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A Comparison of Different Stability Models in Wheat  * 

O. P. LUTHRA and R. K. SlNGI-I 

H a r y a n a  Agricultural University,  Hissar (India) 

Summary. Eight different varieties of wheat, namely S-308, WG-377, K-227, PV-18, HD-t94t ,  HD-t949, 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 • 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 (S~). 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 (r) 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 and Russell's model were low. I t  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. 

I t  is commonly  observed tha t  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 maj or challenge 
to obtaining fuller unders tanding of the genetic con- 
trol  of variabil i ty.  The s tudy  of genotype-environ- 
merit interaction in its biometrical  aspect is thus 
impor tan t  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 part icular  (Breese, 1969). 

In the past ,  the principal analytical  approach has 
been to est imate genotype-environment  interaction 
f rom the pooled analysis of variance ( Immer  et at., 
t934; Salmon, 1951; H o m e r  and Frey, t957; Sandi- 
son and Bart le t t ,  1958). These est imates were then 
used to identify those environmental  factors which 
interacted more s trongly with the genotypes so tha t  
subsequent experiments  might  be modified accord- 
ingly. This technique, however, could provide infor- 
mat ion 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 a t t empt  to obtain measure- 
ments  of the s tabi l i ty  of individual lines was made by  
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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 al ternat ive method of 
analysing the genotype-environment  interaction. One 
of the essential features in developing this technique 
was to quant i fy  the environment  on the basis of mean 
performance of test  material .  Originally suggested 
b y  Yates and Cochran (t938), i t  has been modified 
by  different workers for use in breeding experiments  
(Finlay and Wilkinson, t963; Eberhar t  and Russell, 
1966; Perkins and Jinks, 1968a, b; Breese, 1969; 
Freeman and Perkins, t971; Hardwick  and Wood, 
t972). The regression of genotype on environment  
provides two simple measures of the genotypic  chan- 
ges to environments,  namely,  regression coefficient 
and deviat ion from regression slope. 

I t  is almost a rule tha t  in all field trials one has to 
choose the analysis of variance for test ing the signi- 
ficance of varietal  performance under the given set 
of conditions in which experiments  are conducted. 
I t  is easy to conceive tha t  calculation would be simp- 
ler if we had a method  which was based on the infor- 
mat ion available directly f rom such analysis of vari-  
ance for est imating the s tabi l i ty  of the variety.  The 
suggestion made b y  Wricke (t962) 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 es t ima t ion  of g e n o t y p e - e n v i r o n m e n t  in ter-  
ac t ion  and  the s t ab i l i t y  of the varieties,  and  to sug- 
gest an easy a l t e rna t ive  for the es t ima t ion  of s tabi l i ty .  

Material and Methods 

The experimental material consisted of eight varieties 
of wheat, S-308, WG-377, K-227, PV-I8, HD-1941, 
HD-1949, C-3O6 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 subj ected to the analysis of variance 
to test the significance of genotype • environment inter- 
action. Various stabili ty parameters (i.e. t*, b and S}) 
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: 

r~X/  _ Coy (.~, x~) (,) 

X2 

where,  

r~ ~) is the correlation between environment I and 2 for 
character x of the ith variety ; 

x 1 = the measurement for x in environment  I ; 
x~ = the measurement for x in environment  ~; 
Cov (x> x~) = Covariance between environment  I and 2 

for particular character x; 
ax~ ---- Variance in x for environment  1 ; 
o2,, = Variance in x for environment 2. 

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

Xi. X.  i 
q P pq" 

(2) 

where, 

Xii stands for a measurement on ith variety in jth en- 
vironment  ; 

.Xi. = Sum of i th variety over all the environments (q); 
X. i = Sum of jth environment  over all the varieties (p) ; 
q is the number  of environments;  
p is the number  of varieties. 

