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Abstract 
A Randomized Complete Block Design experiment was employed to investigate the genetic diversity 
and relationships among 20 different chickpea genotypes. This comprehensive study was replicated 
meticulously on three occasions, spanning two distinct growing seasons: 2019-20 and 2020-2021. The 
quantitative traits under scrutiny included parameters such as the total days required for maturity, the 
initiation of flowering, the time taken to reach half flowering, counts of primary and secondary 
branches, plant height (Measured in centimetres), basal stem height (measured in centimetres), pods per 
plant, the number of effective pods per plant, seeds per pod, 100-seed weight (measured in grams), 
biological yield per plant (Measured in grams), harvest index (expressed as a percentage), and seed 
yield per plant. 
In the initial year of investigation, a comprehensive range of genetic parameters were meticulously 
calculated, including measures of central tendency such as the mean, data variability represented by the 
range, coefficient of variability, correlations, path-coefficient, and genetic divergence. These metrics 
played a pivotal role in identifying specific traits with the potential to enhance crop yield. Significantly, 
it was observed that biological yield per plant exhibited the highest values for both phenotypic and 
genotypic coefficients of variation, while the days to flower initiation displayed the highest heritability. 
Additionally, it was worth noting that biological yield ranked as the trait with the most substantial 
genetic advancement when expressed as a percentage of the mean. The path coefficient analysis 
conducted in the study shed light on the crucial roles of effective pods and days to half flowering, as 
they exerted the most pronounced positive direct effects on seed yield per plant. 
In the subsequent year's analysis, notable findings emerged with significant values observed for both 
phenotypic and genotypic coefficients of variation, particularly in the context of 100-seed weight. 
Furthermore, there was a prominent presence of phenotypic and genotypic variances, along with a 
noteworthy level of broad-sense heritability recorded for pods per plant. Remarkably, 100-seed weight 
showcased the highest genetic advance when expressed as a percentage of the mean. The study 
identified specific high-yielding advanced breeding lines, notably JG14, JG16, and PC-1, as 
exceptionally promising candidates for crop improvement and breeding initiatives. Genotypic and 
phenotypic path coefficient analyses revealed the paramount importance of certain traits in contributing 
to seed yield per plant. In the initial year, this was exemplified by the strong positive direct effects of 
effective pods and days to half flowering. Conversely, in the subsequent year, traits such as maturity 
time and primary branches emerged as pivotal contributors, signifying their potential for effective 
selection in future breeding programs aimed at optimizing chickpea yield. 

