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Okra [Abelmoschus esculentus (L.) Moench] is one
of the most important  vegetable crops grown

extensively throughout the country under diverse agro-
climatic conditions, which results in fluctuation in its
production, one of the constraints in increasing production
is the lack of stability of high yielding and widely adapted
varieties/hybrids. Varietal adaptation to environmental
fluctuations is important for stabilization of the crop
production. The study of G x E interaction leads to
meaningful evaluation of individual genotype for fruit yield
and its components, which could be used in future breeding
programmes. Hence, the present investigation was
undertaken to study the stability of genotypes for fruit
yield and its component traits in okra.

MATERIALS AND METHODS
The experimental material comprised of 55 genotypes

consisting of 40 F1 hybrids resulting from a lines x testers
mating method involving 10 lines (GO-2, JOL-06-S-2, JOL-
06-S-3, JOL-06-S-4, JOL-06-S-5, JOL-06-S-6, JOL-06-
S-7, JOL-06-S-8, JOL-1 and Pant Bhindi) and 4 testers
(JOL-06-S-1, Parbhani Kranti, HRB-55 and Pusa Sawani)
along with one check variety GO-2. These 55 genotypes
were evaluated in Randomized Block Design with three
replications over three seasons of sowing i.e. Kharif, 2007
(E1 ), early summer, 2007 (E2) and late summer, 2007 (E3)
representing three environments at Instructional Farm,
Junagadh Agricultural University, Junagadh, Gujarat.
Individual plot consisted of single row of 3 m length spaced
at 45 cm apart with plant-to-plant spacing of 30 cm. All
the recommended agronomic practices and plant
protection measures were followed timely to raise a good
crop. The data were recorded on five randomly selected
competitive plants for individual genotype in each
replication, in each all three environments for fruit yield
and its contributing traits. The stability analysis was done
as per method suggested by Eberhart and Russell (1966).

RESULTS AND DISCUSSION
The results obtained from the present investigation

have been discussed in the following sub heads :
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SUMMARY
The phenotypic stability for fruit yield and its component traits of 55 genotypes (40 hybrids, their 14 parents and a standard
check variety GO-2) of okra grown over three different seasons revealed the significant differences among the genotypes (G),
environments (E) and G x E interactions for all the characters (except number of branches per plant for environments and fruit
girth for G x E interactions) indicating variable response of different genotypes for various traits under varied environmental
conditions. The G x E (linear) interactions was significant for all the characters (except fruit girth) suggesting the genotypes
responded considerably to the environmental fluctuations for all the traits. Significant pooled deviation for all the traits, except
internodal length, number of fruits per plant and fruit yield per plant indicated difficultly in predicting the performance of
genotypes over environments for these characters. The environmental indices revealed that early summer season was most
congenial for fruit yield per plant and majority of the yield contributing traits. On the basis of stability parameters, parents JOL-
06-S—7, JOL-1 and JOL-06-1 as well as hybrids GO-2 x Parbhani Kranti and JOL-06-S-6 x HRB-55 were identified as stable with
wider adaptability over environments for fruit yield and its components hence, may be utilized in breeding programme for
incorporation of stability for most of the traits in okra.
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Analysis variance for stability:
The pooled analysis of variance for stability (Table

1) revealed that the mean squares due to genotypes (G)
were significant for all the characters when tested against
the pooled error and pooled deviation indicated the
presence of considerable variability among the genotypes
under all the environments.

The significance of environment mean sum of
squares for all the characters, except number of branches
per plant, suggested that genotypes were evaluated under
diverse environments.

The differences due to genotype x environment (G
x E) interaction mean squares were significant when
tested against pooled error as well as pooled deviation
for all the traits except fruit girth, indicated that the
genotypes interacted considerably with the prevailing
environmental conditions.

The total G x E interaction sum of squares were
partitioned in to G x E (linear) and pooled deviation (non-
linear) components. The linear components of G x E
interaction were observed significant for all the characters
when tested against pooled error as well as pooled
deviation, suggested predictability of genotypes across the
environment under three conditions (seasons), while
significance of non-linear mean squares should greater
role of unpredictable components in genotype-
environment interaction for these traits. These results are
in agreement with the earlier findings of Desai (1990),
Gondane and Lai (1993) and Poshiya and Vashi (1997).

In the present study, the linear component was in
larger (more than thrice large) magnitude than the
corresponding non-linear component indicating that the
prediction of performance of a genotype can be possible
across the environments with respect to these characters.
Similar results were recorded by Poshiya and Vashi

(1997).

