crop Paddy Wheat
Number of
fields (m) 1 2 3 1 2 3

S.E. % (p)

3 52 34 29 79 59 52
5 19 12 10 28 21 19
10 5 3 3 7 5 5

From the above table it will be seen that for both wheat and paddy
quite a large number of villages will have to be taken for-attaining an
accuracy of 3% of the mean yield. As such it may be reasonable to
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aim at an accuracy of about 5 7 for the taluk estimate. It will also be
seen that in the case of wheat about 507, more experiments will have
to be carried out for the same accuracy as that of paddy

We shall now determlne optimum allocation of experiments between:
villages and fields by mlmmlsm_g the cost of experimentation for a fixed
precision of a treatment response.

We shall assume a simple cost function of the type C==cy+c,n-+comn
where ¢, is the overhead cost and ¢, is the cost of including one more
village and ¢, is the cost of including one more experiment. The salary
of the field assistant for the days of his visit to the v1llage the cost of
his travel and the cost of preparing a list of cultivators growing a-parti-
cular crop in a village will constitute the village component .of the
cost (¢;). The field assistant is usually paid a fixed salary of Rs. 150
per mensem inclusive of allowances which works out as Re. 1 per man-
hour of his working time. During travel outside his headquarters
he is paid an allowance of 2 annas per mile for his journey time. A
field assistant will be required to visit a given village four times for
(i) selection of cultivators within a village, (if) laying out an experiment,
(iif) making observations on crop growth and (iv) harvesting. More-
over, corresponding to two out of his four visits, viz., at the time of
laying out a field experiment and at the time of harvesting, the field
assistant will be required to revisit some' of the villages to complete
these observations on account of the unforeseen absence of the selected
cultivators. . 'We shall suppose that such revisits will be confined to
25% of the villages. '

‘As a first approximation to travel costs, we shall assume that the
field assistant travels from his thana headquarters and returns back
at the end of the day without undertaking any travel betweer_,l,,‘villages.
Considering the size of a thana, the distance between the thana head-.

“quarters and a village may be taken on the average to be equal to three

miles and the field assistanct may take about one hour to cover this
distance. Since there will be no travel between the villages, the total
distance travelled for the visits mentioned earlier for a selected village
is 24 4+ 12(-25) = 27 miles. Furthermore he might be required to
spend three man-hours per village for listing the names of cultivators.
These two items will cost Rs. 12. Supervision of field assistants and
their training will-increase those parts of variable costs relating to
villages and .experiments which arise directly out of the man-hours
spent by the field assistants. We might assume roughly 59 intensity
of supervision at this stage with supervisory wages as 14 times the wages
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of the field assistant which will, therefore, have an effect of increasing’
the working time wages of the field assistant by 73%.

Training of the field assistants is likely to be arranged on a regionial
basis and will involve both travel cost and working time. The average
distance from the thana headquarters to the regional headquarters
may be taken as 150 miles which will take about 8 hours to cover. The
actual training might be assumed to last for 14 working hours. Since
it will be a trip away from thana headquarters a special allowance
equivalent to wages of 8 man-hours will be given to a field assistant.
This will, therefore, have an effect of increasing the workiﬁg time wages
per village by 3% and travel time by 20%. Thus we have ¢; = Rs. 18-25.

Component costs which will increase with the number of experi-
ments in a village might be determined as follows:

(i) Cost of fertilizer per experiment . .. Rs. 10-00
(ii) Special cost of cultivation, bunding, etc., per
experiment ' _ ,,  3:00
(iii) Labour cost for harvesting five or six centrally
located portions each of size 1/50th of an
acre .. . .. . o, 10-00
(iv) Additional cost of computation, stationery,
pegs, etc., per experiment . .. 5 2°00
(v) Personal time of the assistant: _
(@) For contacting one cultivator and locat-
ing one experimental field .. 3 man-hours
(b) Fertilizer application and making the
plots during second visit .. o3 .
(¢) Crop observations during third visit .. 2 ’

(d) Supervision during harvesting .. 6

ERd

These items will cost Rs. 39. If we assume 20% intensity of super-
vision at this stage for the work of the field assistants, it will increase
the working time wages by 13% which combined with an additional 3]
increase on account of training gives ¢, = Rs. 46-00.

In order to determine the optimum allocation of experiments
between villages and within villages, we shall minimise the cost (c)
for a fixed margin of error given by

2 _ 1 (mo'ntz‘I‘U/zz)
oy = —w B,
mn
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This will give

¢ ¢ 2 /.. 8,2
m = J-T“andn=—é(av,2 i)
Co Oy . ) m

The value &,,/5,, is a little greater than unity, and V/¢1fe, is much smaller
than unity. Therefore it will not pay to have more than one experi-
ment per village. It might be contested that the assistant will be re-
quired to pay more than four visits to the villages in order to be able
' to exercise more effective supervision. This will have the effect of
increasing c; but even then ¢,/c, cannot be greater than 1. . The number
of villages for m = 1 for different levels of accuracy have already been
given in Table XI.