 
Keywords: Flowering, counts, high-yielding 
 

Introduction 
Chickpea, which originated in Southeastern Turkey and Syria, has a long history of 
cultivation in semi-arid regions worldwide, with countries like India, Pakistan, and the 
Middle East playing significant roles. The botanical name of chickpea is Cicer arietinum L., 
with "aries" referring to a ram, inspired by the distinctive shape of the kabuli chickpea seed, 
which resembles a ram's head. It is an annual crop that self-pollinates and has a diploid 
genome (2n = 2x = 16) with a genome size of approximately 732 Mbp. Taxonomically, it 
belongs to the Fabaceae family and is classified as a cool-season pulse crop cultivated in 
over 44 countries, adapting to diverse agro-climatic conditions (Croser et al., 2003; Tulu, 
2017; Van der Maesen, 1987; Padmavathi et al., 2013; Muehlbauer and Sarker, 2017; Singh 
et al., 2018; FAOSTAT, 2000) [7, 25, 24, 32, 47, 48].  
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India significant position in global chickpea cultivation, 
covering approximately 60% of the worldwide area 
dedicated to chickpea cultivation and production 
(Directorate of Economics and Statistics, 2019) [6]. 
From a nutritional perspective, chickpea seeds are highly 
valuable, containing essential micronutrients such as 
phosphorus (at 340 mg/100 g), calcium (at 160 mg/100 g), 
magnesium (at 140 mg/100 g), iron (at 5 mg/100 g), and 
zinc (at 4.1 mg/100 g) (Jukanti et al., 2012) [16]. Chickpea, 
along with cereals, forms a major component of the diets of 
billions of people worldwide. It thrives in a cool climate 
during its growth phase, requires higher temperatures for 
maturation, and performs well in sandy or loamy soils with 
proper drainage systems (Katiyar, 1982) [49]. 
Chickpea is a versatile crop with various culinary 
applications, including its consumption as split dal, whole 
fried or boiled seeds. It plays a crucial role in providing a 
protein source in vegetarian diets and is often referred to as 
the 'poor man's meat.' Chickpeas are a significant protein 
source for both humans and animals, helping to alleviate 
protein deficiencies in cereal-based diets. One remarkable 
characteristic of pulses like chickpea is their ability to fix 
atmospheric nitrogen. Leguminous crops, like chickpeas, 
possess root nodules that capture atmospheric nitrogen, 
contributing to soil fertility restoration. Chickpeas also 
contribute to soil fertility by fixing atmospheric nitrogen 
through symbiosis. Additionally, they offer a readily 
available source of protein, complementing cereal-based 
diets. 
Despite its importance, chickpea production in the country 
remains relatively low, primarily due to factors such as 
limited availability of high-yielding varieties, susceptibility 
to diseases and pests, and the need for intensive inputs and 
management practices (Maiti 2001; Kantar et al., 2007; 
Knights 1993) [20, 17]. Desi chickpea varieties achieve 
physiological maturity in approximately 95-105 days, while 
Kabuli types take a slightly longer period, around 100-110 
days. Identifying chickpea genotypes with high protein and 
micronutrient content, along with strong yields, is of great 
value for future breeding programs. Therefore, this study 
aimed to assess the genetic variability of both yield and 
quality traits in chickpea. Genetic variability in the base 
population is crucial for developing desired plant types. 
There is limited information available regarding cultivated 
chickpea lines under heat stress conditions. Hence, this 
study was conducted to evaluate genetic variability, trait 
associations with yield, and the selection of high-yielding 
genotypes with superior architecture under heat stress 
conditions. The success of a breeding program depends on 
the extent of variability and heritability observed in early-
generation populations for economically important traits 
(Pal et al., 2018) [26]. Heritability estimates, along with 
genetic advances, are essential for predicting the specific 
impact of selecting the most suitable individuals for a given 
scenario (Johnson et al., 1955) [15]. As such, this study was 
conducted and analyzed using potential genotypes to 
estimate variability, heritability, and genetic advances for 
both yield and yield-contributing traits in chickpea. 
 

Materials and Methods 
The study utilized a total of 20 chickpea genotypes as its 
experimental materials. These genotypes were planted in a 
Randomized Complete Block Design, with each 
combination replicated three times across two distinct 
seasons: Season-I (2019-2020) and Season-II (2020-2021). 
The experimental plots had dimensions of 4 × 3 m² each, 

with a spacing of 0.50 m between individual plots and 1 m 
between blocks. Fertilizers were applied at the rate of 20 kg 
of nitrogen, 60 kg of phosphorus (as P2O5), and 40 kg of 
potassium (as K2O) per hectare. 
Data were meticulously collected to characterize these 20 
chickpea genotypes, encompassing a range of traits, 
including flowering initiation, days to reach half flowering, 
maturity duration, primary branches, secondary branches, 
plant height (Measured in centimeters), basal height 
(measured in centimetres), total pod count per plant, number 
of effective pods per plant, 100-seed weight (Measured in 
grams), yield per plant (Measured in grams), harvest index 
(Expressed as a percentage), and seed weight per gram of 
plant. To estimate protein content, mature seeds from each 
genotype within each replication were ground into a 
powder, and 0.2 grams of the powdered seed sample 
underwent digestion with concentrated H2SO4 to determine 
the nitrogen content as a percentage. This analysis followed 
the Micro-Kjeldhal digestion and distillation method, 
adhering to the guidelines set by the AOAC (1965) [1]. 
Analysis of variance was conducted separately for each 
characteristic, following the methodology outlined by Panse 
and Sukhatme (1967) [29]. Genotypic coefficient of variation 
(GCV) and phenotypic coefficient of variation (PCV) were 
calculated using the formula recommended by Burton 
(1952) [4]. Broad-sense heritability was estimated following 
Lush's (1940) approach, and the genetic advance as a 
percentage of the mean was calculated according to the 
method elucidated by Johnson, et al. (1955a) [15]. 
 

