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ABSTRACT
A set of fifty genotypes of chickpea (Cicer arietinum L.)were evaluated in three different

environments during 2008-09 to determine the stability for seed yield plant height , number of
branches per plant, number of pods per plant, number of seeds per pod, biological yield,  seed yield
per plant, harvest index (%), 100 seed weight . Analysis of variance revealed significant differences
among the genotypes for all the characters studied. Stability analysis showed that a major portion of
genotype ×  environment (G ×  E) interaction was accompanied by linear component for number of
branches per plant, number of pods per plant, number of seeds per pod, biological yield, seed yield
per plant and 100 seed weight, whereas, non-linear portion predominantly contributed towards
plant height, number of branches per plant and harvest index. Environment two (E2) was observed
to be best for most of the yield attributing traits. Considering all the parameters, genotypes H06-79,
H04-31, HK05-151, HK06-162, HK06-170, HK06-171, HK-2, HK-3, H06-32 having bi> 1 and i =  0
found promising for favourable environment, while genotype HC-3 having  bi< 1 and S-2di=  0
found promising for unfavourable environment and genotypes H05-10, HK06-152, HK06-155 having
bi=  1 and S-2di =  0 across the environments.
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INTRODUCTION
Chickpea is an important winter season pulse

crop in India and Asia and traditionally a low input
crop grown in moisture stress environment of drought
prone semi-arid and tropical regions. Large number
of important high yielding varieties of chickpea have
been evolved, yield of these varieties are not stable
over environments which is one of the reason for
poor adaptation. The yield of this crop fluctuates
greatly as genotypes respond differently due to
variation in the environments of its cultivation. (Bahl,
1988; Singh and Jaiswal, 1990). Varietal adaptation
to environmental fluctuation is important for
stabilization of crop production, both over region
and years. Therefore, there is an urgent need for
genetically upgrading the yield potential along with
stabilization of production. Thus, high productivity
and stability are two most desirable features of any
crop variety (Costa et al., 2004).Therefore, the
present study was conducted to know the G x E

interaction of 50 genotypes of chickpea for seed yield
and yield attributing traits.

MATERIALS AND METHODS
Fifty genotypes of chickpea (Table 1) were

evaluated at experimental farm area of Pulses
Section, Department of Plant Breeding, Hisar and
Regional Research Station (CCS Haryana
Agricultural University), Bawal. The crop at Hisar
was sown on two different dates (9-11-2008 and
10-12-2008) and normal sown in Bawal (11-11-
2008) thus creating three environments in a
randomized block design with three replications in
each environment. For each genotype the plot size
was 9.60 m2 (4 ×  2.40 sq. meter) with a spacing of
30 cm between rows and 10 cm within a row. All
the recommended agronomic package of practices
was followed to raise the crop. At maturity, data was
recorded on dif ferent characters from f ive
competitive randomly selected plants from each
genotype per replication in each environment. The
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mean of the five plants in each replication was used
for statistical analysis of all the characters. The
environments and genotypes were assumed to be
fixed for Statistical analysis. The phenotypic stability
of genotypes was estimated using the parameters
developed by Eberhart and Russell (1966) model.

RESULTS AND DISCUSSION
There exists a great agro-climatic variation

in the environments due to uneven rainfall and
variation in soil texture. Such environmental
variation  play a significant role in genotype x
environment interaction. Hence, there is an urgent
need to obtain stable genotypes which could give
high and uniform yield of gram.

The pooled analysis of variance revealed the
existence of considerable amount of genetic
variability among genotypes and environments
(Table 2) for all the traits. The experimental results
indicated that mean squares due to genotypes,
environment and G ×  E interaction were highly
significant for all the 11 traits, indicating that
genotypes interacted significantly with varied
environmental conditions. This showed the presence
of G ×  E interaction for all the traits. The present
findings of G ×  E interaction are in agreement with
earlier workers, (Samad et al., 1989; Rathore and
Gupta, 1999; Chetia and Yadav, 2002; Rao and Rao,
2004; Sharma et al., 2007;  Abbas et al., 2008;
Yadav et al., 2010, Choudhary and Haque,2010).

