Theoretical and Applied Genetics 45, 143—149 (1974)
© by Springer-Verlag 1974

A Comparison of Different Stability Models in Wheat "
O. P. LUTHRA and R. K. SINGH

Haryana Agricultural University, Hissar (India)

Summary. Eight different varieties of wheat, namely $-308, WG-377, K-227, PV-18, HD-1941, HD-1949, C-306 and
C-281, were tested under twenty-four environments over two successive years. The models of Eberhart and Russell
(1966), Perkins and Jinks (1968a), and Freeman and Perkins (1971) were applied to study genotype-environment inter-
actions. The correlations between different environments were also determined and the partitioning of sum of squares
due to genotype X environment interaction attributable to each variety was done as suggested by Wricke (1962). The
term ‘ecovalence’ was used to signify this parameter. The major findings of the study were as follows:

(i) The models of Eberhart and Russell, and Perkins and Jinks, produced similar results with respect to both respon-

siveness (b) and stability (Sz). The pattern of b-values in Freeman and Perkins’ model was also similar to its pattern
using these two models.

(ii) The pattern of correlations between environments (#) for various genotypes showed high similarity with the
pattern of b-values obtained in various models. The varieties having high b-values were found to have high environ-
mental correlations and vice versa.

(iii) Ecovalence and Freeman and Perkins’ model were quite similar to each other for determining the stability of a
genotype, but the rank correlations between ecovalence and Eberhart ind Russell’s model were low. It was, however,
observed that the most stable varieties could be detected by using any of these models. Keeping in view the compu-
tational convenience, the use of correlation between environments (#) and ecovalence was suggested for predicting

responsiveness and stability of genotypes, respectively.

It is commonly observed that the relative perfor-
mance of different genotypes varies in different en-
vironments, i.e., there exists a genotype-environment
interaction. The occurrence of genotype-environ-
ment interactions has long provided a major challenge
to obtaining fuller understanding of the genetic con-
trol of variability. The study of genotype-environ-
ment interaction in its biometrical aspect is thus
important not only from the genetical and evolution-
ary points of view, but also is very relevant to pro-
duction problems of agriculture in general and to
plant breeding in particular (Breese, 1969).

In the past, the principal analytical approach has
been to estimate genotype-environment interaction
from the pooled analysis of variance (Immer ef al.,
1934; Salmon, 1951; Horner and Frey, 1957; Sandi-
son and Bartlett, 1958). These estimates were then
used to identify those environmental factors which
interacted more strongly with the genotypes so that
subsequent experiments might be modified accord-
ingly. This technique, however, could provide infor-
mation only on the existence of genotype-environ-
ment interaction and was unable to give any measure-
ment of the interaction of individual genotypes with
environment. An early attempt to obtain measure-
ments of the stability of individual lines was made by

* Part of a thesis submitted to Haryana Agricultural
University, Hissar, for partial fulfilment of the require-
ments of a Ph. D. degree.

Plaisted and Peterson (1959), but their method be-
comes cumbersome when a large number of genotypes
are tested. Recently, interest has been centred on
regression technique as an alternative method of
analysing the genotype-environment interaction. One
of the essential features in developing this technique
was to quantify the environment on the basis of mean
performance of test material. Originally suggested
by Yates and Cochran (1938), it has been modified
by different workers for use in breeding experiments
(Finlay and Wilkinson, 1963 ; Eberhart and Russell,
1966; Perkins and Jinks, 1968a, b; Breese, 1969;
Freeman and Perkins, 1971; Hardwick and Wood,
1972). The regression of genotype on environment
provides two simple measures of the genotypic chan-
ges to environments, namely, regression coefficient
and deviation from regression slope.

It is almost a rule that in all field trials one has to
choose the analysis of variance for testing the signi-
ficance of varietal performance under the given set
of conditions in which experiments are conducted.
It is easy to conceive that calculation would be simp-
ler if we had a method which was based on the infor-
mation available directly from such analysis of vari-
ance for estimating the stability of the variety. The
suggestion made by Wricke (1962) in this connection
merits special consideration.