Results 

Analys is  o/variance" A pooled analysis  of var iance  
is presented in Table  I. The pa r t i t i on ing  of var iance  
i n to  var ious components  revealed tha t  a large por- 
t ion  of var iance for all characters  was a t t r i bu t ab l e  
to variet ies  and  env i ronments .  When  tested against  
genotype  • e nv i r onme n t  in te rac t ion  component ,  these 
were found to be s ignif icant  in most  of the cases. The 
results thus  satisfied the basic r equ i rement  for such 
studies,  since they  indicate  tha t  the average perfor- 
mance  of varieties wi th  respect to yield and  other  
characters  var ied s igni f icant ly  in different envi ron-  
ments  and  tha t  the varieties also var ied s igni f icant ly  
so far as their  average performance over all the e n -  
v i ronmen t s  was concerned.  

Comparison o/ various stability models: In  Table  2, 
b ~ s tands  for regression coefficient as per model  given 
by  Ebe rha r t  and  Russell  (1966), /5i is the regression 
coefficient for Perkins  and  J inks '  model  ( t968a) 
and  b F represents  the regression coefficient unde r  
F r e e ma n  and  Perk ins '  model  ( t97t) .  Similarly,  
- - 2  2 
Sd(e) and  S~(F) represent  var iances  of dev ia t ions  
a round  tile regression line unde r  Ebe rha r t  and  Russell  
(1966) and  Freeman  and Perkins model  (197t), re- 
spectively.  

F rom the da ta  given in Table  2 on grain yield, the 
following observat ions  could be made:  (i) The order 
of r ank ing  of various genotypes,  bo th  wi th  respect to 
response (b) and  s tabi l i ty ,  was the same unde r  Eber-  
har t  and  Russell (t966) as wi th  Perkins  and  J inks  
( t968a) model. This was expected because the la t te r  
model,  being b E --  t, is in no way different from the 
former. (ii) The genotypes  which were least responsi-  
ve towards e nv i r onme n t a l  changes (i.e., smaller  b 
values) were also those hav ing  the lowest envi ron-  
rnenta l  correlat ions (r) and  vice versa. For  example,  
K-227 had the lowest regression coefficient (0.428) 
and  also the lowest e n v i r o n m e n t a l  correlat ions (0.335), 
followed by  H D - t 9 4 t  (b = 0.620; r = 0.335). The 
genotypes  S-308, WG-377,  PV-18, HD-t949 ,  C-308 
and  C-281 had higher values of regression coefficient 
and  also exhibi ted  higher values of e n v i r o n m e n t a l  
correlation.  The rank  correlat ion between the pa t t e rn  
of b and  r for different variet ies  was 0.834. This show- 
ed t ha t  values of b were closely comparable  wi th  the 
values for e nv i r onme n t a l  correlations.  In  other  
words, the env i ronmen ta l  correlat ions were as good 
as regression coefficients (b) for predic t ing  the re- 

Table t. Analysis of variance for certain quantitative traits pooled over forty-eight environments 

Source of variation D.F. Grain yield Ears per plant Grains per ear 1000-grain weight Height 

Environments  (E) 48 16.579"* 0.245** 59.310"* 64.263** 595.202** 
Genotypes (G) 7 87.1t7"* 0.270** 1054.1 7~** 580.588** 6227.342** 
G • E 329 4.288** 0.019"* 15.628"* 5.475** 220.986** 
Pooled error 768 0.604 0.008 8.413 4.136 24.643 

** significant at I per cent level 
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Table 2. Estimates of stability parameters based on forty-eight environments 
using various models for grain yield in wheat 

Reg. coeff. 
--2 --9 Genotypes /~ + di r Ecovalence Sd(E) Sd(F) 

b E fli b b" 