1.2.  Determination of minimum number of thanas for estimating the
response in a district

In the case of a three-stage sample design when the thanas are the
primary units of selection, the variance of a treatment response for any
given year based on / thanas, » villages per thana and m field experiments
per village is given by

. Tys® Tys Uft2)
Vo=2(%F + 5 i)

where 6,2 is the true interaction variance of thanas X treatments.

Information on o,,? is available from the analysis of Bihar manurial
trials which has been carried out at the Statistical Wing of the Indian
Council of Agricultural Research (unpublished data). These experi-
ments were carried out in a number of fields selected from a thana.
Values of 6, and 6,,* 4 o,,® obtained as the average of seven years
are given below:

6.”2 6.”2 + 6”2
Paddy .. 38 10-6
Wheat .. 20 5-9

We could now find out the required number of thanas for deter-
mining the district response with a given precision. Estimates of o,,2
and o;,% as given in Table X are based on data from other series of experi-
ments and as such the estimate of ¢,2 obtained here is not strictly com-
parable. From the values given above it will be seen that 6,2 is
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roughly % (6,2 + 6,,%). This relation has been utilised to estimate o,,?
on a comparable basis from Table X giving &,2 = 5-6 and 2-2 for paddy
and wheat respectively. Utilising the value of the variance components,
the minimum number of thanas required to be taken for estimating the
district response for different levels of accuracy are given in Table XII.

TaBLE XII

Minimum Number of Thanas Required for Estimating the
District Response (with one experiment per village)

Paddy -~ Wheat
S.E. % of the thana S.E. % of the thana
response response
3 5 10 3 5 10
No. of 52 19 5 79 - 28 7
villages
S.E. Y of
district
i response
) 3 9 10 . 14 15 16 20
-'. 5 3 4 5 5 - 6 7
, .
8 1 1 2 2 2 3

Tt will be observed that on the average we will require more number
of thanas for estimating the district response for wheat than for paddy.

We shall now determine the number of thanas by minimising cost
of experimentation for a fixed precision of the treatment response.
The cost function may be written as C= Cy+ le; + leyn + legmn
where C; is the overhead cost, ¢," is the cost per thana and ¢; and c,
have been defined earlier in Section 7.1.

Increasing the number of thanas, besides proportionately increasing
the cost per individual thana will bring the extra cost component
corresponding to the office expenses at the thana headquarters for a
) period of one year as in next page.
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, Rs.

Office rent at Rs. 10 permonth .. . .. . .. 120
Rent for office furniture at the rate of Rs. 4:5 per month .. 54
Office stationery .. .. .. o ..o 12
Balance and tapes - . .. . .. 14
Total .. 200

Therefore, ¢, = Rs. 200.

The optimuni value of m, n and [ are given by

¢, © ¢ o
;nz\/_lﬁ,’ n = ,_];,-_"t._
) C2 Oyt cl Ot

' 2 0,2 | o,
= (g2 + 22 L22),
VeE\ & n mn

‘ The above formula gives m = 1 and » = 3 and if the precision of the
district response is 6% then [ =9 for paddy. '

Experiments will ordinarily be repeated over a _numl;cr of years
: (y) to sample different seasonal conditions for the estimation of res-

‘ ponses. If fresh thanas are selected every year, the variance of a treat-

ment response over years is given by: T )
. 2 9 o'ctz 0'”2 0.”2
V=t T G )

‘ To be able to get a good estimate of o,,% it will be ideal to repeat an
experiment on the same site every year. Since experiments on culti-
vators’ fields are ordinarily repeated in different fields in different
villages every year, it becomes exceedingly difficult to get a good esti-
mate of o,2 free from other variations due to change in site of the'
_experiments.’

Among the series of trials considered here, only the Bihar manurial
experiments have been carried out for a sufficient number of years.
Estimate of o, has, therefore, been calculated from this series only.
The levels of N and P tried in the series were 25 and 50 Ib. per acre in
some of the years while in the remaining years the Jevels varied from
30 to 60.1b. per-acre. In view of the varying doses tried in different
years, the responses have been standardised to 30 N and 30 P in all
years and o, has been calculated from the standardised responses.
The values of mean squares between years (s,%) and the simple average
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“of error variance of standardised responses in different years (s?) are
given below: '

“TapLE XIIT
Mean Square berween Years and Error Variance of Standardzsed
Résponses
Bihar Manurral Experzmenrs (Average of 17 districts over T years).
' (md Jacre)*
Paddy - Wheat

Nitrogen Phosphate Nitrogen Phosphate-

Mean square between : :
years (5,3 . .. 1r93 .. 2:20 1:16 1-19 .