With these points in view, the present investigation
was planned and the experiments were conducted to
compare the efficiency of the different models now in
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use for the estimation of genotype-environment inter-
action and the stability of the varieties, and to sug-
gest an easy alternative for the estimation of stability.

Material and Methods

The experimental material consisted of eight varieties
of wheat, S-308, WG-377, K-227, PV-18, HD-1941,
HD-1949, C-306 and C-281. These varieties were tested
under multi-environments, created by changing agro-
nomic treatments. Four doses of nitrogen (40, 80, 120,
160 kg N/ha), two spacings (17 cm; 22.5 cm) and three
dates of sowing (29th Oct., 29th Nov. and 29th Dec.)
were considered in all possible combinations. Each com-
bination represented one environment. The same set of
environmental combinations was tried in two successive
years, i.e. 1971—72 and 1972—73. The experiments
were laid out in a randomized block design with three re-
plications. The observations were recorded on ten ran-
domly selected plants from each plot for grain yield, num-
ber of ears per plant, number of grains per ear, 1000-grain
weight and plant height.

The data were first subjected to the analysis of variance
to test the significance of genotype X environment inter-
action. Various stability parameters (i.e. g, b and Sa)
were estimated using models proposed by Eberhart and
Russell (1966), Perkins and Jinks (1968a) and Freeman
and Perkins (1971).

Another parameter, the correlation between different
environments, was determined by the following formula:

S — Cov (%) (1)

= e
Vob, x o2,

where,
7§x) is the correlation between environment 1 and 2 for
character x of the ith variety;

x, = the measurement for » in environment 1;

%, = the measurement for # in environment 2;

Cov (x, xy) = Covariance between environment 1 and 2

for particular character x;
azl = Variance in x for environment 1;
o = Variance in # for environment 2.

Ecovalence, a term used for the relative contribution
by ith variety to the total genotype X environment inter-
action (Wricke, 1962), was calculated using the following
formula

Xi Xy X\
2 (”1'7 A ‘*) (2)
j q ? 24
where,
Xi  stands for a measurement on 7th variety in jth en-
vironment;
X;. = Sum of ¢th variety over all the environments (g);

Sum of jth environment over all the varieties (p);
is the number of environments;

X.;
q : )
P is the number of varieties.
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Results

Analysis of variance: A pooled analysis of variance
is presented in Table 1. The partitioning of variance
into various components revealed that a large por-
tion of variance for all characters was attributable
to varieties and environments. When tested against
genotype X environment interaction component, these
were found to be significant in most of the cases. The
results thus satisfied the basic requirement for such
studies, since they indicate that the average perfor-
mance of varieties with respect to yield and other
characters varied significantly in different environ-
ments and that the varieties also varied significantly
so far as their average performance over all the en-
vironments was concerned.

Comparison of various stability models: In Table 2,
b¥ stands for regression coefficient as per model given
by Eberhart and Russell (1966), §; is the regression
coefficient for Perkins and Jinks’ model (1968a)
and bF represents the regression coefficient under
Freeman and Perkins’ model (1971). Similarly,

Six and Siw represent variances of deviations
around the regression line under Eberhart and Russell
(1966) and Freeman and Perkins model (1971), re-
spectively.

From the data given in Table 2 on grain yield, the
following observations could be made: (i) The order
of ranking of various genotypes, both with respect to
response (b) and stability, was the same under Eber-
hart and Russell (1966) as with Perkins and Jinks
(1968a) model. This was expected because the latter
model, being b¥ — 1, is in no way different from the
former. (ii) The genotypes which were least responsi-
ve towards environmental changes (i.e., smaller b
values) were also those having the lowest environ-
mental correlations (r) and vice versa. For example,
K-227 had the lowest regression coefficient (0.428)
and also the lowest environmental correlations (0.335),
followed by HD-1941 (b = 0.620; 7 = 0.335). The
genotypes S-308, WG-377, PV-18, HD-1949, C-308
and C-281 had higher values of regression coefficient
and also exhibited higher values of environmental
correlation. The rank correlation between the pattern
of b and 7 for different varieties was 0.834. This show-
ed that values of b were closely comparable with the
values for environmental correlations. In other
words, the environmental correlations were as good
as regression coefficients (b) for predicting the re-

Table 1. Analysis of variance for cevtain quantitative trails pooled over forty-eight environments

D.F.