Results and Discussion 
The analysis of variance indicated significant genotype 
differences for all 14 studied traits, highlighting a 
substantial range of variability within these characteristics. 

 

Range of Variability 
In the current study, we observed the highest degree of 
variability in the trait "days to maturity," with an average 
mean value of 116.43 days. This trait ranged from a 
minimum of 112.42 days (observed in JG14) to a maximum 
of 122.35 days (found in RKG13-504). Additionally, the 
trait "flower initiation" displayed a wide range, spanning 
from 46.88 days (in the case of RKG13-190-2) to 72.02 
days (recorded for CSJ515-C), with an average of 59.07 
days. The "days to half flowering" spanned from 66.21 days 
(noted in JG14) to 79.87 days (observed in RKG13-504), 
with a mean of 71.11 days. 
Regarding plant height, we observed variability ranging 
from 34.53 cm (measured in JG16) to 65.42 cm (noted in 
Vijay-C), with an average height of 49.25 cm. Basal height, 
on the other hand, exhibited a range from 7.09 cm 
(measured in RYS-201) to 19.08 cm (found in RKG13-105), 
with an average of 13.23 cm. The total number of pods per 
plant displayed significant variation, with values ranging 
from 25.28 (observed in GCP101-C) to 63.68 (noted in 
RKG13-511) and an average of 44.60. Similarly, the 
number of effective pods per plant exhibited variability, 
with a mean of 38.01 and a range from 20.05 (for GCP101-
C) to 61.74 (observed in RKG13-511). 
The number of seeds per pod varied from 3.25 (recorded in 
RYS-201) to 1.46 (noted in PC-1), with an average of 1.66. 
The hundred-seed weight averaged 18.1 g, ranging from 
11.24 g (measured in C-1064) to 26.24 g (found in RKG13-
253). The Harvest Index had an average value of 38.64%, 
ranging from 21.66% (observed in RKG13-504) to 56.19% 
(noted in JG14). Biological yield per plant ranged from 9.16 
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g (measured in RYS-201) to 44.15 g (found in JG16), with a 
mean of 22.17 g. In the 2019-2020 season, seed yield per 
plant showed a range from 4.85 g (recorded in JG16) to 
14.15 g (noted in JG14), with an average of 9.06 g. 
In the following season, among the studied chickpea 
genotypes, the character exhibiting the most extensive range 
of variability was "days to maturity," with an average mean 
value of 116.43 days. This trait ranged from 109.88 days (in 
the case of JG16) to 123.00 days (observed in RKG13-504). 
The initiation of flowering days spanned from 48.07 days 
(for RKG13-511) to 71.78 days (for RKG13-504), with an 
average of 59.07 days. Meanwhile, the days to half 
flowering ranged from 63.70 days (for JG16) to 77.09 days 
(for RKG13-504), with a mean of 71.11 days. 
Plant height in this season varied between 35.32 cm (for 
JG16) and 61.75 cm (for GCP101-C), with an average 
measurement of 49.25 cm. Basal height exhibited a range 
from 8.61 cm (for RYS-201) to 17.48 cm (for C-1064), 
averaging at 13.23 cm. The number of primary branches 
spanned from 1.16 (for RKG13-190-2) to 3.45 (for RKG13-
253), with an average of 2.48. The total number of pods per 
plant showed variability from 25.76 (for GCP101-C) to 
65.78 (for RKG-105), with an average count of 44.62. 
Similarly, the number of effective pods per plant displayed a 
mean of 38.01, ranging from 22.77 (for GCP101-C) to 61.06 
(for RKG13-511). 
The number of seeds per pod showed a range from 1.27 
(observed in Vijay-C) to 2.56 (found in RKG13-511), with 
an average value of 1.66. Hundred-seed weight averaged 
18.10 g, with values ranging from 2.20 g (for RKG13-253) 
to 26.84 g (for RKG13-504). Biological yield per plant had 
a mean of 22.17 g, ranging from 9.61 g (for RYS-201) to 
41.53 g (for JG-16). The harvest index percentage had an 
average value of 38.64%, varying from 22.25% (for 
RKG13-504) to 50.34% (for JG-14). Seed yield per plant 
ranged from 6.00 g (for JG-16) to 15.16 g (for JG-14), with 
a mean value of 9.06 g. 
This significant variation among chickpea genotypes in the 
subsequent season offers valuable opportunities for 
enhancing the crop's genetic makeup. This improvement can 
be achieved through the direct selection of promising 
genotypes or by utilizing them as parents in hybridization, 
leveraging their desirable traits for further crop 
enhancement. 