With the availability of different analytical
approaches, the most important conclusion which
has emerged out from these studies is that bulk of G
×  E interaction is often a linear function of the
environmental means, although both linear and non
linear functions play an important role in building
up of total genotype ×  environment (G ×  E)
interaction. The linear component of genotype ×

TABLE 2: Stability analysis of variance for different characters studied (Eberhart & Russell, 1966)

Source of D.F. Plant Number of Number Number Biological Seed Harvest 100 seed
variation height branches/ of pods/ of seeds yield/ yield/ index weight

(cm) plant plant per pod plant(g) plant (%) (g)

Genotype 49 222.13+ + 2.24 334.63+ + 2.07+ + 77.39+ 13.21+ + 70.23 12.33+ +

E+  G× E) 100 98.45* * 8.59+ + 271.87+ + 0.07+ + 76.62+ + 9.09+ + 62.90* * 11.25+ +

Env.(L) 1 1331.81+ + 662.88+ + 13930.52+ + 1.51+ + 3486.92+ + 256.03+ + 689.20+ + 264.97+ +

G ×  E (L) 49 66.42* * 1.46* * 1165.60* * ,+ 0.09** ,+ + 45.96* * 8.89** ,+ + 20.50* 16.37** ,+ +

Pooled deviation 50 105.18* * 2.50* * 102.83* * 0.03* * 38.47* * 4.34* * 91.94* * 1.15* *

Pooled Error 294 5.81 0.68 33.79 0.02 8.49 0.96 15.14 1.49
* , * *          =            Significant mean square against pooled error at 5% and 1 % probability level respectively.
+ ,+ + = Significant mean square against pooled deviation at 5% and 1 % probability level respectively.

TABLE 1: Genotype’s pedigree description

Genotype Pedigree

H04-68 H91-35 ×  H82-2 (m)
H04-75 HC-5 ×  H91-36
H05-10 NARC 9006 ×  HC 5
H05-11 H 89-171 ×  HC 5
H05-24 (HC 5 ×  GNG 711) ×

(PDG84-16 ×  NARC 9006)
H05-29 IPC94-19 ×  IPC 71
H06-07 H91–35 ×  E100 Y m
H06-11 PBG98-5 ×  H92-67
H06-15 PBG98-5 ×  H92-67
H06-18 H90-64 ×  H92-67
H06-30 H91-36 ×  H92-67
H06-32 H91-35 ×  HC 5
H06-41 H91-35 ×  HC 5
H06-52 H89-59 ×  HC 5
H06-55 CSG 8962 ×  HC 5
H06-56 GNG 711 ×  HC5
H06-63 H99-109 ×  HC 1
H06-70 HC 5 ×  E 100 Ym
H06-75 H92-67 ×  E 100 Ym
H06-79 Katila ×  BG 362
H06-80 (HC 1 ×  E 100 Ym) ×  H91-36
H04-31 (ICCV 10 ×  ICC 4958) ×  ICC11320
HC-5 H89-78 ×  H89-84
HC-1 F 61 ×  L 550
C-235 IP58 ×  C 1234
HC-3 L550 ×  E 100 Ym
H06-97 HC 1 ×  BGD 112
H06-98 HC 1 ×  Vijay
H06-135 HC 1 ×  PGD 84-16
H06-136 HC 1 ×  ICC 4958
H07-12 C235 ×  GL 94022
H07-93 HC 1 ×  H89-84
H07-23 H96-51 ×  GL 94022
H07-86 (HC 1 ×  GL 94022) ×  GL 94022
H07-88 HC 1 ×  ICCV 96029
H07-121 (HC 5 ×  ICCV 96030) ×  ICCV 96030
H07-169 (CSG 8962 ×  H92-67) ×  GL 94022
HK05-151 HK 92-94 ×  HK 1
HK06-152 PG 95412 ×  HC 3
HK06-155 (HK 92-94 ×  HK 95-67) ×  HK 1
HK06-158 HK 95-70 ×  HK 1
HK06-159 HK 95-70 ×  HK 1
HK06-160 HK 95-70 ×  HK 1
HK06-162 HK 95-70 ×  HK 1
HK06-168 HK 95-70 ×  HK 1
HK06-169 HK 95-70 ×  HK 1
HK06-170 (HK 92-98 ×  HK 95-67) ×  HK 1
HK06-171 PG 95412 ×  HC 3
HK-2 (H82-5 ×  E100Ym) ×  Bhim
HK-3 ICCV 2 ×  Surrutato 77
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environment (G ×  E) interaction was significant for
number of pods per plant, seeds per pod, 100-seed
weight and seed yield per plant when tested against
pooled deviation, indicating that major portion of
interaction was linear in nature and prediction over
environments was possible only for these traits. The
linear component of genotype ×  environment (G ×
E) interaction was non significant against pooled
deviation for remaining traits viz., plant height,
number of branches per plant, biological yield per
plant and harvest index which indicated that
prediction for consistency in performance of the
genotypes was not possible. However, relative
magnitude of both these portions i.e., linear and non
linear vary with the traits. In the present study the
linear portion was higher in magnitude for all the
traits except plant height, number of branches per
plant and harvest index .This indicated the
preponderance of linear portion for most of the
economic traits and thus performance of the
genotypes can be predicted across environments with
greater reliability. Predominance of linear component
of G ×  E interaction for different characters was
also reported by Singh and Kumar, (1994); Popalghat
et al., (1999); Sirohi et al., (2001), Rao and Rao,
(2004); Verma et al., (2008) in chickpea.