S-308 12.029 0.953* --0.047* 0.445 0.518 t44.298 1.437" 277.511 
WG-377 13.109 0.902* --0.098" 0.686 O.525 ' 235.927 0.246 315.738 
K-227 15.476 0.428* --0.572* 0.3t6 0.335 t20.388 0.227 242.314 
PV-18 12.304 t.491" 0.491" 0.786 0.549 241.021 0.667 482.314 
HD-194t t6.261 0.620* --O.38O* 0.t86 0.367 147.837 --0.137 509.561 
HD-1949 12.852 t.526" 0.526" O.865 0.564 t65.070 0.801 264.870 
C-306 14.274 1.010" 0.010" 0.643 0 .38 t  186.307 2.204* 377.239 
C-281 13.426 t.067" 0.067* 0.741 0.666 170.358 0.489 327.803 

Rank correlations : rs(bl~:flr = t.00"* 
rs(b'~:b F) = 0.90** 

rs(bE:r) = 0.83* 

rs(eCov : - 2  Sd(E)} = 0.35 

rs{ecov: St(F)} = 0.54 
- -2  --2 rs{Sd(E):Sa(e)} = --0.09 

spons iveness  of the  geno types .  As i n d i c a t e d  b y  h igh  
r a n k  co r re l a t ions  (r~ = 0.90), the  regress ion coeffi-  
c ien ts  of F r e e m a n  and  Pe rk ins '  m o d e l  (b f)  showed 
a s imi la r  t r e n d  to  those  of E b e r h a r t  a n d  Russel l  (b~). 
U n d e r  b o t h  these  models ,  the  mos t  r e spons ive  v a r i e t y  
was H D - t 9 4 9 ,  fol lowed b y  P V - t 8  and  C-28t.  In  the  
res t  of the  cases the re  were shif ts  of one pos i t i on  only.  
F o r  example ,  C-306, which  occup ied  4 th  pos i t i on  
u n d e r  the  E b e r h a r t  a n d  Russe l l  model ,  was r a n k e d  
5th unde r  t he  F r e e m a n  and  Pe rk ins  model .  (iii) 
There  d id  no t  seem to be  a n y  cor re la t ion  (r s = 0.35) 
be tween  the  r a n k i n g  p a t t e r n  of va r i e t i e s  b a s e d  on 

ecovalence  and  S~ of E b e r h a r t  a n d  Russe l l ' s  model .  
In  con t ra s t ,  t he  ecovalence  seemed  to  be h igh ly  

co r r e l a t ed  w i th  the  SJ of F r e e m a n  a n d  Pe rk ins '  m o d e l  
~2 d(F), t he  r a n k  cor re la t ion  be ing  0.45. However ,  the  

Sd of E b e r h a r t  and  r a n k i n g  of va r i e t i e s  on the  bas is  of -2 

Russel l ,  S~(E), was no t  re f lec ted  b y  the  r a n k i n g  done 

on the  bas is  of F r e e m a n  a n d  Pe rk ins '  model ,  S~(F). 
None  of the  va r i e t i e s  occup ied  a c o m m o n  pos i t i on  
u n d e r  b o t h  models .  This  was also i n d i c a t e d  b y  the  
low and  non-s ign i f i can t  r a n k  cor re la t ion  (r, = 
= - -0 .09) .  