Source of variation Grain yield Ears per plant  Grains per ear 1000-grain weight Height
Environments (F) 48 16.579%* 0.245%* 59.310%* 64.263%* 505.202%*
Genotypes (G) 7 87.117** 0.270%* 1054.174** 580.588** 6227.342%%
G X E 329 4.288%* 0.019%** 15.628** 5.475%% 220.986**
Pooled error 768 0.604 0.008 8.413 4136

24.643

** gsignificant at 1 per cent level
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Table 2. Estimates of stability parameteys based on forty-eight environments

using various models for grain yield in wheat

Reg. coeff.

Genotypes g -+ d; oE 5 oF ¥ Ecovalence 53(}3} 5‘3(1«")
S-308 12.029 0.053* —0.047*% 0.445 0.518 144.298 1.437% 277.511
WG-377 13.109 0.902* —0.008* 0.686 0.525° 235.927 0.246 315.738
K-227 15.476 0.428%* —0.572% 0.316 0.335 120.388 0.227 242.314
PV-18 12.304 1.491* 0.491% 0.786 0.549 241.021 0.667 482.314
HD-1941 16.261 0.620* —0.380* 0.186 0.367 147.837 —0.137 509.561
HD-1949 12.852 1.526* 0.526* 0.865 0.564 165.070 0.801 264.870
C-306 14.274 1.010* 0.010* 0.643 0.381 186.307 2.204* 377.239
C-281 13.426 1.067* 0.067* 0.741 0.666 170.358 0.489 327.803
Rank correlations:  #s(bE:f;) = 1.00%* rs{ecov: E?z(}f)} = 0.35
#s(bE:bF) = 0.90%* rs{ecov: 52(1«*)} = 0.54
rs(dE:7) = 0.83* rs{S#E): Sar)} = —0.09

sponsiveness of the genotypes. As indicated by high
rank correlations (v, = 0.90), the regression coeffi-
cients of Freeman and Perkins’ model (b*) showed
a similar trend to those of Eberhart and Russell (5%).
Under both these models, the most responsive variety
was HD-1949, followed by PV-18 and C-281. In the
rest of the cases there were shifts of one position only.
For example, C-306, which occupied 4th position
under the Eberhart and Russell model, was ranked
5th under the Freeman and Perkins model. (iii)
There did not seem to be any correlation (r, = 0.35)
between the ranking pattern of varieties based on

ecovalence and gﬁ of Eberhart and Russell’s model.
In contrast, the ecovalence seemed to be highly

correlated with the S5 of Freeman and Perkins’ model
§§(F), the rank correlation being 0.45. However, the
ranking of varieties on the basis of S; of Eberhart and
Russell, §§<E), was not reflected by the ranking done

on the basis of Freeman and Perkins’ model, §§(F).
None of the varieties occupied a common position
under both models. This was also indicated by the

In Table 3, the various parameters of responsive-
ness and stability obtained by using different statisti-
cal models for number of ears per plant are given.
The behaviour of these parameters for ears per plant
seemed to be very similar to those for grain yield per
plant described above. The models of Eberhart and
Russell (1966) and Perkins and Jinks (1968a) gave
a similar picture for both response and stability. The
genotypes which were least responsive towards en-
vironmental variations (i.e., smaller b values) were
also those having the lowest environmental correla-
tions, and wice versa. For example, K-227 had the
lowest regression coefficient (0.36) and also the lowest
environmental correlation (0.11), followed by HD-
1041 (b = 0.69; 7 = 0.16), WG-377 (b = 0.95, 7 =
= 0.25) and S5-308 (b= 1.04, » = 0.25). PV-18,
HD-1949, C-306 and C-281 had higher values of re-
gression coefficient (b) and also showed higher values
for environmental correlation (#). The rank correla-
tion between regression coefficient and environmental
correlation was high and significant (r, = 0.834). In
other words, the environmental correlation was as

