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A COMPARISON OF TWO METHODS FOR THE STUDY OF PERMANENT
MANURIAL TRIALS *

S. Krishnan!, P, U. surendran 3nd Py Gangadhara Menon?®
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It is customary in agriculture to repeat the same experiment over different
places/seasons. The usual method adopted for comparison of treatments owver
different seasons is by the technique of analysis of groups of experiments (Cochran
and Cox, 1957; Fanse and Sukhatme, 1954). |If the treatments are equal in effect
over the different places/seasons they are stable over jthe places/seasons. Hence
in order to compare the treatments the stability approach initiated Finlay and
Wilkinson (19€3; can be used. This approach is based on the linear relation
between treatment means and seasonal/place means. A comparison of the two appro-
aches isthe theme of the article. Further a rigorous justification of the method
due to Finlay and Wilkinson has been attempted. As a rigorous proof of the ana-
lysis of groups of experiments when place/seasonal variations are equal and they
interact with treatments is conspicuously absent in the literature the necessary
theoretical developments have been indicated.

Materials and Methods

The data from Rice Research Station, Pattambi on permanent manurial trials
on Jaya variety of rice for seasons - 7 kharif and 6 rabi seasons - were used
for the study. The experiment in each season was the same and was laid out in a four
replicate randomised block design with 8 treatments. A uniform spacing of 15 cm x

15 cm was adopted. The gross plot size was 7.80 x 5.25 sq. m. and the net plot
size 7.6 x 495 sq m. The treatments were as given -below.

1 Cattle manure at 18,000 kg/ha to supply 90 kg N/ha

Green leaf at 18,000 kg/ha to supply SO kg N/ha

Cattle manure at 9000 kg/ha +grean leaf at 9000 kg/ha to supply 90 kg N/ha

Ammonium sulphate to supply 90 kg N/ha

Cattle manure at 9000 kgfha+ammonium sulphate to supply 45 kg Niha +

superphosphate to supply 45 kg P,0/ha + 45 kg K20 44 myriate of potash

6 Green leaf at 9000 kg/ha+ ammonium sulphate to supply 45 kg N/ha+super-
phosphate to supply 45ka P.0O.'ha+45 kg K,0 a5 muriate of potash

7 Cattle manure 4500 kg/ha+green leaf 4500 kg/ha+45 kg N as ammonium
sulphate-+-superphosphate to supply 45 kg P,0s/ha L 45 kg KO 45 muriate of
potash
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8 Ammonium sulphate to supply 90 kg N/hatsuperphosphate to supply 45 kg
P,0O./ha+ munate of potash to supply 45 kg K,O/ha (ammonium sulphate was
applied half as basal and the rest as top-dressing at panicle initiation).

Let x be the mean yield of a treatment in a season and y the mean vyield
for all treatments inthe season. Then the regression of x on y (Finlay and Wil-

kinson, 1963) is X — x= b (y—Y)

Consider a unit change in the value ofy. This represents average vari-
ation in the response of all treatments. If now the corresponding change in X is
x_x1_
=(y__=;,)_ 1. for x and yare measured in the same unit b change
ir the average response of all treatments is equal to the change in a treatment.
Hence we say that treatment has got only average variation when b = 1.

When the change in y — y is larger than the change in x — x, for a unit
change iny the relative change in the treatment response is b is less than unity
and we say that the treatment has better than average consistency in different
seasons.

In the same way if the change in x — x is greater than the change in y—y,
b is greater than unity and the treatment has lower consistency (stability).

A rigorous justification of the aptness of the method to measure consistency
(stability) has been given by Krishnan (1981) as follows * If

X — X bly —y)
Cov (x, y)
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v(X) :
Isv(%
v i
= 1, ifv(X; ) =] = v (X ) — average variation ;
Vl

Less than 1, if v (X; ) less than 5 V(X ),

1
Greater than 1, if v (X, ) greaterthan =y (X; ).

Hence a treatment has got average, less than average or greater than
average consistency according as the variations in that treatment is equal to,
greater than or less than the average of the variations of all the treatments.
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In order to establish the analysis of groups of experiments when inter-
action is present and variance are equal, the linear model is

Yifk a+ b + Cj + dij + e

i =1,2...... s r, j= 1,2 ..., V.,

k = 172 .. , p where

a = general effect ;

bj effect of i*" replication ;

Cj = effect of j™ treatment ;

d:. = ; ; : figati L

v e arne o BBRoh B, PSRRI REcehing teamert

and e are IN [0, (sigma)?]
If a, bi , ¢ , dij are respectively the least square estimates of a, bj ,
Cjand di and vy;; = p (@ + bi +cj + dij ), where y;. = %ygk
Thus by Marcov's theorem (Kempthene, 1952).
ik {Yik — a — b - c
¥ iéjv = s?isa (sigma)?
with (p—1)rv degrees of freedom.