I n  Tab le  3, the  va r ious  p a r a m e t e r s  of r espons ive-  
ness and  s t a b i l i t y  o b t a i n e d  b y  us ing  d i f fe ren t  s t a t i s t i -  
cal  mode l s  for n u m b e r  of ears  per  p l a n t  are  given.  
The  b e h a v i o u r  of these  p a r a m e t e r s  for  ears  pe r  p l a n t  
seemed  to  be v e r y  s imi la r  to  those  for g ra in  y ie ld  pe r  
p l a n t  desc r ibed  above .  The  models  of E b e r h a r t  a n d  
Russel l  (1966) a n d  Pe rk ins  and  J i n k s  (1968a) gave  
a s imi la r  p i c tu re  for b o t h  response  a n d  s t a b i l i t y .  The  
g e n o t y p e s  which  were leas t  r e spons ive  t o w a r d s  en- 
v i r o n m e n t a l  va r i a t i ons  (i.e., smal le r  b values)  were 
also those  hav ing  the  lowest  e n v i r o n m e n t a l  corre la-  
t ions ,  and  vice versa. F o r  example ,  K-227 h a d  the  
lowest  regress ion coeff icient  (0.36) and  also the  lowest  
e n v i r o n m e n t a l  cor re la t ion  (0 . t t ) ,  fo l lowed b y  H D -  
194t (b = 0.69; r = 0.16), WG-377  (b = 0.95, r - -  
= 0.25) and  S-308 (b = 1.04, r = 0.25). PV-18,  
HD-1949,  C-306 and  C-281 h a d  h igher  va lues  of re-  
gress ion coeff ic ient  (b) a n d  also showed h igher  va lues  
for e n v i r o n m e n t a l  cor re la t ion  (r). The  r a n k  corre la-  
t ion  be tween  regress ion coeff ic ient  and  e n v i r o n m e n t a l  
co r re la t ion  was h igh  and  s ign i f ican t  (G = 0.834). In  
o the r  words,  the  e n v i r o n m e n t a l  co r re la t ion  was as 
good  as regress ion coeff ic ient  for p r e d i c t i ng  the  re- 
spons iveness  of a va r i e ty .  As i n d i c a t e d  b y  h igh  and  

Table 3. Estimates of  stability parameters based on forty-eight environments 
using various models for ears per plant 

Genotypes # + di 
Reg. coeff. 

b E fll b F 
r 2  - - 2  

r Ecovalence Sd(E) Sd(F} 

S-3o8 2.980 1.041 * 0.041 * 0.798 
WG-377 2.967 0.949* --o.051 * 0.340 
K-227 3.093 0.360* --0.640* 0.107 
PV- t8  2.943 1.343" 0.343* 1.o15 
HD-1941 3.151 0.687* --o.313" 0.o59 
HD-1949 3.OOl 1.o94" 0.094* 1.194 
C-3o6 3.1o7 1.316" o.316" 1.472 
C-28t 3.o43 1.207* 0.207* 0.657 

0.285 0.459 --0.044* 17.268 
0.249 0.463 --0.004 17.155 
o.107 o.361 --0.o04 16.335 
0.318 1.722 --o.o2o 19.751 
1.005 0.155 --0.049* 19.751 
0.390 0.708 --0.038* 17.586 
0.437 1.t64 --0.o31" 18.542 
0.504 o.486 -- O.O49* 18.045 

Rank correlations : r~(bE:/3i) = 1.oo** 
r s ( b E : f l  F) = 0 . 8 t 0 "  

rs(bF:r) = 0.834* 

rs{ecov : -" Sd(E)} = 0.16 

rs{eCov: -5~(F)} = 0.93** 

re' t ,bd{E):,  d(F)] = 0 . 4 8  
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s ign i f i can t  r a n k  cor re la t ion  (r~ ----- 0.8t) ,  the  regress ion 
coeff ic ients  of b o t h  F r e e m a n  and  Pe rk ins '  (t971) and  
E b e r h a r t  a n d  Russe l l ' s  models  (1966) were equa l ly  
eff ic ient  in p r e d i c t i n g  the  respons iveness  of the  var ie -  
t ies .  U n d e r  b o t h  these  models ,  the  leas t  respons ive  
v a r i e t y  was K-227,  fo l lowed b y  HD- t941  a n d  W G -  
377. In  the  res t  of the  cases, the re  were shif ts  of one 
or  two pos i t ions .  

