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ABSTRACT
Twenty nine genotypes of rice were evaluated for the stability of yield and yield components by growing them
under three different environments. Significant differences among the genotypes and environments for the
twelve traits studied, suggested the presence of wide variability. Both the components of G × E interaction were
significant, indicating that the major portion of interaction was linear in nature and prediction over the
environments could be possible. Significant pooled deviations observed for all the traits, suggested that there
is a considerable genotypic differences. Based on the stability parameters, none of the genotype could be
identified as stable for higher grain yield over three environments but, the genotypes PRR-78, Ketaki Joha,
Swarna Sub-1 and Nagina-22 showed stability for low grain yield in all three environments. Whereas, the
genotypes NDR-3026-3-1R, Pusa Basmati-1, IDR-763, Karahani, Kanak Jeer and Pant Dhan-12 for high grain
yield per plant were considered as suitable under improved environment.
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Rice is the most important cereal crop of India. It is
grown, particularly in India with a wide range of agro
climatic situations, from high altitude of Himalayan
valleys to the tropical coastal areas of Kerala. There is
a wide spectrum of varieties cultivated with differential
response to climatic factors such as highlands, valleys
and lowlands. Identification of genotypes that show
minimum interaction with the environment or possess
greater yield stability is an important consideration in
areas where environmental fluctuations are
considerable. Murphy and Jones (2007) opined that the
most effective way to improve productivity of crops in
target environment is to use locally adopted germplasms
and selection in the target environment itself. Similarly,
Venuprasad et al. (2003) also emphasized the thrust
on development of habitat specific varieties to boost
rice production and productivity by classifying the rice
production system into several target habitats.

Food security programme depends on high
yielding varieties by increasing yield potential and yield
stability (Puji Lestari et al. 2010). The development of

cultivars, which can be adapted to a wide range of
diversified environments, is the ultimate goal of plant
breeders in a crop improvement program. The adaptation
of cultivar over different environments is usually tested
by the level of its interactions with different
environments under which it is cultivated. A variety or
genotype is considered to be more adaptive or stable
one, if it has a high mean yield but a low degree of
variations in yield capacity when grown over varied
environments (Ashraf et al. 2003). Eberhart & Russell
(1966) suggested a model to test the stability of
genotypes under different environments. They
differentate the stable as having unit regression over
the environments (b

i
=1.00) and minimum variation from

regression (S2d
i
 =0). Consequently, a variety with a

high mean yield over the environments, unit regression
coefficient (b

i
=1) and variation from regression as small

as possible (S2d
i
 =0), will be a superior choice as a

stable variety.Grain yield, being a complex entity, is
subjected to environmental fluctuations and is largely
dependent on inter relationships of various components.
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The knowledge of genotype x environment interaction
is very important to identify the stable genotypes in
varying environments. Therefore, the present study was
carried out to estimate phenotypic stability for yield and
yield components under different environmental
conditions.

The present investigation was carried out at
Agricultural Research Farm, Institute of Agricultural
Sciences, Banaras Hindu University, Varanasi. Twenty
nine genotypes were sown in the nursery on 21st June
2011 and on two dates in wet season 2012 i.e. 15th and
30th June to create three different environments. Twenty
five days old seedlings were used for transplanting in
the field. All entries were grown in a Randomized Block
Design in three replications with spacing of 20 x 15 cm
between row to row and plant to plant respectively,
with a row length of 5.0 m. Standard agronomic
practices were followed to raise a good crop. Five
competitive plants were selected randomly from the
center row of each genotype in each replication and
observations were recorded for characters viz., days
to 50 per cent flowering, days to maturity, total number
of tillers per plant, number of effective tillers per plant,
plant height (cm), panicle length (cm), number of
spikelets per panicle, number of grains per panicle,
spikelets fertility (%), grain weight per panicle (g), grain
yield per plant (g) and 1000-grain weight (g). The mean
values for all the traits across the environments were
subjected to stability analysis (Eberhart and Russell,
1966) after testing for homogeneity of error variance.

A stable genotype is one which performs well
when it is grown under a wide range of environments.
Unfortunately, the genetic effects are not independent
of non-genetic environmental effects.This interplay
between genotype and environment resulting into a
phenotype is known as genotype x environment
interaction,i.e., the failure of a genotype to express the
same phenotypic performance when grown under
different environments (Comstock and Moll 1963). It
is equally important to consider differences in cultural
practices as a result of change in date and method of
planting, fertilizer application etc. (Mahapatra 1993).
Though number of models have been developed to
measure phenotypic stability on the basis of mean
performance of test material by several researchers,
the model suggested by Eberhart and Russel (1966)
has been widely used by several plant breeders viz.,

Vidhu Francis and Kanakamany (2008); Panwar (2008);
and Krishnappa et al. (2009). Hence in the present
study also the stability model suggested by Eberhart
and Russel (1966) was applied.