Environmental indices:
The estimates of environmental indices (Table 2)

revealed that environment 1 (Kharif season) was found
favourable for days to 50 % flowering (-0.75), internodal
length (-0.60) and fruit girth (0.05), while environment 2
(early summer season) was observed congenial for
number of nodes per plant (9.32), plant height (8.86),
number of branches per plant (0.08), fruit length (0.77),
number of fruits per plant (3.72) and fruit yield per plant
(87.94) and environment 3 (late summer season) was
favourale only for days to 50 % flowering (-3.93) and
internodal length (-0.87), whereas it was not ideal for other
remaining traits.

Stability parameters:
According to Eberhart and Russell (1966), genotype

with (i) a high mean performance (X) over environments,

Table 1 : Pooled analysis of variance for stability parameters for fruit yield and its components over three environments in okra 

Source of 
variance d. f. Days to 50 

% flowering 

No.of 
nodes per 

plant 

Internodal 
length 
(cm) 

Plant 
height  
(cm) 

No. of 
branches 
per plant 

Fruit 
length 
(cm) 

Fruit 
girth 
(cm) 

No. of 
fruits per 

plant 

Fruit yield 
per plant (g) 

Genotypes (G) 53 11.60*+ 7.95*+ 0.31*+ 303.71*+ 0.58*+ 1.42*+ 0.14*+ 4.46*+ 1684.58*+ 

Environments (E) 2 1025.18*+ 3538.64*+ 88.44*+ 3197.87*+ 0.37 35.41*+ 0.35*+ 577.58*+ 318440.30*+ 

G x E 106 4.46*+ 5.37*+ 0.14*+ 119.59*+ 0.19*+ 0.77*+ 0.07 2.67*+ 896.66*+ 

E + (G x E) 108 23.37*+ 70.80*+ 1.78*+ 176.59*+ 0.19*+ 1.41*+ 0.08 13.31*+ 6777.10*+ 

Environments (Lin.) 1 2050.37*+ 7077.28*+ 176.87*+ 6395.73*+ 0.73*+ 70.82*+ 0.70*+ 1155.16*+ 636880.70*+ 

G x E (Linear) 53 6.92*+ 9.59*+ 0.23*+ 158.53*+ 0.26*+ 1.13*+ 0.07 4.62*+ 1620.25*+ 

Pooled deviation 54 1.98*+ 1.13* 0.06 79.16* 0.13* 0.40* 0.07* 0.70 169.86 

Pooled error 318 0.74 0.71 0.07 24.46 0.08 0.17 0.02 0.76 231.17 

Total 161 19.50 50.11 1.29 218.44 0.33 1.42 0.10 10.40 5100.68 
*   indicates significance of values at P=0.05 against pooled error mean squares;   
+ indicates significance of values at P=0.05 against pooled deviation mean squares 
 

Table 2 : Estimates of environmental index for various traits 
under different environments in okra 

Environmental index Characters 
E1 E2 E3 

Days to 50 % flowering -0.75 4.68 -3.93 

Number of nodes per plant -4.01 9.32 -5.31 

Internodal length (cm) -0.60 1.47 -0.87 

Plant height (cm) -3.87 8.86 -4.99 

Number of branches per plant 0.00 0.08 -0.08 

Fruit length (cm) 0.08 0.77 -0.85 

Fruit girth (cm) 0.05 0.05 -0.09 

Number of fruits per plant -1.31 3.72 -2.42 

Fruit yield per plant (g) -34.13 87.94 -53.81 
E1 = Kharif-2007,  E2 = Early summer-2007,    
E3 = Late summer -2007 
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(ii) a regression coefficient equal to unity (bi=1) and (iii)
a non-significant mean square deviation from regression
(S2di=0) is considered to be a stable genotype. Paroda
and Hays (1971) suggested that linear regression (bi)
should simply be regarded as a measure of the response
of particular genotype whereas, deviation from regression
(S2di) should be considered as measure of stability. The
average mean performance (X) over three environments,
regression coefficients (bi) and deviation from regression
(S2di) for fruit yield and its most important contributing
traits viz., days to 50 % flowering, number of nodes per
plant, plant height, fruit length and number of fruits per
plant are presented in Table 3.

