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Abstract
This Experiment was conducted with seventeen genotypes of wheat for ten quantitative traits in two date of sowing during
Rabi-2016-17 viz., 18th Nov. (normal sown as E1) and 18th Dec. (Late sown as E2) and again in Rabi-2017-18 sown on 20th Nov.
(normal sown as E3) and 20th Dec. (late sown as E4) at Agriculture research farm, Institute of Agricultural Sciences, Banaras
Hindu university, Varanasi. The significant variations due to genotypes against pooled error revealed the presence of genetic
variability for all the traits under study. The component G × E interaction being highly significant indicated that genotypes
interacted considerably to environmental conditions in different environments. For yield per plant the genotypes, HUW 234
exhibited at par value with the population mean, bi near to unity and non-significant deviation from regression line(S2di),
showing that genotype was stable under all environments. However, none of the genotypes were found to show stable
performance as per days to 50% flowering, grain filling duration seeds/plants and 1000 grain weight.
Key words: Wheat, stability analysis, four environment, G × E interaction

Introduction
Globally Wheat (Triticum spp.) is a most consumed

cereal crop. In India wheat improvement in its
productivity leading to green revolution has played a pivotal
role in making the country self-sufficient in food. Global
demand for wheat by the year 2020 is forecasted to be
around 950 million tones. This target will be achieved
only if global wheat production is increased by 2.5 % per
annum.

In India during 2018-2019 area under wheat
cultivation was 29.55 mha million ha with the production
of 101.20 million tones with an average productivity of
34.24 q/ha (Annual report IIWBR, 2018-19) the highest
ever recorded in India. Terminal heat stress has been a
prevalent problem in NEPZ zone where the present
experiment was conducted for years and tends to get
worse with the changing climatic conditions. Furthermore,
the estimates shows that in India alone, more than 13.5
million ha of wheat growing area is heat stressed (Joshi
et al., 2007) and With every degree rise in temp there is

3-4% loss of yield (Wardlaw et al., 1989). It is known
that genotypes, environment and their interaction (G ×
E) have influence on the phenotype of the various traits
in wheat. Some genotypes may perform well in certain
environments, but, fail in several others. The basic
differences between genotypes and in their yield stability
is the wide occurrence of Genotype × Environment (GE)
interactions. The quality of Wheat grains is affected by
environmental conditions such as temperature, humidity
during grain filling, duration of grain filling, sowing time,
date etc. As in NEPZ rice-wheat cultivation is in practice
the late harvest of rice has lead to delay in the sowing of
wheat. Hence, adversely affecting the yield of wheat, as
the grain filling duration coincides with the rise in
temperature and heat waves. To overcome the stress
and unfavorable conditions studies are required to identify
stable and heat tolerant genotypes which can perform
significantly even on exposure to high temperature and
which could perform consistently better over a wide range
of environments. The present experiment was conducted
for normal and late sown condition for two years i.e Rabi
2016-17 and Rabi 2017-2018. To test the stability of the
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genotypes and to estimate genotype × environment (GE) interaction
Eberhart and Russell (1966) model was used. The stability of varieties
was defined by high mean yield and regression coefficient (bi = 1.0)
and deviations from regression as small as possible (S2di = 0).

Materials and Methods
Seventeen genotypes of wheat including two checks were evaluated

in RBD with 2 replications during Rabi 2016-17 at two dates i.e 18th

November (normal sown as E1) and 18th December (late sown as E2)
and in Rabi 2017-18 at two dates 20th November (normal sown as
E3 ) and 20th December (late sown as E4). Each genotype was sown
in two rows of 2 m length with row to row distance of 22.5 cm.
Recommended cultivation practice was followed to raise a healthy
crop. The experiment was conducted in Agriculture Research Farm,
Institute of Agricultural sciences Banaras Hindu University, Varanasi,
Uttar Pradesh. Data were recorded on 10 traits viz days to 50%
flowering (DFL), days to maturity (DM), grain filling duration (GFD),
spike/plant (SPP), plant height (PH in cm), spike length (SL in cm),
awn length (AL in cm), seeds/spike (SPS), yield/plant (YPP in gm)
and 1000 grain weight (GW in gm). The data were collected and
analyzed for analysis of variance and stability analysis. All analysis
was performed using the statistical software INDOSTAT. Data from
the four environments were subjected to stability analysis using the
Eberhart and Russell (1966) model. As per the model, three parameters
viz ., overall mean performance of each genotype across the
environments, the regression of each genotype on the environmental
index (bi) and squared deviation from the regression (S2di) were
estimated.

Genotypes that proved to be stable for most stability analysis or at
least for the yield was then selected as the best. Stability values were
estimated from the quadratic mean of the regression and the deviation
from the regression coefficient (Eberhart and Russell, 1966). To identify
a stable genotype which had higher or equal mean grain yield than
population mean and regression coefficient as 1 or at par equity and
showing small deviation from the regression was considered stable for
grain yield.