As in the  case of g ra in  y ie ld  pe r  p lan t ,  the  r ank  
co r re l a t ion  for n u m b e r  of ears  per  p l a n t  be tween  

ecova lence  and  S~(~) was v e r y  low (r~ ~ 0.16). 
However ,  as i n d i c a t e d  b y  high and  s igni f icant  r a n k  
co r re l a t ion  (0.93), the  ecovalence  seemed to be h igh ly  
co r r e l a t ed  w i th  the  ~2 d of F r e e m a n  and  Pe rk ins '  
mode l  ~2 a(F). However ,  the  r a n k i n g  of geno types  on 

the  basis  of S~ of E b e r h a r t  and  Russel l  S~(E~ was no t  
s imi la r  to  the  r a n k i n g  done  on the  basis  of F r e e m a n  
a n d  Pe rk ins '  mode l  (r~ = 0.48). 

The  s t a b i l i t y  p a r a m e t e r s ,  ba sed  on var ious  models ,  
for  n u m b e r  of g ra ins  per  ear  are g iven in Table  4. 
Here  again ,  the  r a n k i n g  unde r  the  models  of E b e r h a r t  
and  Russel l  (1966) and  Pe rk ins  and  J i n k s  (1968a) 
was the  same b o t h  for response  and  s t ab i l i t y .  As 

in the  case of gra in  y ie ld  per  p l a n t  a n d  n u m b e r  of 
ears  per  p l an t ,  the  p a t t e r n  of b va lues  for th is  cha-  
r ac t e r  also was more  or  less s imi lar  to  t h a t  of the  
e n v i r o n m e n t a l  corre la t ions .  Geno types  showing  high 
b-values were the  ones which had  high e n v i r o n m e n t a l  
cor re la t ion  as well. F o r  example ,  W G - 3 7 7  , PV-18, 
HD-1941,  C-306 a n d  C-281 had  h igher  va lues  of 
regression coeff icient  and  also of e n v i r o n m e n t a l  
cor re la t ion ,  In  con t ras t ,  the  regression coeff ic ients  
under  F r e e m a n  and  Perk ins '  ( t97 t )  and  E b e r h a r t  and  
Russel l ' s  (1966) models  i n d i c a t e d  low cor re la t ion  
(0.46). S imi lar ly ,  the  ecovalence  was co r re l a t ed  nei-  

the r  wi th  the  S~ of E b e r h a r t  and  Russel l ' s  mode l  nor  
w i th  F r e e m a n  and  Perk ins '  mode l  as i n d i c a t e d  b y  
low r a n k  cor re la t ions  i.e. 0.02 in b o t h  these  cases. 
K-227 was, however ,  the  mos t  s tab le  v a r i e t y  u n d e r  
b o t h  these  s i tua t ions .  In  con t r a s t  to  the  observa-  
t ions  made  for o the r  charac te rs ,  the  r a n k  cor re la t ion  

be tween  SJ(~) and  SJ(F) for gra ins  per  ear  was high, 
t h o u g h  none  of the  pa r e n t s  was found  to  occupy  a 
common  pos i t ion  under  b o t h  the  models .  

Pe rusa l  of the  d a t a  in Table  5 on t000-gra in  weight  
c lea r ly  shows t h a t  the  p a t t e r n  of b ~ and  b F and  r 
values  was s imi lar  over  all  the  genotypes .  The  r a n k  

Table 4. Est imates  of  stability parameters based on forty-eight environments 
using various models for grains per ear 

Reg. coeff. 
Genotypes # + di r 

b E fli bF 

S-308 33.459 0.838" --0.162 2.2o7 --0.121 
WG-377 42.852 1.167" o. t67" --0.o34 0.076 
t~-227 48.073 0.431 --0.569 --1.023 0.001 
19V-I 8 44.205 1.108" 0.018" 0.508 0.399 
HD-1941 45.238 1.195" 0.195" 0.340 0.067 
HD-1949 39.622 0.685* --0.315* 1.396 --0.025 
C-306 37.613 1.277" o.277" 1.763 0.028 
C-281 39.400 1.385" 0.85o* 1.358 0.305 

Ecovalence ~2 - 2 . d(E) Sd(F) 

695.251 t5.502 3930.251 
903.028 t3.239 3547.665 
299.673 9-931 3516.231 
675.362 43.001 4368.404 
585.850 4.546 3764.951 
336.198 t9.783 3988.470 