Error (s%) .. 074 0-86 0-54 - 0:49

The estimates of the true years X treatment component is obtained
_as the difference 5,2 — 5% As the mean squares for nitrogen and phos-
phate are similar in magnitude, the estimate of o,,* has been averaged
over N and P giving a value é,% ='1-3 and 0-7 for paddy and wheat
respectively. These values are nearly  of the value of Opi2 Estimate
of 0,2 is made comparable to the estimates of other components by
using this ratio in the manner as-was adopted for getting the estimate
of o,2 Utilising this 1nformat10n we find that with one field per
v111age 7 villages per “thana and 6. thanas per dlstrlct the response
in a district for paddy can be:obtained with a standard error of 477
over a period of six years.

7.3. Optimum amount of experrmentatzon

In the previous section, we have investigated into the problem of
allocation of experiments from the point of view of determining the
response to a given treatment with a certain precision’ both with and
without the consideration of cost. The concept of minimizing cost
for a fixed precision or maximizing precision’ for a fixed cost is usually
employed for the study of such problems. It will be, however, much
more realistic to determine the optimum amount of experimentation
by minimizing the cost. of experlmentatlon together with the expected
loss due to error in the estlmate
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One very important object of experimental programmes on ferti-
lizer use will be to estimate the optimum dressing. The dose will be
optimum when the cost of a further small increment in the dose exactly
equals the value of the resultant average increment in response. We
shall assume that the expected loss due to error in the optimum will be °
proportional to the variance of the estimate of the optimum dressing.

Moreover, the loss, as a result of application of the optimum dose,
will also vary with the area which will receive the fertilizer. If we try
two non-zero levels of a fertilizer and use the quadratic response curve
» =a+ yx + 8x® to estimate the optimum dose from mnl experiments
distributed among / thanas, n villages per thana and m experiments
per village, the variance of the optimum dose is given by:

_ 1 1 (xO - x)2 o'ci,‘z Uut
V—§2[42§12+ T ][T +mnl:|

where ¢’s are orthogonal polynomials, x, is the optimum dose and
% is the mean of the levels tr1ed

Let C = ¢y + ley' + lesn + legmn -~ L where ¢’s have been defined
in the previous section and the loss function L = A4V where Vis the
variance of the optimum dose, A is the total area where estimated opti-
mum dose will be applied and Ais a constant of proportionality to be
determined from the nature of the response curve. If we denote the
cost of fertilizer by ¢ and the price of produce per unit by p, the loss
incurred through using Ax quantity of fertilizer beyond the optimum
dose as determined from the quadratic response curve is given by

L=4[gdx —pla+y(x+ 4x) + 8 (x, + 4x)?
—a— yxy— 8x%] = — pd(4x)* 4
where we have used the relation y + 28x, = ¢/p.
This gives A = — pé.

We shall now differentiate the expression given above for cost + loss

and obtain
C1 0
m — \/ 1 ft
C’ g, A
1
n= R . s
Cl Ot

9(%:2 4 Oy - Gf_'z)

n mn

| =

2

¢ + ¢ein + comn
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where

A 1 (xo — %)?
=5 Lz + S|
[t is interesting to note that under the additive cost function which we
have assumed, the optimum allocation of experiments between villages
and within villages turns out to be the same as obtained in the previous
Section from considerations of minimizing cost for a fixed precision.
It is only the total amount of experimentation as determined by the
number of thanas which depends both on the cost and loss function.

Substituting values as obtained in the previous Section for ¢’s and
values of &, 6, and &, for paddy we have m =1 and n.=3. To
be able to obtain the value of / we notice that the variance of the optimum
depends on the theoretical value of the optimum dose itself. If
we assume the optimum dose to be near the mean level of the doses
tried, the contribution of the second term in the expression for the
variance of the optimum dose may be neglected. We shall take the
average value of § = — -161b. per acre which is based on the study
of quadratic response curve relating to experiments in paddy in India’
and p = Rs. 10 per md. If we assume that the 20% of the area in a
district having approximately -15 million acres under paddy will receive
fertilizer, then we find that /= 37. It means that with this type of
allocation we will have to conduct experiments in almost all the thanas
of a district.

In the optimum allocation the estimate for thana being based only
on three experiments will be of very low accuracy and often it will be
of interest to obtain more reliable estimates for a thana. The optimum
amount of experimentation in such a situation may be obtained in a
similar manner. For example, in the case of paddy for estimating the
thana response with 5% S.E., we require 19 villages at the rate of one
experiment per village (vide Table XI). The optimum amount of
experimentation / = 15 is obtained from the above formula by putting
m=1and n =19,
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SUMMARY

A systematic analysis of some of the typical experimental designs
that could be used in cultivators’ fields has been given with special
3
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reference to the relative efficiencies of these designs. The problem
of allocation of experiments and the amount of experimentation has
also been discussed in the light of the data obtained in various fertilizer

1. -Stewart, A. B.

2. Panse, V.'G.and
Sukhatme, P. V.

3., Cochran, W, G.

4" Yites,F.

5. ~——, Finney, D. J.
and-Panse, V. G.

trials in cultivators® fields carried out recently in India.
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