low and non-significant rank correlation (r, = 8&oo0d as regression cqefﬁcient 'for. predicting the re-
= —0.09). sponsiveness of a variety. As indicated by high and
Table 3. Estimates of stability pavameters based on forty-eight envivonments
ustng various models for ears per plant
Reg. coeff. o — e
Genotypes p + d; bE 8 oF 4 Ecovalence S4(r) Sa(F;
S-308 2.980 1.041* 0.041% 0.798 0.285 0.459 —0.044* 17.268
WG-377 2.967 0.949* —0.051* 0.340 0.249 0.463 —0.004 17.155
K-227 3.093 0.360* —0.640* 0.107 0.107 0.361 —0.004 16.335
PV-18 2.943 1.343* 0.343* 1.015 0.318 1.722 —0.020 19.751
HD-1941  3.151 0.687* —0.313* 0.059 1.005 0.155 —0.040*  19.751
HD-1949 3.001 1.094* 0.094* 1.194 0.390 0.708 —0.038* 17.586
C-306 3.107 1.316* 0.316* 1.472 0.437 1.164 —0.031% 18.542
C-281 3.043 1.207% 0.207* 0.657 0.504 0.486 —0.049* 18.045
Rank correlations:  #s(bE:f;) = 1.00%* relecov: 53(13)} = 0.16
rs(bE:BF) = 0.810* rslecov: Sigr)} = 0.03%*
rs(bF:y) = 0.834% re{§3@):§3(m} = 0.48
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significant rank correlation (7, == 0.81), the regression
coefficients of both Freeman and Perkins’ (1971) and
Eberhart and Russell’s models (1966) were equally
efficient in predicting the responsiveness of the varie-
ties. Under both these models, the least responsive
variety was K-227, followed by HD-1941 and WG-
377. In the rest of the cases, there were shifts of one
or two positions.

As in the case of grain yield per plant, the rank
correlation for number of ears per plant between
ecovalence and Siz was very low (r, = 0.16).
However, as indicated by high and significant rank
correlation (0.93), the ecovalence seemed to be highly
correlated with the S5 of Freeman and Perkins’
model §§(F). However, the ranking of genotypes on
the basis of 5‘3 of Eberhart and Russell §§(E) was not

similar to the ranking done on the basis of Freeman
and Perkins’ model (r, = 0.48).

The stability parameters, based on various models,
for number of grains per ear are given in Table 4.
Here again, the ranking under the models of Eberhart
and Russell (1966) and Perkins and Jinks (1968a)
was the same both for response and stability. As
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in the case of grain yield per plant and number of
ears per plant, the pattern of b values for this cha-
racter also was more or less similar to that of the
environmental correlations. Genotypes showing high
b-values were the ones which had high environmental
correlation as well. For example, WG-377, PV-18,
HD-1941, C-306 and C-281 had higher values of
regression coefficient and also of environmental
correlation. In contrast, the regression coefficients
under Freeman and Perkins’ (1971) and Eberhart and
Russell’s (1966) models indicated low correlation
(0.46). Similarly, the ecovalence was correlated nei-

ther with the S of Eberhart and Russell’s model nor
with Freeman and Perkins’ model as indicated by
low rank correlations i.e. 0.02 in both these cases.
K-227 was, however, the most stable variety under
both these situations. In contrast to the observa-
tions made for other characters, the rank correlation

between SZ(E) and Sf,(p) for grains per ear was high,
though none of the parents was found to occupy a
common position under both the models.

Perusal of the data in Table § on 1000-grain weight
clearly shows that the pattern of #* and bF and 7
values was similar over all the genotypes. The rank