1021.766 5.049 3662.383 
625.872 tt .715 3853.221 

Rank correlations: rs(bE:fli) = 1.00"* rs{ecov: Sd(E)}-e = 0.02 

rs(bE:b p) = 0.46 rs{eCov: �9 d (F)}  0 . 0 2  
72 = rs(bE:r) = 0.572 rs{. a(E):o~,~(F)} 0.64 

Table 5. Estimates of  stability parameters based on forty-eight environments 
using various models for  looo-grain weight 

Reg. coeff. 
Genotypes u -b di - r Ecovalence S~(E) 

b E fli b F 
- - 2  
Sd(F) 

S-308 47.045 0.870* --o.130" --3.322 0.246 299.363 4.263 
WG-377 39.365 1.195" 0.195" 3.889 0.699 373.408 5.194 
14-227 47.968 o.667* --0.333* --3.656 0.2t0 96.681 0.096 
PV- t8  36.265 o.913" --0.087* --2.100 0.538 230.044 3.764 
HD-194t 30.487 0.987* --0.013" --2.393 0.233 58.564 0.096 
1-ID-1949 39.832 0.707* --0.293* --0.049 0.280 t57.998 1.557 
C-306 44.500 1.086" 0.086* 1.112 0.592 300.682 5.299 
C-281 41.363 1.571 0.573* 1.423 0.623 285.224 4.711 

Rank correlations: rs(bE:fli) = 1.00" rs{eCov: S~(E)} = 0.93** 
rs(bE:b F) 0.81 * rs{eCov: -2 = Sa(F)} = 0.39 

- - 2  - - 2  
rs(bE:r) = 0.834* rs{Sd(E):Sd(F) = 0.34 

3243.033 
3767.806 
2916.588 
3288.340 
3090.232 
3551.675 
3039.855 
3486.377 
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Table 6. Estimates of stability parameters based on forty-eight environments 
using various models for height 

t47 

Genotypes 
Reg. coeff. 

# +di  r Ecovalence S,~(E) 
b E fli bF 

S-3o8 
WG-377 
K-227 
PV-t8 
HD-194t 
HD-1949 
C-306 
C-281 

87.784 o.7t7" --0.283* t.601 0.582 17157.074 4.737 
86.309 0.804* --0.196" 1.5t4 o.608 4756.933 4.961 
89.807 0.830* --o.17o* 2.718 0.6t2 7660.991 1.355 
84.493 0.897* --0.to3" 1.936 0.424 6235.105 28.492 
72.218 0.575* --0.425* 1.o38 0.398 4t22.78o 9.987 
66.528 �9 0.546* --0.454* t.293 0.500 3118.749 1.183 

110.415 1.775" .0.775* 5.634 0.628 5687.819 66.029* 
1tt.834 1.85t* 0.851" 4.662 o.619 24157.076 8t.704" 

t7872.ot6 
t7617.331 
18793.664 
18548.301 
10892.224 
10233.248 
31453.26o 
31358.2o6 

Rank correlations : rs(bE:fli) = t.00" rs{eCov: S~(E)} = 0.39 
rs(bE:b F) = 0.91"* rs{eCov: S~(F)} = 0.70 
rs(bE:r) = 0.691 rs{S~(F):-S~d(F)} = 0.64 

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

Grain yield Ears per plant Grains per ear 1000-grain weight Plant height 

S~ Ecovalence S~ Ecoval. S~ Ecovalence S~ Ecovalence S~ Ecovalenee 

K-227 K-227 142-227 K~227 K-227 IZ-227 K-227 K-227 HD-1949 HD-1949 
WG-377 WG-377 WG-377 WG-377 HD-1949 HD-1949 HD-1949 HD-t949 HD-1941 HD-1941 
HD-1941 HD-t949 -- -- S-308 2C-81  HD-194t HD-t941 S-308 C-306 
C-28t S-308 -- -- HD-1941 HD-t941 PV-18 PV-I8 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 ~2 d(~) was very high and significant for 1000-grain 

--2 weight, whereas the rank correlations between Sd(~) 
and ~2 d(F) and between ecovalence and -2 Sd(D were rela- 
t ively  low. 