This is independent of hypothesis. (1) is called the within cell sum of
squares. As the variation due to i and j classifications is completely contained
in the between cell sum of squares their study should be based on the analysis
of cell totals. The linear model for this is (Das and Giri, 1979}.

Yij. = p(a + bi + c; + djj ) + ;. Or

Yj =a+b +c +t;, where t; — di: + ey

' fady
and v( tjj ) = (sigma)* (sigma)® (sigma)?
— 1

If a, bi and Cj are the least square estimates of a, &, and Cj respectively,

a = prv

= !l_- -

bj = pv a

= Y _ . -

Cj = pr a

To test € =€ = ... = Cy = 0 we minimise é, (V. —a — bi )* with
z 25] yz_l

respect to a and b; . This leads to s = - —
en L3 P P g
y? A

_/ is a chi-square (sigma) with r(v~1) degrees of freedom
pv
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Similarly when by b, = . | be —p A\ v ow V' ig a chi-square (sigma)
! 2

p¥ prv
with (r—1) degrees of freedom.

In order to develop tests it is required to find expectations of the various
sums of squares. It is easy to show that;

L
E (MSS due to a, s) = (sigma)? + P(sigma), + .T;Fi\{{ z .

1
E (MSS due to C';s) — (sigma)? * p(sigma), * PY 5 .

IE (]) - : {sigma)? * p(sigma),
and E (Mean error SS) — (sigma)?

Thus the mean sum of squares due to each of i and j classifications should
be comnared against interaction sum of square for Testing significance.  For examin-
ing the presence of interaction the mean sum of squares due to it should be comp-
ared against mean error sum of squares. This procedure may have to be modified
when the variances associated with the different experiments are not equal. The
analysis of the 13 experiments has been dealt with as in Cochran and Cox (1957) and
Panse and Sukhatme (1954)

Results and discussion

The eight treatments applied to Jaya variety in 13 seasons—7 kharifand6
rabi-will hereafter be denoted as treatment 1, treatment 2, ............. .. treatment 8
respectively in the order in which they are described in the materials and methods.
The mean yields of the treatments are given in Table 1.

The seasonal means for the khatif seasons ranged from 11.91 kg to 16.43kg.
whereas the range was 8.5 kg to 12.20 kg in the rabi seasons  When all the treat-
ments were taken into consideration rheir rabi means had a range of 9 35 kg to 11.34
kg while the kharif means were from 13.47 kg to 15.79 kg.

The coefficients of regression of treatment means on the seasonal means
are presented in Table 4. This coefficient of regression was 1.10for treatment 1, 1.13
for treatment 2; 0.97 for treatment 3; 0.97 for treatment 4; 1.11 for treatment 5
0.97 for treatment 6; 1 04 fortreatment 7 and 0.76 for treatment 8. All but the
second and last treatments were not significantly different from 1. Regression coeffi-
cients of treatments 2 and 8 were significantly different from 1.

The ANOVA tables of seasonal experiments are given in Table 2. The treat-
ments were not homogeneous for the seasons viz; kharif 1973, kharif 1974, kharif
1975 rabi 1 975 rabi 1576, kharif 1977, kharif 1978; kharif 1979 and rabi 1979.
They were homogeneous in rabi 1973, kharif 1976, rabi 1977 and in rabi 1978.



