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The present study was conducted during the Rabi season of 2024–25 at the S.I.F. Farm, C.S.A.U.A.&T.,
Kanpur (U.P.), with the aim of evaluating genetic diversity among 32 chickpea (Cicer arietinum L) germplasm
accessions, along with five check varieties: BG 3043, WR 315, JAKI 9218, PHULE G 405, and JG 74. The
experiment was laid out in a Randomized Block Design (RBD). Results revealed that seed yield per plant
showed a positive and significant correlation with the number of primary branches, number of pods per
plant, number of seeds per pod, and 100-seed weight. Path coefficient analysis indicated that days to 50%
podding, number of primary and secondary branches per plant, number of pods per plant, plant height, and
seed yield per plant exerted a positive and direct effect on seed yield, suggesting that direct selection for
these traits could be beneficial in yield enhancement programs. Cluster analysis grouped the genotypes into
four distinct clusters. Cluster IV contained the highest number of genotypes (18), followed by Cluster II (7),
Cluster I (5), and Cluster III (2). The maximum inter-cluster distance was observed between Clusters III and
IV (5.558), while the highest intra-cluster distance was recorded within Cluster IV (2.786), indicating a high
degree of genetic diversity among the accessions.
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ABSTRACT

Introduction
Chickpea (Cicer arietinum L.), commonly known

as Bengal gram, belongs to the genus Cicer within the
family Leguminaceae and has a chromosome number of
2n = 16. It is one of the most important rabi pulse crops
grown in India. As per FAOSTAT (2024), chickpea is
cultivated over approximately 107.40 lakh hectares in
India, producing about 135.44 lakh tonnes with an average
productivity of 1261 kg/ha. Nutritionally, chickpea is a
rich and affordable source of protein (21.2%), fat (11.4%),
carbohydrates (57–60%), ash (4.8%), and moisture
content (4.9–15.59%) (Huisman and Vander Poel, 1994).
The primary goal of any well-structured breeding program
is to develop new, high-performing varieties that surpass
the existing ones. Chickpea, a vital leguminous crop in
India, contributes significantly to nutritional security and
soil fertility due to its high protein content and nitrogen-
fixing ability. However, despite its economic and

ecological value, chickpea productivity remains relatively
low when compared to major cereal crops. Many
researchers, including Ramanujam (1975) have suggested
that the underutilization of existing genetic variability is
one of the major reasons for the limited yield gains in
legumes, including chickpea. Upadhyaya et al. (2006)
noted that less than one percent of chickpea germplasm
has been utilized in breeding, reflecting a narrow genetic
base in cultivar development. However, since yield is a
complex trait influenced by multiple environmental factors,
selecting solely based on yield may not be effective. A
better approach involves understanding the extent and
nature of correlations among yield-contributing traits.
While correlation and path coefficient analyses help
identify both the direct and indirect effects of different
traits on yield, principal component analysis (PCA) and
cluster analysis provide insights into the genetic diversity
among germplasm lines.
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To develop superior transgressive segregants with
improved yield and stress resistance, it is essential to use
genetically diverse parents. This can be achieved by
incorporating a broad range of chickpea germplasm—
including landraces, exotic lines, and wild relatives—into
recombination breeding programs rather than relying on
a narrow genetic base. Therefore, the present study was
designed to assess genetic diversity and identify promising
traits among chickpea germplasm for their potential use
in future crop improvement programs.

Materials and Methods
The experimental material consisted of 32 chickpea

germplasm accessions obtained from ICRISAT,
Hyderabad, along with five check varieties: BG 3043,
WR 315, JAKI 9218, PHULE G 405 and JG 74. The
experiment was conducted during the Rabi season of
2024–25 at the Student Instructional Farm (S.I.F.),
CSAUA&T, Kanpur (U.P.). The trial was laid out in a
Randomized Block Design (RBD) with appropriate
replications. All recommended agronomic practices were
followed throughout the crop growth period. Data were
recorded from five randomly selected plants in each plot
to ensure unbiased results. Observations were made on
fourteen key traits, including days to 50% flowering, fruit
pod initiation, 50% podding, maturity, plant height, number
of primary branches per plant, number of secondary
branches per plant, number of pods per plant, number of
seeds per pod, seed yield per plant and 100-seed weight.

Results and Discussion
Significant variability was observed across all these

traits, consistent with previous reports by Atta et al.
(2008), Hakim et al. (2006) and Khan et al. (2011).
Phenotypic and genotypic coefficients of variation (PCV
and GCV) were calculated to assess the extent of
variability. Traits such as number of pods per plant and
seed yield per plant exhibited high PCV and GCV,
reflecting strong genetic control and less environmental
influence. The narrow difference between PCV and
GCV for days to 50% flowering and maturity indicated
that these traits were less influenced by environmental
factors, similar to findings by Chavan et al. (1994),
Vijaylaxmi et al. (2000) and Jeena and Arora (2001).
High genetic variability in these traits confirms the
potential for their effective utilization in selection
programs.