For  plant  height also, the pa t te rn  of s tabi l i ty  param-  
eters  was in no way different from those for other 
characters (Table 6). The three parameters  b E, b F, 
and /5~ gave similar pictures. The rank  correlation 
between b values and the environmental  correlations 
were high (0.69). In  this case also, the pa t te rn  of 
genotypic rankings under ecovalence did not seem to 
be reflected by  the ranking pa t t e rn  under  S~(~) as 
indicated by  low rank  correlation (0.39). On the 
other hand, ecovalence showed a high association 
with the ~2 d(F). HD-1949 showed high stabi l i ty  under  
bo th  ecovalence and Freeman and Perkins '  model. 
The correlation between ranking pa t te rn  under  
~ 2  --2 

dr and Sd(F) was also high (0.64). 

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

--2 
on SdCE) and ecovalence for all the characters,  except 
1000-grain weight, were generally low. On the other 
hand, ecovalence showed high correlation with ~2 d 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 
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Eberhar t  and Russell 's model (1966), into considera- 
tion. For 1000-grain weight, the same four parents,  
i.e. K-227, HD-194t ,  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 bo th  
criteria. For ears per plant ,  when considering S~ only 
two lines, K-227 ad WG-377, proved to be stable;  
the same two lines were found to have the least 
contr ibution to the g e n o t y p e •  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  bo th  the 
criteria. This clearly suggests tha t  the most  stable 
rar i t ies  m a y  be spot ted by  bo th  these methods,  
though the ranking of least stable varieties under  
ecovalence was not  the same as under Eberhar t  and 
Russell 's model. 

D i s c u s s i o n  

Plant  Breeding is the exploitat ion of genetic varia-  
bil i ty which is, however, not directly measurable  by  
itself and has to be inferred from the phenotype.  This 
is further  complicated by  the fact tha t  all genotypes 
need not  react in a similar way to changes in the 
environment,  tha t  is to say, there is a genotype  • 
environment  interaction. Screening of genotypes  for 
high stabi l i ty  under varying environmental  conditions 
has thus become an essential par t  of the breeding 
programme.  Tile three models used in the present  
study, i.e. Eberhar t  and Russell (1966), Perkins and 
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Jinks (1968a) and Freeman and Perkins (t971), 
provide various est imates of s tabil i ty parameters .  
The two models, Perkins and J inks '  model and Eber-  
hart  and Russell 's model, are associated with each 
other such tha t  x,:, b i and S~ of the former is equiva- 
lent to (/~ + di), (t +/54) and S~ of the latter,  respec- 
tively. Consequently, the ranking pat tern  of geno- 
types under Perkins and J inks '  model will be similar 
to the pa t te rn  under Eberhar t  and Russell 's model, 
and this was the case in the present investigation 
also. Apparent ly ,  using Eberhar t  and Russell 's 
model could give no additional information compared 
with Perkins and J inks '  model for these parameters .  
Interest ingly,  the ranking pat tern  of the genotypes 
for their  responsiveness using b-values est imated on 
the basis of Freeman and Perkins '  model was also 
similar to the rankings done under the two models 
described above. This clearly showed tha t  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  pa ramete r  which showed high association 
with the pa t te rn  of regression coefficients obtained 
under various models (b ~,/5 i and b F) was the correla- 
tion coefficient (r) measured between different envi- 
ronments  for each genotype with regard to a specific 
character  at a time. For all those genotypes, where 
the b-values were high for a part icular  character,  the 
environmenta l  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 var ie ty  may  be made by  studying 
the environmental  correlations as well. Similar ob- 
servations were also made by  Tehlan (1973) in 
wheat.  