Table 4. Estimates of stability parameters based on forty-eight envivonments

using vavious models for grains pev eav

7Reg. coeff: 7 —a —9
Genotypes  u -+ dj oF 5 WF v Ecovalence Sa(r) Sd(r)
5-308 33.459 0.838* —0.162 2.207 —0.121 695.251 15.502 3930.251
WG-377 42.852 1.167% 0.167* —0.034 0.076 903.028 13.239 3547.665
K-227 48.073 0.431 —0.569 —1.023 0.001 209.673 9.931 3516.231
PV-18 44.205 1.108* 0.018* 0.508 0.399 675.362 43.001 4368.404
HD-1941 45.238 1.195% 0.195* 0.340 0.067 585.850 4.546 3764.951
HD-1949  39.622 0.685* —0.315* 1.396 —0.025 336.198 19.783 3988.470
C-306 37.613 1.277* 0.277% 1.763 0.028 1021.766 5.049 3662.383
C-281 39.400 1.385% 0.850* 1.358 0.305 625.872 11.715 3853.221
Rank correla.btions: rs(bF:B;) = 1.00%* rslecov: 52(”} = 0.02
vo(bE:bF) = 0.46 rs{ecov: SiF)} = 0.02
rs(bE:v) = 0.572 ys{gg(n):g%m)} = 0.64
Table 5. Estimates of stability parameters based on forty-eight envivonments
using vavious models for 1000-grain weight
- Regcoeff. . .,
Genotypes u + d; be e /37* — b;’ 4 Ecovalence Sd(F) Sd(F)
S-308 47.045 0.870* —0.130%* —3.322 0.246 299.363 4.263 3243.033
WG-377 39.365 1.195* 0.195* 3.889 0.699 373.408 5.194 3767.806
K-227 47.968 0.667* —0.333* —3.656 0.210 96.681 0.096 2916.588
PV-18 36.265 0.913% —0.087* —2.100 0.538 230.044 3.764 3288.340
HD-1941 30.487 0.987* —0.013* —2.393 0.233 58.564 0.096 3090.232
HD-1949  39.832 0.707* —0.293*  —0.049 0.280 157.998 1.557 3551.675
C-306 44.500 1.086* 0.086* 1.112 0.592 300.682 5.299 3039.855
C-281 41.363 1.571 0.573* 1.423 0.623 285.224 4.711 3486.377
Rank correlations:  7(bE:f;) = 1.00* rs{ecov: Efz(g)} = 0.93%*
rs(bE:bF) = 0.81% rs{ecov: 53(1?)} = 0.39
vs(bE:r) = 0.834* 75{53(E):§5(F) = 0.34

Theoret. Appl. Genetics, Vol. 45, No. 4
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Table 6. Estimates of stability pavameiers based on fovty-eight envivonmenis
using various models for height

Reg. coeff. — —
Genotypes p + d; oE 5; oF 7 Ecovalence Sd(E) Sd(F)
S-308 87.784 0.717% —0.283* 1.601 0.582 17157.074 4.737 17872.016
WG-377 86.309 0.804* —0.196* 1.514 0.608 4756.933 4.961 17617.331
K-227 89.807 0.830* —0.170* 2.718 0.612 7660.991 1.355 18793.664
PV-18 84.493 0.397* —0.103* 1.936 0.424 6235.105 28.492 18548.301
HD-1941 72.218 0.575* —0.425% 1.038 0.398 4122.780 9.987 10892.224
HD-1949 66.528 .. 0.546* —0.454*  1.293 0.500 3118.749 1.183 10233.248
C-306 110.415 1.775% 0.775* 5.634 0.628 5687.819 66.029* 31453.260
C-281 111.834 1.851% 0.851% 4.662 0.619 24157.076 81.704* 31358.206
Rank correlations:  #s(bE:8;) = 1.00* rs{ecov: §02l(E)} = 0.39
rs(bB:bF) = 0.91%* 7${ecov: 53(1:)} = 0.70

rs(E:y) = 0.691

rs{gg(E) : 53(1«‘)} = 0.64

Table 7. Selection of stable genotypes using Si and ecovalence for various traits in wheat

Grain yield Ears per plant Grains per ear

1000-grain weight Plant height

=2

E?i Ecovalence 53 Ecoval. 5?1 Ecovalence 53 Ecovalence Sz Ecovalence
K-227 K-227 K-227 K-227 K-227 K-227 K-227 K-227 HD-1949 HD-1949
WG-377 WG-377 WG-377 WG-377 HD-1949 HD-1949 HD-1949 HD-1949 HD-1941 HD-1941
HD-1941 HD-1949 —_ —_ S-308 2C-81 HD-1941 HD-1941 S-308 C-306
C-281 S-308 — — HD-1941 HD-1941 PV-18 PV-18 WG-377 WG-377

correlation was very high and significant in all cases..
Contrary to the position with all other characters
described, the rank correlation between ecovalence
and Sﬁ(E) was very high and significant for 1000-grain
Weigllt, whereas the rank correlations between 53;(5)
and Sir, and between ecovalence and S were rela-
tively low.