Genetic advance as a percentage of mean was also
estimated to understand the efficiency of selection. High
heritability combined with high genetic advance was
observed for seed yield and 100-seed weight, suggesting
that these traits are governed by additive genes and can Ta
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be improved through direct selection. Conversely, traits
such as plant height and number of primary branches
exhibited high heritability but low genetic advance,
implying a greater role of non-additive gene action. Similar
results were reported by Sharma and Maloo (1988), Singh
and Rao (1991) and Patil (1996).

Correlation analysis provided insights into the
interrelationships among various traits. Seed yield showed
significant positive correlation with number of primary
branches, number of pods per plant, number of seeds per
pod, and 100-seed weight. These results are consistent
with earlier studies by Ali et al. (2011), Arora and Jeena
(1999), Berger and Turner (2000) and Narayana and
Reddy (2002), indicating that selection for these
component traits can indirectly enhance seed yield. Pods
per plant, in particular, emerged as a reliable indicator of
yield potential due to its strong association with final yield.
Similar conclusions were drawn by Mishra et al. (1994),
Singh et al. (1995), Rao and Kumar (2000), and Pratap
et al. (2002).

Path coefficient analysis was employed to partition
the correlation coefficients into direct and indirect effects,
providing a more nuanced understanding of trait
contributions to seed yield. The analysis revealed that
pods per plant and 100-seed weight had strong positive
direct effects on yield, supporting the findings of Reddy
and Rao (1988), Rao et al. (1994) and Arora and Jeena
(1999). Plant height also exhibited a positive direct effect,
although to a lesser extent. Interestingly, the number of
primary branches showed a negative direct effect on yield
despite its positive correlation, suggesting its influence is
mediated indirectly through other traits.

To assess the genetic divergence among genotypes,
Mahalanobis D² statistics were employed. The genotypes
were grouped into four clusters using Tocher’s method
(Rao, 1952), revealing a considerable degree of diversity.
Cluster IV contained the highest number of genotypes
(18), followed by Clusters II (7), I (5) and III (2). The
maximum inter-cluster distance was observed between
Clusters III and IV (5.558), suggesting that crossing
between these groups could yield superior heterotic
combinations. High intra-cluster distances within Cluster
IV also indicate a rich source of variability.

Interestingly, several genotypes from different
geographical regions were grouped into the same cluster,
while others from the same region were scattered across
different clusters. This confirms that geographic origin
does not necessarily determine genetic relatedness, a
conclusion also drawn by Veerabadhiran and Kennedy
(2002), Arora (1992), Jeena and Arora (2002). Traits such
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as number of pods per plant and 100-seed weight
contributed most to genetic divergence, consistent with
earlier findings by Katiyar (1978), Anil Kumar et al.
(1993), Kumar (1997) and Jeethava et al. (2000).

The cluster mean analysis provided valuable
information on trait performance within each group.
Cluster IV was notable for its high means for seed yield,
100-seed weight, and number of primary branches. Cluster
I showed higher values for plant height and days to
maturity. The presence of such trait-based variation
among clusters offers opportunities for selecting
contrasting parents for hybridization. Munshi et al. (2005)
emphasized the importance of combining cluster means
and coefficient of variation to optimize diversity-based
selection.

Conclusion
The study concluded that significant genetic variability

and divergence exist among chickpea germplasm, offering
substantial scope for yield improvement through both
direct and indirect selection strategies. It recommended
using genetically diverse parents from clusters with high
inter-cluster distances for crossing, particularly between
Clusters III and IV, to maximize heterosis. Additionally,
the study highlighted the need to incorporate exotic
germplasm and broaden the genetic base, thereby
addressing the limitations posed by narrow genetic
variability in current cultivars.

In summary, the findings from this research provide
a solid foundation for chickpea improvement programs.
They underscore the necessity of exploiting existing
genetic variation, carefully selecting parental lines based
on both performance and divergence and applying
advanced genetic tools such as path coefficient and D²
analysis for efficient selection. With traits like pods per
plant, 100-seed weight and seed yield showing strong
genetic control and high heritability, these parameters can
serve as reliable selection indices in future breeding
programs aimed at developing high-yielding and resilient
chickpea varieties suitable for subtropical climates of
India.