Environmental indices (Table 1) for the
characters viz., number of grains per panicle, panicle
length, plant height, number of spikelets per panicle and
spikelets fertility percent were high in the first
environment. Similarly, higher environmental index
values were recorded for the characters viz., number
of grains per panicle, grain yield per plant, spikelets
fertility percent, number of spikelets per panicle, plant
height, number of tillers per plant, number of effective
tillers per plant, 1000grain weight, panicle length and
grain weight per panicle in the second environment
except days to 50% flowering and days to maturity.
Whereas, the environmental index values were low in
third environment for all the characters except for days
to maturity, days to 50% flowering and 1000 grain
weight. The range in environmental values indicated
that the selected environments were quite varied,
contrasting and appropriate to carry out the present
experimentation.

The analysis of variance for stability (Table 2)
revealed that there was significant genotype x
environment interactions for all most all characters
studied. Eberhart and Russell (1966) defined a stable
genotype as the one which show high mean yield,
regression co-efficient (b

i
) around unity and deviation

from regression near to zero. Accordingly, the mean

Table 1. Environment index values (I
j
) for different characters

(Eberhart and Russell, 1966) in rice (Oryza sativa L.)

Character    Environmental indices

E1   E2                E3

Days to 50% Flowering -1.130  -1.992   3.123
Days to Maturity -1.625  -2.004   3.628
Plant Height(cm) 1.169   2.331  -3.501
Tillers/ Plant -1.559   1.995  -0.437
Effective Tillers/ Plant -1.512   1.607  -0.095
Panicle Length(cm) 1.475   1.148  -2.623
Spikelets/ Panicle 0.237   3.384  -3.621
Grains/ Panicle 1.503   13.639       -15.141
Spikelets Fertility % 0.061   4.912  -4.973
Grain Weight/ Panicle -0.265   0.317  -0.052
Grain Yield/ Plant -6.459   8.007  -1.549
1000 Seed Weight -2.046   1.568   0.478
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and deviation from regression of each genotype were
considered for stability and linear regression was used
for testing the varietal response.(1) Genotypes with high
mean,b

i
 =1 with non significant S2d

i
 are suitable for

general adaptation, i e.,suitable over all environmental
conditions and they are considered as stable genotypes.
(2) Genotypes with high mean,b

i
>1 with non significant

S2d
i
 are considered as below average in stability. Such

genotypes tend to respond favourably to better
environments but give poor yield in unfavourable
environments. Hence, they are suitable for favourable
environments.(3) Genotypes with high mean, b

i
< 1 with

non significant S2d
i
 do not respond favourably to

improved environmental conditions. Hence, it could be
regarded as specifically adapted to poor environments.
(4) Genotypes with any b

i
 value with significant S2d

i

are unstable.The estimates on the three stability
parameters, mean performance (X

i
), regression

coefficient (b
i
) and deviation from regression (S2d

i
) for

the different traits are presented in Table 3. Based on
high mean values, unit b

i
 and non-significant S2d

i
 values,

none of the genotypes could be identified as stable for
higher grain yield over three environments but the
genotypes PRR-78, Ketaki Joha, Swarna Sub-1 and
Nagina-22 with low mean, regression coefficient around
unity with non-significant deviation from regression
showed stability over all the three environments with
low grain yield. The genotypes IR-79156B, HUR-2-1,
GR-32, CR-2496 and GR-32 improved showed low grain
yield were not suitable to improved environmental
conditions based on low mean, low b

i
 values and non-

significant S2d
i 
values along with NDR-3026-3-1R for

high grain yield with high mean, regression coefficient
less than unity with non-significant deviation from
regression. Whereas, the genotypes Pusa Basmati-1,
IDR-763, Karahani, Kanak Jeer and Pant Dhan-12 for
high grain yield per plant were considered as suitable
under improved environment as they showed high
means, higher b

i
 values and non-significant deviations

from regression. The genotype Anjali was considered
as stable for early flowering. The genotypes IDR-763
and Type-3 were found suitable for early flowering
under favourable environment whereas the genotype
HUR-2-1, NDR-3026-3-1R and Karahani were
considered as suitable for early flowering under poor
environmental conditions.

The genotype, Type-3, IR-80555B and Pani
Dhan showed high mean, unit regression co-efficientTa
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and non-significant deviation from regression, so
considered as stable for long duration.The genotype
Pusa Basmati-1, HUR-105 and Kanak Jeer were found
suitable for long duration under poor environmental
condition as they possessed high mean performance,
b

i
 value less than unity and non-significant deviation

from regression, whereas the genotype CR-2496 was
found suitable for long duration under improved
environmental condition. The genotype Sonachur was
considered as suitable for short duration under
favourable environmental condition based on low mean
values, regression coefficient greater than unity and
non-significant deviations from regression, whereas the
genotypes HUR-5-1, HUR-2-1 and GR-32 improved
found suitable for short duration under poor
environmental condition as they have low mean values,
regression coefficient less than unity with non-
significant deviation from regression. Stability
parameters identified PRR-78, Pusa Basmati-1,
Karahani, Pusa 6B, IR-58025B, IR-80555B, IR-
68897B, BPT-5204 and HUR-105 with low mean value,
non-significant deviation from regression and regression
coefficient around unity as the most stable for short
plant height of the plant over the three environments
whereas the genotypes Kala Namak and GR-32 found
stable for tall plant height over the three environments.