 

Phenotypic and Genotypic variance 
The highest phenotypic and genotypic variances were 
identified in the total number of pods per plant, with values 
of 135.74 and 134.09, respectively. Subsequently, the 
number of effective pods per plant exhibited variances of 
126.26 (phenotypic) and 124.84 (Genotypic). Plant height 
exhibited variances of 86.04 and 83.96 for phenotypic and 
genotypic, and harvest index had variances of 85.61 and 
83.56 for phenotypic and genotypic, respectively. Biological 
yield per plant showed variances of 67.89 and 65.65 for 
phenotypic and genotypic, initiation flower days had 
variances of 63.59 and 62.92, and weight of seed in grams 
had variances of 65.41 and 63.25. Additionally, days to 50% 
flowering exhibited variances of 19.95 and 17.95, while 
100-seed weight showed variances of 19.45 and 17.42, and 
basal height had variances of 9.61 and 7.83 during Season-I 
(2019-2020). 
In the subsequent season, the highest phenotypic and 
genotypic variances were observed for the number of pods 
per plant, with values of 142.77 and 141.92, respectively. 
Effective pods number per plant exhibited variances of 

118.27 and 117.10 for phenotypic and genotypic, 
respectively. Harvest index showed variances of 67.19 and 
65.72 for phenotypic and genotypic, and plant height had 
variances of 79.87 and 78.88 for phenotypic and genotypic, 
respectively. Yield per plant displayed variances of 53.58 
and 52.47, while flower initiation days had variances of 
53.66 and 52.92. Lastly, 100-seed weight showed variances 
of 40.25 and 39.60 under the 2020-2021 season. 
 

Phenotypic and Genotypic coefficient of variation  
In general, the estimates of genotypic coefficient of 
variation (GCV) consistently appeared lower than those of 
phenotypic coefficient of variation (PCV) for all the 
characteristics, indicating that the observed variation is not 
solely attributed to genotypes but is also influenced by the 
season (2019-2020). The highest values of phenotypic and 
genotypic coefficient of variation were observed in 
biological yield per plant, with values of 34.87% and 
34.21%, respectively, followed closely by the number of 
effective pods per plant, which displayed values of 29.08% 
for phenotypic and 28.96% for genotypic coefficients of 
variation. The number of seeds per pod exhibited 
coefficients of variation at 28.50% (phenotypic) and 22.92% 
(genotypic), while seed yield per plant showed coefficients 
of variation at 28.16% (phenotypic) and 25.76% 
(genotypic). Pods per plant exhibited coefficients of 
variation at 25.96% and 25.80%, and the total 100-seed 
weight had coefficients of variation at 24.68% and 23.31%. 
Harvest index displayed coefficients of variation at 23.09% 
and 22.81%. Conversely, traits such as days to half 
flowering and plant maturity time had lower phenotypic and 
genotypic coefficients of variation. 
Multiple studies consistently show strong and positive 
relationships between seed yield and the number of pods per 
plant in chickpeas. Furthermore, there is a highly significant 
positive correlation consistently observed between seed 
yield and the quantity of seeds produced. Additionally, a 
significant relationship is consistently identified between 
seed yield and the presence of branches and pods per plant 
in chickpeas. Grain yield per plant in chickpeas consistently 
exhibits significant genotypic associations and highly 
significant phenotypic correlations with primary branches, 
pods per plant, and seeds per plant. Moreover, the weight of 
100 seeds in grams consistently demonstrates the highest 
phenotypic and genotypic coefficients of variation at 
35.03% and 34.80%, respectively, closely followed by yield 
per plant, which consistently displays coefficients of 
variation at 33.01% and 32.70%, and seed yield, which 
consistently shows coefficients of variation at 29.21% and 
28.02%. The number of effective pods per plant consistently 
exhibits coefficients of variation at 28.61% and 28.01%. In 
contrast, traits such as days to half flowering consistently 
exhibit low phenotypic and genotypic coefficients of 
variation in the 2020-2021 season. 
 