The stability parameters i.e., mean ( X ),
regression coefficient (bi) and deviation from
regression (S-2di) were estimated for each genotype
separately for each trait. Both linear regression (bi)
and deviation from regression (S-2di) components
of genotype ×  environment (G ×  E) interaction
should be considered along with mean while judging
the phenotypic stability of a genotype (Table 3).

An examination of two parameters viz., bi
and S-2di

 di for individual genotypes  revealed that
plant height and harvest index were observed to be
the most stable traits for maximum number of
genotypes followed by biological yield, number of
pods per plant, seed yield per plant, number of
branches, 100 seed weight and number of seeds per
pod. Predictable response among the genotypes was
found to be larger for days to maturity, whereas, plant
height exhibited the lowest. Some workers, however,
demonstrated that even for unpredictable traits,
prediction could still be made when the stability
parameters of individual genotypes were considered
(Kapoor, 1972; Singh, 1981 and Sandhu, 1983:,

Choudhary and Haque ,2010). Similar conclusions
could be drawn when the stability parameters of
individual genotypes were considered in the present
study.

Twenty genotypes showed un-predictable
response across the environments for number of
seeds per pod ,whereas, none of the genotype showed
this type of response for number of branches per
plant, number of pods per plant, biological yield and
100 seed weight. None of the genotypes had both
predictable and non-predictable response across the
environments.

The results indicated that genotypes showing
high and stable seed yield also exhibited either high
or above average response for a number of yield
contributing traits. It can, therefore, be suggested that
while making selection, attention should be paid to
the phenotypic stability of the traits associated with
seed yield and the genotypes having average
response for different traits could be identified as
stable genotypes across the environments.

The simultaneous assessment of three
stability parameters viz., ( X ), bi and S-2di, and mean
revealed that genotypes H06-79, H04-31, HK05-
151, HK06-162, HK06-170, HK06-171, HK-2, HK-
3 for yield per plant; H05-11, H06-135, H07-12 for
100 seed weight; H06-07, H06-75, HK06-168, H07-
88, H06-41 for seeds per pod; H05-11, H06-52,
H06-18, H06-70 for number of pods per plant, H06-
75 (Tall) for plant height; HK05-151, HK05-152,
HK06-160, HK06-169, for branches per plant; H05-
11, HK06-159 for biological yield; exhibited high
mean performance, above average response and
were observed to be stable too. Hence these
genotypes could safely be termed as ideal for
favourable environmental conditions.

The desirable genotypes having  Xi> X,
bi= 1.0 and S-2di =  0, for average environments
were H05-10, HK06-152, HK06-155 for seed yield
per plant; H04-75, H06-30, H06-97, H06-136, H07-
86, H07-169, HK06-155, HK06-159, for 100 seed
weight; H06-97, HK06-170 for seeds per pod ; H04-
31, C-235, HK-3, for number of branches per plant;
H06-63, HC-1, H07-169, H06-11, H06-07, H06-
55, for number of pods per plant; H07-88, HK05-
151, HK-3, H06-80 for plant height; H07-93, HC-
5, HC-1, H06-07, H04-31, H06-15, H06-70, H06-
75, H06-32, H06-63, H06-98, for biological yield;
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H04-68, H06-41, C-235, HC-3 for harvest index.
These genotypes were observed to be stable and
generally suitable across the environments.

For unfavourable environmental conditions
the desirable genotypes were HC-3 for yield per plant;
HC-3, H06-70, H05-29, HK-3, HK06-177 for 100
seed weight; H07-169, for plant height; H05-29  for
seeds per pod ; HK06-171, C-235, HC-5, H06-79,
H04-75, H05-10 for number of pods per plant; C-
235, HC-3, H07-23, H06-97, H05-29 for biological
yield. These genotypes were expected to perform
better under poor environmental conditions.

Considering the seed yield and its
contributing traits, genotype H05-10 was observed

to be stable for six traits, genotypes H06-79, HK06-
170 for five traits, genotypes H06-32 and H06-41,
HK06-171, HK06-155 for four traits as indicated
by the high mean performance, average to above
average response and non significant  values. The
performance of these genotypes could be predicted
across the environments. Some other genotypes viz.,
H06-79 and H04-31 and HC-3 were also observed
to be stable across the environments.

The genotypes included in the present study
did not exhibit uniform stability and responsiveness
pattern for the different traits. The stability and response
appeared to be specific for individual traits of an
individual genotype and not common for all the traits.
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