Table 1

Mean vyield, kg/plot

Treatments Seasonal
Season 1 2 3 4 5 6 7 8 mean

Kharif 1973 13.76 13.18 13.81 13.93 15.71 14.34 15.98 13.70 14.30
Rabi 1973 7.83 8.10 8.78 8,80 8.50 8.30 8.75 8.95 850
Kharif 1974 14,23 13.75 15.45 13.45 15 05 14.13 14.65 13.35 14.24
Kharif 1975 16.20 14.53 15.63 14.15 16.40 15.53 15.88 14.58 15 36
Rabi 1975 9.75 9.35 10.63 8.50 11.83 10.68 11.50 1043 10.33
Kharif 1976 14.10 13.20 14.50 14.00 15.13 13.98 14.50 12.68 14.02
Rabi 1976 13.88 11.33 12.98 10.88 13.50 11.48 11.63 12,05 12.20
Kharif 1977 15.88 15.18 16.60 " 13.48 17.20 14.85 15.93 13.43 15.32
Rabi 1977 11.03 11 .30 12.15 10.60 12.10 11.33 12.38 11.83 11.59
Kharif 1978 18.03 16.03 17.40 14.50 17.98 15.63 17.20 14.65 16.43
Rabi 1978 12.13 11 20 11.55 10.95 12.25 10.90 11.74 11.53 11.563
Kharif 1979 14.00 10,31 12.33 11.40 13.10 9.93 12.20 11.93 11.91
Rabi 1979 1118 6.13 10.98 6.45 5 88 8.05 9.28 8.35 8.77
Overall mean 13.23 11 81 13.28 11.61 13.74 12.24 13.20 12.11
Rabi mean 10,96 9.57 11.18 9.35 11.34 10.12 10.86 10.52
Kharif mean 15.18 13.74 1509 13.56 15.79 14.05 15.20 13.47

w0y
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Table 2
Analysis of variance of experiments
Seasons Source df SS F

Kharif 1973 Replications 3 26.462 11.59
Treatments 7 28.243 5.30%*
Error 21 15.977

Rabi 1973 Replications 3 2,908 3.03
Treatments 7 4.345 194
Error 21 6.728

Kharif 1974 Replications 3 5.616 3.30
Treatments 7 14.903 3.TS
Error 21 11.919

Kharif 1975 Replications 3 8.948 6.53
Treatments 7 19.710 6.16%*
Error 21 9.599

Rabi 1975 Replications 3 5.836 5.05
Treatments 7 33.861 12.55%*
Error 21 8.096

Kharif 1976 Replications 3 4,061
Treatments 7 16.758
Error 21 42.709

Rabi 1976 Replications 3 8.648 4.46
Treatments 7 34.752 7.68%*
Error 21 13.569

Kharif 1977 Replications 3 0.881 0.21
Treatments 7 52.335 541"
Error 21 29.027

Rabi 1977 Replications 3 10.323 4.58
Treatments 7 10.796 2.05
Error 21 15.778

Kharif 1978 Replications 3 5.476 1.95
Treatments 7 56.602 8.65
Error 21 19.627

Rabi 1978 Replications 3 13.001 9.21
Treatments 7 7.054 2.05
Error 21 10.334

Kharif 1979 Replications 3 2.935 0.54
Treatments 7 51.540 4.04**
Error 21 38.304

Rabi 1979 Replications 3 30.856 11.22
Treatments 7 102.677 16.00%*
Error 21 19.252

Significant (P 0.01)
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In the analyses where treatment sum of squares were significant, treatments
were classified into homogeneous sub-groups (Table 3).

In kharif1977 treatments 5 and 7 were in one group and the rest in another
homogeneous sub-group.

The classification of the treatments into homogeneous sub-groups in kharif
1974 revealed that treatments 4 and 8 belonged to the homogeneous sub-group with
smaller mean values. All the rest belonged to a homogeneous sub-group with larger
mean value.

In the kharifthat followed means of treatments, 2, 4 and 8 were smaller
than the means of others which belonged to a homogeneous sub-group.

In rabi 1975 the smallest mean was that of treatment 4 and this was signi-
ficantly different from others. The rest of the treatments belonged to two significantly
different sub-groups 1.2 and 8 in one group and 25,6 and 7 in the other.

There were two distinct homogeneous sub-groups of treatments in rabi
1976. Treatments 2,4,6,7 and 8 formed one homogeneous sub-group of smaller
means and the other group consisted of 1,3 and 5.

In kharif 1977 treatments belonged to two distinct homogeneous sub-groups
one with the lower mean values consisted of treatments 4 and 8 while the rest formed
the other group. This was a repetition of the groups in kharif 1974.

There were two homogeneous sub-groups of treatment means in 1978:
Treatments 4,6 and 8 were in one group and the rest formed the other homogeneous
sub-group. The former consisted of means with lower manitude.

In kharif1979 treatments 2 and 6 belonged to one group and the rest in
another homogeneous sub-group.