The genotypes HUR-5-1, NDR-3026-3-1R,
HUR-3022 and HUR-105 were considered stable for
higher number of tillers over all the three environments.
The genotypes IDR-763, Karahani, Sonachur, Ketaki
Joha, Kanak jeer and Pant Dhan-12 were found suitable
with higher tillers per plant for high yielding environment
as they possessed high mean values, regression
coefficient greater than unity, whereas the genotypes
PRR-78, Pusa 6B, IR-80555B, BPT-5204, HUR-2-1,
Kala Namak, GR-32, CR-2496, GR-32 improved and
Loha Chhad were found suitable with less number of
tillers for low yielding environment. The genotypes
NDR-3026-3-1R and HUR-3022 identified as stable
for high number of effective tillers per plant under all
three environments. The genotypes HUR-5-1, Pusa
Basmati-1, IDR-763, Karahani, Sonachur, Ketaki Joha,
Type-3, Anjali, HUR-105, Kanak Jeer and Pant Dhan-
12 were found to be suitable for higher number of tillers
per plant under high yielding environment based on high
mean values, high b

i
 values and non-significant S2d

i

values. The genotype Pani Dhan for higher number of

effective tillers as possessed high mean, regression
coefficient less than unity with non-significant deviation
from regression.The genotypes NDR-3026-3-1R and
IDR-763 found to be stable for long panicle. The
genotypes Sonachur and Loha Chhad were identified
to be suitable for long panicle under high yielding
environment.

The genotypes HUR-5-1, NDR-3026-3-1R,
Pusa Basmati-1, IR-80555B, IR-79156B, HUR-105 and
Nagina-22 were found stable for more number of
spikelets per panicle over all the three environments.
The genotypes Pusa 6B, IR-58025B, Kala Namak and
Kanak Jeer found suitable with more number of
spikelets per panicle for high yielding environments as
appeared with high mean value, regression coefficient
greater than unity with non-significant deviation from
regression. The genotypes Pusa 6B and HUR-105 were
regarded as stable genotype for more number of grains
per panicle over all three environments considering
stability requirements of high mean performance,
regression coefficient around unity, least deviation from
regression. The genotypes Sonachur, IR-58025B, Kala
Namak and GR-32 were found to be suitable for more
number of grains per panicle over high yielding
environment. The genotype HUR-105 was found
suitable over low yielding environment.

The genotype HUR-3022 was found stable with
high spikelets fertility percent.The genotypes Pusa
Basmati-1, IDR-763, IR-58025B, IR-80555B and Kala
Namak with high spikelets fertility percent were found
responsible to improved environments. The genotypes
NDR-3026-3-1R, Karahani, Ketaki Joha and HUR-105
with high spikelets fertility percent as appeared with
high mean, regression coefficient less than unity with
non-significant deviation from regression. The
genotypes NDR-3026-3-1R and BPT-5204 with high
grain weight per panicle were found suitable for all the
three environments. The genotypes IR-68897B and GR-
32 improved with high grain weight found responsible
for improved environmental condition. The genotypes
PRR-78, IDR-763 and IR-80555B could be identified
as stable for 1000-grain weight over all three
environments. The genotypes HUR-5-1, Anjali, HUR-
2-1, Pani Dhan and Pant Dhan-12 with high 1000grain
weight were found suitable to improved environmental
conditions based on high means, higher b

i
 values and

non-significant S2d
i 
values.
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The present study provided the information of genotypic
and environmental performance of twenty nine
genotypes over three environments. Significant
differences among the genotypes and environment for
yield traits suggested the presence of wide variability.
Both components of genotypes x environment
interaction were significant, indicating that the major
portion of interaction was linear in nature and prediction
about the environments was possible. Significant pooled
deviations observed for yield traits, suggested that there
are considerable genotypic differences (Bose et al.,
2012). Based on the stability parameters none of the
genotype could be identified as stable for higher grain
yield over three environments but, the genotypes PRR-
78, Ketaki Joha, Swarna Sub-1 and Nagina-22 showed
stability for low grain yield in all three environments.
Whereas the genotypes NDR-3026-3-1R, Pusa
Basmati-1, IDR-763, Karahani, Kanak Jeer and Pant
Dhan-12 were considered as suitable for higher grain
yield under improved environment.
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