~ For plant height also, the pattern of stability param-
eters was in no way different from those for other
characters {Table 6). The three parameters b%, bF,
and B, gave similar pictures. The rank correlation
between b values and the environmental correlations
were high (0.69). In this case also, the pattern of
genotypic rankings under ecovalence did not seem to
be reflected by the ranking pattern under Sig as
indicated by low rank correlation (0.39). On the
other hand, ecovalence showed a high association
with the S. HD-1949 showed high stability under
both ecovalence and Freeman and Perkins’ model.
The correlation between ranking pattern under
S?d(E) and Sﬁ(}-‘) was also hlgh (064)

These results have clearly shown that the rank
correlations between the rankings of parents based

on Sig and ecovalence for all the characters, except
1000-grain weight, were generally low. On the other

hand, ecovalence showed high correlation with Sﬁ of
Freeman and Perkins’ model. Table 7 shows the
most stable parents with regard to different charac-

ters, taking two criteria, evocalence and S, of

Theovet. Appl. Genetics, Vol. 45, No. 4

Eberhart and Russell’s model (1966), into considera-
tion. For 1000-grain weight, the same four parents,
ie. K-227, HD-1941, HD-1949 and PV-18, were
selected by both the criteria of selection. For two
other characters, grains per ear and plant height,
three out of four parents were common using both

criteria. For ears per plant, when considering S3only
two lines, K-227 ad WG-377, proved to be stable;
the same two lines were found to have the least
contribution to the genotype Xenvironment inter-
action variance under the ecovalence method also.
For grain yield also, the two most stable varieties
(K-227 and WG-377) were selected under both the
criteria. This clearly suggests that the most stable
varities may be spotted by both these methods,
though the ranking of least stable varieties under
ecovalence was not the same as under Eberhart and
Russell’s model.

Discussion

Plant Breeding is the exploitation of genetic varia-
bility which is, however, not directly measurable by
itself and has to be inferred from the phenotype. This
is further complicated by the fact that all genotypes
need not react in a similar way to changes in the
environment, that is to say, there is a genotype x
environment interaction. Screening of genotypes for
high stability under varying environmental conditions
has thus become an essential part of the breeding
programme. The three models used in the present
study, i.e. Eberhart and Russell (1966), Perkins and
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Jinks (1968a) and Freeman and Perkins (1971),
provide various estimates of stability parameters.
The two models, Perkins and Jinks’ model and Eber-
hart and Russell’s model, are associated with each

other such that x;, b; and S5 of the former is equiva-

lent to (u + d;), (1 + B;) and S of the latter, respec-
tively. Consequently, the ranking pattern of geno-
types under Perkins and Jinks’ model will be similar
to the pattern under Eberhart and Russell’s model,
and this was the case in the present investigation
also. Apparently, using Eberhart and Russell’s
model could give no additional information compared
with Perkins and Jinks’ model for these parameters.
Interestingly, the ranking pattern of the genotypes
for their responsiveness using b-values estimated on
the basis of Freeman and Perkins’ model was also
similar to the rankings done under the two models
described above. This clearly showed that any of the
three models could be used with almost equal effi-
ciency for selecting the desirable genotypes giving
higher response under favourable environments.

Another parameter which showed high association
with the pattern of regression coefficients obtained
under various models (b%, §; and b¥) was the correla-
tion coefficient () measured between different envi-
ronments for each genotype with regard to a specific
character at a time. IFor all those genotypes, where
the b-values were high for a particular character, the
environmental correlations were also high, and vice
versa. High and significant rank correlations were
established between these two parameters for all the
characters studied here. Clearly, the prediction of
most responsive variety may be made by studying
the environmental correlations as well. Similar ob-
servations were also made by Tehlan (1973) in
wheat.