Considering tha t  in all field trials one has to use 
variance analysis for test ing the significance of geno- 
typic,  environmental  and genotype • environmental  
interactions, and if at the same t ime the sum of pro- 
duct between two environments  for a particular 
character  is also constructed and fed to the computer,  
the est imation of the environmental  correlations will 
not require any addit ional computat ional  cost. The 
est imation of b-values is comparat ively  complicated 
and t ime consuming as well. Actually, the est imation 
of correlation (r) falls well in the pa thway  of variance 
analysis and hence is easier to compute than the esti- 
mat ion of b-values, which requires a separate path-  
way for computa t ion .  

For the s tabi l i ty  parameter ,  the ranking of geno- 
types  under  Perkins and J inks '  model was the same 
as under Eberhar t  and Russell 's model. However, 
the rankings under these two models were not reflect- 
ed by  the ranking on the basis of S~ est imated 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 

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 mat te r  of fact, 
the comparison between the stabil i ty 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. I t  was, however, evident tha t  the two mo- 

- -2  dels, ecovalence and the SdIF), gave similar results, 
whereas Eberhar t  and Russell 's model presented, in 
general, a different picture of stabil i ty of various 
genotypes. Further,  as s ta ted by Freeman and Per- 
kins (t971), the stabil i ty parameters  under Eberhar t  
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 stabil i ty parameters  est imated on the 
basis of the statistical technique proposed by Free- 
man and Perkins (t97t) 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 computat ional  point of view, ecovalence 
should be given preference to other methods for 
predicting the stabil i ty in performance of a genotype. 

A simple empirical basis was used for comparing 
ecovalence and Eberhar t  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- 
t ive of whether the selection criterion was ecovalence 
or Eberhar t  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 
great ly 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-  
t ional steps involved in the 'ecovalence',  one would 
definitely prefer this model. Ecovalence falls well in 
the pa thway of variance analysis and variance ana- 
lysis is a must for testing the significance of genotype 
•  interaction. The estimation of eco- 
valence would not require much additional computa-  
tional complication because when the sum of squares 
due to geno type•  interaction is 
constructed, it would be possible to part i t ion this 
sum of squares into different parts  a t t r ibutable  to 
each genotype. I t  is known that  the sum of squares 
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due  to  g e n o t y p e •  i n t e r a c t i o n  is equal  
t o :  

22 22 x~. - i E xyj - i 22 x~.~ + ! x ~  (3) 
i j " " 

whereas  ' ecova lence '  as g iven  u n d e r  'Ma te r i a l  a n d  
Me thod '  ( equa t ion  2) m a y  also be expressed  as fol- 
lows : 

~ T X ~ - -  2 . i t  , ( ~ : ) 2  ,, T x x ,  i 7 x , -  . 

(4) 
I t  is easy  to  show t h a t  a s u m m a t i o n  of th is  e q u a t i o n  
(4) over  all  the  g e n o t y p e s  (i) wou ld  g ive ;  

Z 2 ; x , j - - ~  x . } + T  x ~ J - ~  ' + 

which  u l t i m a t e l y  is the  same as e q u a t i o n  3 (Wricke,  
t962).  

This  means  t h a t  b o t h  these  c o m p o n e n t s  can be 
ca l cu l a t ed  s i m u l t a n e o u s l y  and  w i t h o u t  a n y  a d d i t i o n a l  
shif t  in the  flow of t he  d a t a  in the  compu te r .  K e e p ing  
c o m p u t a t i o n a l  convenience  and  eff ic iency in view, i t  
m a y  be conc luded  t h a t  t he  two  p a r a m e t e r s ,  i.e. 
co r re la t ion  be tween  e n v i r o n m e n t s  and  the  ecovalence,  
m a y  be g iven  preference  for p r e d i c t i n g  the  response  
a n d  the  s t ab i l i t y ,  r e spec t ive ly ,  w i t h o u t  a n y  loss of 
precis ion.  
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