There were three homogeneous sub-groups of treatment means in rabi 1977.
Treatments 2 and 4 were in one group. The second group consisted of treatments
6,7 and 8. The last group with the highest means consisted of treatments 1,3
and 5.

No significant difference was observed between the mean yields of Jaya to
the treatments during rabi 1973, kharif 1976, rabi 1977 and rabi 1978.

From the above discussion it is evident that the effect of seasons on the
treatments was not uniform.  Putting it in the language of design of experiments
there was interaction between treatment and seasons.

The mean square errors ranged from 0.32 to 2.03. When the mean square
errors were tested for homogeneity by Bartlet's test for homogeneity of variances they
were found to be heterogeneous.



Tabte 3

Seasonwise homogeneous sub-groups of treatments

Kharif 1973 Treatment No. 2 8 1 ) 4 6 5 7
Mean 1318 13 70 13.78 13.81 14,81 14.34 15.71 15.97
Kharif 1974 Treatment Mo. 8 4 2 6 1 7 5 3
Mean 13,35 13.45 1375 14.13 1423 14.65 15.C5 15.35
Kharif 1975 Treatment No. 4 2 8 6 3 7 1 5
Mean 14.15 14,53 14.58 15.53 15.63 15.88 16.2 16.4
Rabi 1975 Treatment No. 4 2 1 8 3 6 7 5
Mean 8.5 9.35 9.75 10.43 10.63 10.68 11.5 11.83
Rabi 1976 Treatment No. 4 2 6 7 8 3 5 1
Mean 10.85 11.33 11.48 11.63 12.05 12.98 135 1388
Kharif 1977 Treatment No. 8 4 6 2 1 7 3 5
Mean 13.43 13.48 14.85 15.18 15.88 15.93 16,6 17.2
Kharif 1978 Treatment No. 4 8 6 2 7 3 5 1
Mean 145 14.65 15.63 16.03 17.2 174 17 98 18,03
Kharif 1979 Treatment No. 6 2 4 8 7 3 5 1
Mean 9,93 10.31 11.4 11.93 12.3 12.33 131 14
Rabi 1979 Treatment No. 2 4 6 8 7 5 3 1
Mean 6.13 6 35 8.05 8.35 9 23 988 10.98 11.18

U]

An unbroken line indicates a homogeneous sub-group
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Table 4

Regression coefficients and their students' t values

Treatment 'b' Value ‘1" Value
1 1.10 071
2 113 2.47
3 0.97 0.37
4 0.97 0.30
5 11 2.19
6 0.97 0.25
7 1.04 0.67
8 0.76 4.64

Since the errorswere heterogeneous, weighted analysis was used for testing
interaction.  In that analysis (Cochran & Cox 1957) the total sum of squares was
4655.69, sum of squares for places 4118.29, sum of squares due to treatments 314.95
and sum of squares due to interaction 222.44. The degree of freedom for error was
21. While testing for interaction 342.14 was found to be a chisquare with 714
degrees of freedom and as such interaction was present.

Since interaction was present, the means of treatments for the different
seasons were set out in a two way table.  Further analysis revealed that the treat-
ment were homogeneous.

The stability coefficients of treatments also tell the same story. The treat-
ments 2 and 8 had regression coefficients significantly different from 1. For other
treatments they were not significantly different from unity thereby indicating that
treatments 1,34,56 and 7 had average stability over all the seasons. Since treatment
2 had a regression co-efficient greater than unity it was adapted only to some seasons
i. e, it gave better yield in some seasons and poorer yields in some other seasons.
This was similar to the findings of Finlay and Wilkinson {1963; in barley varieties.
The treatment 8 had coefficient of stability.  This was similar to the findings of
Rawlo and Das (1978) on the effect of farm yard manure on the yield of wheat.

Thus the result obtained by the method of stability coefficients and those
obtained by the analysis of groups of experiments are equivalent The former has
the advantage of being simple. Further it reveals the interaction and stability simult-
aneously and helps to choose stable treatments based on their overall mean
performance. Analysis of groups of experiments is a protracted procedure and this
makes the regression approach more acceptable.
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Summary

A rigorous justification for the comparison of treatments bythe stability
approach initated by Finlay and Wilkinson (1963) has been attempted. The data on
Jaya variety of rice were analysed both by the method of stability co-efficients as also
by the method of analysis of groups of experiments. The results obtained by the
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