Considering that in all field trials one has to use
variance analysis for testing the significance of geno-
typic, environmental and genotype X environmental
interactions, and if at the same time the sum of pro-
duct between two environments for a particular
character is also constructed and fed to the computer,
the estimation of the environmental correlations will
not require any additional computational cost. The
estimation of b-values is comparatively complicated
and time consuming as well. Actually, the estimation
of correlation (#) falls well in the pathway of variance
analysis and hence is easjer to compute than the esti-
mation of b-values, which requires a separate path-
way for computation.

For the stability parameter, the ranking of geno-
types under Perkins and Jinks’ model was the same
as under Eberhart and Russell’s model. However,
the rankings under these two models were not reflect-
ed by the ranking on the basis of S; estimated by
Freeman and Perkins’ model. The rank correlations
were low for all the characters. In contrast, the ran-
king on the basis of ecovalence was very similar to
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the ranking based on S; of Freeman and Perkins
model. The rank correlations for these two models

. were high as well as significant. As a matter of fact,

the comparison between the stability models ended
here because there was no basis on which to speak
about the superiority or inferiority of one model over
the other, as no statistical test was applied to assess
the extent of precision of estimates under these
models. It was, however, evident that the two mo-

dels, ecovalence and the Sfl(p), gave similar results,
whereas Eberhart and Russell’s model presented, in
general, a different picture of stability of various
genotypes. Further, as stated by Freeman and Per-
kins (1971), the stability parameters under Eberhart
and Russell’s model were based on a regression model
which did not fulfil the fundamental statistical as-
sumptions. Conclusively, more reliance should be
placed on the stability parameters estimated on the
basis of the statistical technique proposed by Free-
man and Perkins (1971) in which the necessary as-
sumptions were taken fully into account. Considering
that ecovalence was highly associated with Freeman
and Perkins’ model and was also more convenient
from a computational point of view, ecovalence
should be given preference to other methods for
predicting the stability in performance of a genotype.

A simple empirical basis was used for comparing
ecovalence and Eberhart and Russell’s model. By
using these two models independently, the few most
stable varieties were selected with regard to each
character. Interestingly, the most stable genotypes
were found to be the same under both these criteria
of selection. For example, K-227 and WG-377 were
found to be the most stable varieties for grain yield
under both criteria. For other characters also, the
most stable varieties were always the same irrespec-
tive of whether the selection criterion was ecovalence
or Eberhart and Russell’s model. This clearly showed
that so far as the selection of a few stable genotypes
was concerned, each of the two models was equally
effective. The problem arose only with the ranking
of less stable genotypes, whose positions differed
greatly under these two models. If, therefore, a
breeder’s interest is only to spot the most stable
genotypes, it is immaterial, so far as efficiency is
concerned, which of these two techniques is followed.
However, considering the simple and direct computa-
tional steps involved in the ‘ecovalence’, one would
definitely prefer this model. Ecovalence falls well in
the pathway of variance analysis and variance ana-
lysis is a must for testing the significance of genotype
x environmental interaction. The estimation of eco-
valence would not require much additional computa-
tional complication because when the sum of squares
due to genotypexenvironmental interaction is
constructed, it would be possible to partition this
sum of squares into different parts attributable to
each genotype. It is known that the sum of squares
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due to genotype Xenvironment interaction is equal
to:
xx—Lyxr_Lyxr g 1y
;%‘ i p§ 5 qu TR (3)
whereas ‘ecovalence’ as given under ‘Material and
Method’ {equation 2) may also be expressed as fol-
lows:

2 2 1 9 1
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(4)
It is easy to show that a summation of this equation
(4) over all the genotypes (i) would give;
SEXY-ZEX 4 YK - LY X+
T 7 2 P 5 7%
2 oo A
Tr T hg
which ultimately is the same as equation 3 (Wricke,
1962).

This means that both these components can be
calculated simultaneously and without any additional
shift in the flow of the data in the computer. Keeping
computational convenience and efficiency in view, it
may be concluded that the two parameters, i.e.
correlation between environments and the ecovalence,
may be given preference for predicting the response
and the stability, respectively, without any loss of
precision.
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