Acknowledgement
I am deeply grateful to Dr. Shweta for their invaluable

guidance, encouragement and constructive feedback
throughout this research. I extend my thanks to
CSAUA&T, Kanpur, India and ICRISAT, Hyderabad,
for their facilities and support, as well as to my colleagues
and friends for their cooperation. My heartfelt gratitude
goes to my family for their unwavering motivation and
understanding and I acknowledge the Almighty for

granting me the strength and perseverance to complete
this work.

Statements and declarations : The authors declare
that they do not have any conflicts of interest.

References
Ali, H., Gul R., Khan J., Khan H. and Khan F.A. (2011). Genetic

variability and correlation analysis for some yield
components in chickpea (Cicer arietinum L.). Int. J.
Agricult. Biol., 13(3), 510–514.

Arora, P.P. and Jeena A.S. (1999). Correlation and path
coefficient analysis in chickpea (Cicer arietinum L.).
Indian J. Agricult. Res., 33(3), 179–182.

Berger, J.D. and Turner N.C. (2000). Pollen fertility in chickpea
in relation to heat tolerance and water deficit. Field Crops
Res., 65(2), 91–102.

Chavan, V.N., Pawar S.E. and Mehta A.K. (1994). Genetic
variability, heritability and genetic advance in chickpea.
Agricult. Sci. Digest, 14(4), 219–222.

Jahagirdar, J.E., Nandihalli B.S. and Hegde R.G. (1994). Genetic
variability and correlation studies in chickpea. Indian J.
Pulses Res., 7(1), 52–54.

Jeena, A.S., Arora P.P. and Ojha O.P. (2005). Variability and
correlation studies for yield and its components in
chickpea. Leg. Res., 28(2), 146- 148.

Katiyar, R.K. (1978). Genetic divergence in chickpea. Indian J.
Agricult. Sci., 48(1), 47–49.

Kumar, N. (1997).Studies on genetic divergence in chickpea
(Cicer arietinum L.). M.Sc. (Ag.) Thesis, C.S. Azad
University of Agriculture & Technology, Kanpur.

Murty, B.R. and Arunachalam V. (1965). The nature of genetic
divergence in relation to breeding system in crop plants.
Indian J. Gen., 26A, 188–198.

Munshi, M., Ghafoor A. and Shah T.M. (2005). Cluster analysis
in chickpea germplasm and its implications in future
breeding programs. Pak. J. Bot., 37(2), 277–284.

Narayana, Y.D. and Reddy D.M. (2002). Character association
and path coefficient analysis in chickpea. Indian J.
Pulses Res., 15(2), 151–154.

Patil, H.B. (1996). Genetic analysis of yield and its components
in chickpea (Cicer arietinum L.). Ph.D. Thesis, University
of Agricultural Sciences, Dharwad.

Pratap, M., Singh R.B. and Dahiya B.S. (2002). Correlation and
path analysis in chickpea. Agricult. Sci. Digest, 22(1),
30–32.

Rao, C.R. (1952). Advanced Statistical Methods in Biometrical
Research. John Wiley and Sons, New York.

Rao, S.K. and Kumar M. (2000). Correlation and path coefficient
analysis in chickpea. Indian J. Pulses Res., 13(2), 122–
124.

Reddy, M.V. and Rao S.B. (1988). Studies on genetic variability
and trait association in chickpea. Andhra Agricult. J.,
35(2), 101–103.



206 Dharmendra Kumar Singh et al.

Sharma, D. and Maloo S.R. (1988). Genetic variability in
chickpea (Cicer arietinum L.). Leg. Res., 11(1), 25–28.

Sidramappa, S.R. (2003). Studies on genetic variability,
correlation and path analysis in chickpea. Karnataka J.
Agricult. Sci., 16(2), 247–250.

Singh, K.B. and Rao S.R. (1991). Genetic parameters and trait
relationships in chickpea. Indian J. Gen., 51(2), 194–
198.

Veerabadhiran, P. and Kennedy J.S. (2002). Genetic divergence
in chickpea. Madras Agricult. J., 89(1–3), 125–128.

Vijaylaxmi, P., Hanchinal R.R. and Salimath P.M. (2000). Genetic
variability and heritability studies in chickpea.
Karnataka J. Agricult. Sci., 13(4), 944–946.

Wanjari, K.B., Patel R.C. and Patel J.C. (1996). Genetic
variability and correlation studies in chickpea. Leg. Res.,
19(3), 143–147.

Yadav, R.K., Dixit J.P. and Verma S.S. (2001).Genetic divergence
in chickpea. Indian J. Pulses Res., 14(1), 65–67.

Yaman, M., Yildirim M.B. and Ekbic E. (1997). Genetic variability
and trait associations in chickpea. Turkish J. Agricult.
Forest., 21(3), 295–299.