Heritability (Broad sense)  
Regarding heritability in the broad sense, which assesses the 
contribution of genotypes to overall variation, the first 
season showed notably high heritability for the initiation of 
flowering days (98.94%), closely followed by the number of 
effective pods per plant (98.87%). However, basal height 
and seeds per pod exhibited relatively low heritability 
among the fourteen quantitative characteristics. In the 
second season (2020-2021), a remarkably high heritability 
of 99.01% was observed for the number of effective pods 
per plant, while the lowest heritability was recorded for the 
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number of seeds per pod. This discrepancy in heritability 
values could be attributed to the level of additive gene 
action, indicating that phenotypic selection might yield 
significant results. These findings are consistent with 
previous research conducted by Sharma and Saini (2010) [35] 
and Sidramappa et al. (2008) [37]. 
In the case of maturity days, we observed high heritability 
alongside low genetic advance, which suggests the potential 
influence of non-additive genetic variance. This indicates 
that selection may not be as effective in improving this trait. 
These observations are consistent with findings reported by 
Vaghela et al. (2008) [6] and Sharma and Saini (2010) [35]. 
Similar patterns have been documented by Desai et al. 
(2015) [5], Raju et al. (2017) [19], Banik et al. (2018) [2], and 
Singh et al. (2018) [48] for other traits such as plant height, 
days to half flowering, pod number per plant, 100-seed 
weight, and seed yield per plant. Mohan and Thiyagarajan 
(2019) [23] also noted a similar trend for the number of 
branches per plant and protein content, while Srivastava et 
al. (2017) [21] reported comparable findings. 
Genetic advance was calculated for all 14 traits, as detailed 
in Table 2. In this study, the highest genetic advance as a 
percentage of the mean under sowing conditions was 
observed for biological yield per plant, with a value of 
69.37%. This indicates the potential for improvement 
through selection in this trait. Traits such as plant height 
also exhibited a moderate genetic advance as a percentage 
of the mean, with a value of 37.97%. On the other hand, 
traits like days to maturity showed a low genetic advance as 
a percentage of the mean during the 2019-2020 season. In 

the 2020-2021 season, the highest magnitude of genetic 
advance as a percentage of the mean was recorded for 100-
seed weight, with a value of 71.02%, while plant height 
displayed moderate genetic advance as a percentage of the 
mean, with a value of 36.91%. In contrast, traits like days to 
50% flowering exhibited low genetic advance as a 
percentage of the mean. 
In the initial season of the experiment, biological yield per 
plant exhibited the highest phenotypic and genotypic 
coefficients of variation, while in the subsequent season, 
100-seed weight displayed the highest phenotypic and 
genotypic coefficients of variation. Harvest index showed a 
moderate estimate of both PCV and GCV. In this study, it's 
noteworthy that the magnitude of phenotypic correlation 
was generally lower than the corresponding genotypic 
correlation coefficients for most traits. This observation 
suggests a strong inherent association among the studied 
traits, indicating that phenotypic selection may be 
advantageous. Similar results were reported by Pathak et al. 
(1986) [31]. A lower magnitude of phenotypic correlation can 
be helpful in selecting genetically controlled traits and may 
lead to a better response in seed yield improvement than 
would be expected based solely on genotypic associations, 
as noted by Robinson et al. (1951) [33]. For all other traits, 
differences in magnitude between GCV and PCV were 
relatively lower, except for biological yield and grain yield 
per plant. 
 