Days to 50 % flowering:
The stability parameters for individual genotypes for

days to 50 % flowering (Table 3) indicated that all the
parents (lines and testers) studied were found stable for
this trait except the line JOL-06-S-4 as it had exhibited
significant deviation from regression. The parent JOL-
06-S-7 was earliest among the parents with less mean
(45.89 days), regression co-efficient near to unity
(bi=0.85) and non-significant deviation from regression
indicating its stable performance over varying
environments. However, the parent JOL-06-S-4 had least
mean (44.78) for days to 50 % flowering with regression
coefficient above unity (bi =1.59) but, significant deviation
from regression indicating its unpredictable performance
over the environments.

Twenty-seven hybrids were found stable for this
trait. Of these, only five hybrids viz., JOL-06-S-5 x HRB-
55 (44.67), JOL-06-S-5 x Pusa Sawani (45.89), JOL-1 x
Pusa Sawani (46.22), JOL-06-S-4 x Parbhani Kranti
(46.22) and JOL-06-S-5 x JOL-06-S-1 (46.44) exhibited
lower mean values, regression coefficient near to unity
(bi ~1) and non-significant deviation from regression
(S2di~0) indicating their good stability for earliness. Two
hybrids viz., JOL-06-S-6 x Parbhani Kranti (44.78) and
JOL-06-S-6 x JOL-06-S-1 (46.44) expressed lower mean
for days to 50 % flowering, poor responsiveness (bi<1)
and stable performance (S2~di0) under varying
environments. Mandal and Dana (1994) observed
stableness for days to 50 % flowering.

Number of nodes per plant:
All the lines and testers were found stable (Table 3)

as they had non-significant deviations from regression.
The tester, JOL-06-S-1 expressed average
responsiveness and stability across environments with
highest mean (X= 21.19) as it depicted regression
coefficient around unity and non-significant deviation from

regression. The other desirable parents viz., Parbhani
Kranti (20.74), JOL-06-S-1(19.62) and Pant Bhindi
(18.94) with high mean number of nodes per plant were
average stable with unit regression coefficient and non-
significant deviation from regression. The genotype JOL-
1 was above average responsive as it depicted regression
coefficient less than unity (bi<1) and thus was suitable
for poor environments. Stability for plant height was also
reported by Mandal and Dana (1994).

Out of forty hybrids, thirty-six hybrids recorded non-
significant deviations from regression (S2di ~ 0) indicating
their stability over environment for this character (Table
3). Three hybrids viz., GO-2 x HRB-55 (24.14), Pant
Bhindi x HRB-55 (21.60) and JOL-06-S-5 x HRB-55
(21.37) expressed higher mean, regression coefficient
near unity (bi ~1) and non-significant deviations from
regression indicated good stability associated with these
hybrids.  Two hybrids viz., JOL-01 x Pusa Sawani and
JOL-06-S-8 x HRB-55 registered above average stability
with less than unity bi and non-significant S2di values.
While, other two hybrids (JOL-06-S-8 x JOL-06-S-1and
JOL-06-S-5 x JOL-06-S-1) were found below average
responsive as they expressed greater than unity regression
coefficient (bi>1) indicating their suitability under
favourable environmental situations.

Plant height:
Results on the stability parameters for plant height

are presented in Table 3. On the basis of regression
coefficient (bi) and deviation from regression (S2di) of
parents and crosses, complete absence of g x e interaction
was recorded in nine lines, all the four testers and twenty
six crosses (bi~1 and S2di ~ 0).

Two testers i.e. Parbhani Kranti (81.22) and JOL-
06-S-1 (78.03) were found stable for tallness (higher mean
values) with regression co-efficient near to unity (bi ~1)
and non-significant deviation from regression. The parent
JOL-06-S-7 (85.81) displayed highest mean plant height
among all the parents, but was not proved to be stable as
it had shown significant interaction with environments
(S2di~0).

Four crosses viz., Pant Bhindi x HRB-55 (94.51),
JOL-06-S-8 X HRB-55 (94.41), Pant Bhindi x Parbhani
Kranti (88.50) and JOL-1 x Pusa Sawani (87.72) recorded
high per se performance, average responsiveness (bi ~
1) and non-significant deviation from regression (S2di ~
0) illustrating their good stability over environments.
However, highest plant height was recorded by the cross
JOL-06-S-8 x Pusa Sawani (101.36) but not found stable
in performance due to its significant deviation from
regression.