Result and Discussion
Stability analysis as per Eberhart and Russell (1966) model showed

highly significant (p<0.01) differences among seventeen genotypes for
all the ten characters viz. days to 50% flowering days to maturity,
grain filling duration, spike/ plant, plant height, spike length, awn length,
seeds/spike, yield/plant and 1000 grain weight studied over different
environments. The studies on estimate of stability parameters revealed
that none of the genotype was stable for all the characters. This reveals
not only the amount of variability that existed among environments but
also the presence of genetic variability among the genotypes. It was
emphasized that both linear (bi) and non-linear (s2di) components of
GE interactions are necessary for judging the stability of a genotype. A
regression coefficient (bi) approximating 1 coupled with an s2di of zero
indicates average stability. Regression values above 1 describe
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genotypes with higher sensitivity to
environmental change (below average stability)
and greater specificity of adaptability to high
yielding environments. A regression coefficient
below 1.0 provides a measurement of greater
resistance to environmental change (above
average stability), and thus increases the
specificity of adaptability to low yielding
environments (Wachira et al., 2002).

The analysis of variance is given in Table
1. Environmental variances were significant for
all characters. G × E interaction was significant
for only spike length and awn length. G × E
(Linear) was found to be significant for spike
length , awn length and yield per plant (YPP)
indicating that the variation in the performance
of genotype is due to the regression of
genotypes in environments and hence making
its the performance predictable in nature also
signifying that there is unit change in
environmental index for each unit change in the
environmental conditions. Siddhi et al., (2018),
Krupal et al., (2018), Singh B. et al., (2017)
has similar findings which are in agreement with
the present study.

Variance due to Environment + (Genotype
× Environment) was found to be highly
significant for all the characters except for plant
height. The ANOVA revealed that the mean
sum of square due to environment (Linear) was
significant for the entire trait tested against
pooled error, hence predicting that value for all
the characters under study could be attributed
to linear regression. Mean square due to pooled
deviation was found to be significant for all the
characters indicating greater role of non-
predictable components in genotype ×
environment interaction. Thus both linear and
non-linear components were useful for
determining the stability. Similar results were
obtained by Madhu et al., 2018, Polat et al.,
2016, Pansuriya et al ., 2014, hence, in
agreement with the present study.

Linear regression for the average grain
yield of a single genotype against the population
mean in each environment resulted in regression
coefficients ranging from -0.003 to 1.939 for
grain yield. As per the Fig. 1. Only genotype
no. 13 (HUW234 ) showed stable performance.
This large variation in regression coefficients
indicates different responses of genotypes to
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environmental conditions (Table 2 and Fig. 1).
For DFL, GFD, SPS and 1000GW none of the
genotypes were found to show a stable
response (Table 2). For DM, genotype HUW
510 have regression coefficient (bi) value close
to unity (1.074) with small deviation from
regression -0.1295 and near average yield of
111.1 than the population mean of 111.91 and
thus possessed fair stability and wider
adaptation over different environment. For SPP,
genotype HD 2733 showed high mean yield, a
regression coefficient near to the unity (1.145)
and small deviations from regression (-0.0773)
considering it stable. For PH genotype K0307
was found to have above mean value and near
unity regression coefficient (1.111) with small
deviation from the regression coefficient t (-
0.6123. For spike length genotype DBW 14
showed above mean spike length (15.7638 )
near equity regression value (1.066) and a small
deviation from the regression deviation (-
0.1013). For awn length genotype K0307
showed above average length (6.5363) near
equity regression coefficient (1.131) and a small
S2di (-0.0474). For yield per plant HUW 234
showed near mean value of yield with near
equity regression value (1.009) and a small
deviation from the s2di (0.0166). Rest of the
genotypes for different trait showed poor
stability for different environment hence
selection for them would not be effective to
generate a genotype or utilized in crossing
programmme to generate a new stable
genotype. Similar findings reported by Banerjee
et al., 2006, Mut et al., 2010, Kant et al., 2014
and Kashte 2013 which where in agreement
with the result obtained in the present findings.

Conclusion
Only genotype HUW 234 showed at par

grain yield with the population mean having near
equity regression coefficient and near zero
deviation from the regression coefficient value.
Hence, in terms of yield per plant HUW 234
can be considered the most stable compared
to other genotypes. Therefore, it could be
included in the hybridization program to
converge the stability characteristics of grain
yield for the development of stable cultivar
adapted to a wide range of environments. Thus
any generalization regarding stability of
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genotypes for all characters it is too difficult since the
genotypes may not simultaneously exhibit uniform
responsiveness and stability for all the characters.
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