STABILITY IN OKRA
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Fruit length:
A perusal of Table 3 revealed that

prediction of performance would be
possible for 8 lines, 3 testers and 35 hybrids
as they depicted non-significant deviation
from regression. Among the lines and
testers, JOL-06-S-4 (12.86) and Parbhani
Kranti (12.89), respectively, were found
average responsive parents with
successively higher mean values, bi ~ 1 and
S2di ~ 0. The line JOL-06-S-2 was above
average responsive (bi<1) across the
environments with higher mean (X= 12.53)
values.

Out of thirty-five stable hybrids, four
hybrids viz., JOL-06-S-3 x HRB-
55(14.02), JOL-06-S-5 x Parbhani Kranti
(14.11), JOL-06-S-6 x JOL-06-S-1 (14.17)
and Pant Bhindi x Parbhani Kranti (13.98)
had recorded successively higher mean
fruit length with regression coefficient
around unity (bi ~1) and least deviation
from regression indicating their high per
se performance under varying
environmental conditions.

Number of fruits per plant:
Estimates of stability parameters for

parents and hybrids indicated that all the
parents and hybrids were found stable for
number of fruits per plant (Table 3). The
tester JOL-06-S-1(13.04) and the line
JOL-06-S-4 (12.53) were observed to be
average responsive with regression
coefficient around unity and non-significant
deviation from regression but had recorded
lower mean values as compared average
number of fruits per plant. The line, JOL-
06-S-7 exhibited highest mean (14.01)
among all the parents, regression
coefficient less than one (bi<1) and least
deviation from regression (S2di ~0)
indicating its suitability to unfavourable
environmental conditions.

Out of forty stable hybrids, fourteen
hybrids were found average responsive
with mean values ranging from 11.79 to
15.69 and regression coefficient around
unity (bi ~ 1). Among these average stable
hybrids, the hybrids JOL-06-S-5 x HRB-
55 has recorded highest mean number of

STABILITY IN OKRA
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fruits per plant (15.69) with regression coefficient one
(bi=1) and proved to be best adaptive to all environmental
conditions.

Fruit yield per plant:
A perusal of Table 3 revealed that the prediction of

performance would be possible for all the parents as they
depicted non-significant deviations from regression.

Looking to mean fruit yield per plant, regression co-
efficient and deviation from regression, it was observed
that among parents, the line JOL-06-S-7 exhibited highest
mean performance (210.30) followed by the line JOL-1
(191.01) with average responsiveness (bi ~ 1), non-
significant deviation from regression (S2di ~0) indicating
their superiority to all environmental conditions.

Out of forty hybrids, thirty-nine hybrids were
observed to be stable for fruit yield per plant due to their
non-significant deviation from regression (Table 3).
Among the 39 stable hybrids, 18 hybrids had average
responsiveness with regression coefficient around unity
(bi ~1). The cross GO-2 x Parbhani Kranti was found to
be the best with highest mean yield (226.13), regression
coefficient near to unity (bi1~ ) and least deviation from
regression (S2di ~ 0) indicating its stability under varying
environmental conditions. Similar results were obtained
by Ariyo (1987), Gondane and Lai (1993) and Poshiya
and Vashi (1997). The hybrid, JOL-06-S-6 x HRB-55
(206.43) was found below average responsive as it

depicted regression coefficient greater than one (bi>1)
and non-significant deviation from regression (S2di ~ 0)
indicating its higher responsiveness to favourable
environmental conditions. Similar results were reported
by Desai (1990) for fruit yield per plant in okra. Whereas
hybrids JOL-01 x Pusa Sawani exhibited above average
stableness with comparatively higher mean (215.34) and
regression coefficient less than one (bi<1) illustrating its
adaptability to poor environmental conditions.

No single genotype was found to be desirable
simultaneously for all the characters with stable
performance across the seasons, however, potential stable
okra genotypes for different characters have been
identified in the present study. The hybrids JOL-06-S-5 x
HRB-55, GO-2 x Parbhani Kranti, JOL-1x Pusa Sawani,
JOL-06-S-8 x JOL-06-S-1, JOL-06-S-6 x HRB-55, Pant
Bhindi x  Parbhani Kranti, JOL-06-S-4 x HRB-55 and
JOL-06-S-2 x Parbhani Kranti were identified as stable
hybrids with wider adaptability over environments and
higher mean performance over general mean and check
variety, GO-2. The parents JOL-06-S-7, JOL-1, JOL-06-
S-1 and Parbhani Kranti were identified as stable
genotypes for fruit yield and its components like day to
50 % flowering, number of nodes per plant, fruit length
and number of fruits per plant and hence, may utilized in
breeding programme for incorporation of stability for above
traits in okra.
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