Path Coefficient Analysis 

 
Table 1: Genetic parameters of variability during season-I (2019-20) 

 

 
 

In the initial season (2019-2020), the genotypic and 
phenotypic path coefficient analysis revealed that several 
yield-contributing characteristics, including effective pods 
number per plant, days to half flowering, basal height, 
harvest index, primary branches, 100-seed weight, seeds per 
pod, biological yield per plant, number of secondary 
branches, plant height, total number of pods per plant, and 
days to maturity, exhibited negative direct effects on seed 
yield per plant. However, in the following year (2020-2021), 
a high value of direct effects in the path coefficient analysis 
was observed, with days to maturity exhibiting the highest 
positive direct effect on seed yield per plant during this 
season. These findings are consistent with previous research 

and align with earlier results for biological yield per plant 
(Thakur and Sirohi 2009; Shrivastava et al., 2012) [24, 22], 
harvest index, and number of pods per plant (Kuldeep et al., 
2014) [12]. They also correspond with the findings of Dar et 
al. (2012) [8], Kuldeep et al. (2014) [19], Mishra et al. (2014) 

[22], and Shafique et al. (2016) [34] for days to maturity.  
Breeding strategies aimed at increasing yield in chickpea 
genotypes were consistently applied in both seasons of this 
study, aligning with strategies previously reported for 
enhancing plant height (Talebi et al., 2007, Dar et al., 2012, 
Borate and Dalvi 2010, Shrivastava et al. 2012, Muhammad 
et al. 2012 and Hasan and Deb 2014) [22, 9, 8, 5, 45]. In addition 
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to direct effects, indirect effects also contribute to seed yield 
per plant through various traits. 
It's important to note that the majority of indirect effects 
from different independent traits through other traits were 
minimal and often exhibited varying signs. Nevertheless, it's 
worth highlighting that the indirect effects of days to half 
flowering, maturity time, secondary branches, pod numbers, 
effective pods number per plant, days to flower initiation, 

and plant height were all positively associated with seed 
yield per plant. 
The strong and positively significant relationships, along 
with the high direct effect on seed yield, imply that selection 
efforts should prioritize indirect pathways for enhancing 
yield. The notable and positive associations observed among 
different yield-related traits suggest substantial potential for 
improving seed yield in chickpea through targeted breeding 
strategies. 

 
Table 1: Genetic parameters of variability during season-II (2020-21)

 

 

 
 

Table 3: Estimation of genotypic Indirect path coefficient for yield and yield Season-I (2019-2020) 
 

 
Residual are 0.211 

 
Table 4: Estimation of genotypic indirect path coefficient for yield and yield contributing traits during Season-II (2020-2021) 

 

 
Residual are 0.45489 
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Conclusion 

In conclusion, this study has revealed a significant degree of 

variability across all the studied traits, which is a crucial 

factor for crop improvement efforts. It's noteworthy that the 

phenotypic coefficient of variation (PCV) exceeded the 

genotypic coefficient of variation (GCV) for most traits, 

implying the influence of environmental factors on the 

expression of these traits. In the initial season of the 

experiment, biological yield per plant exhibited the highest 

phenotypic and genotypic coefficients of variation, whereas 

in the subsequent season, the highest phenotypic and 

genotypic coefficients of variation were observed for 100-

seed weight. Furthermore, the trait with the maximum 

genetic advance as a percentage of the mean under sowing 

conditions was Effective pods number per plant. On the 

other hand, traits related to days to half flowering displayed 

low genetic advance as a percentage of the mean during the 

initial season. Genetic variability parameters are essential 

prerequisites for any breeding program, as they provide 

plant breeders with opportunities to select new genotypes 

that exhibit high yields in specific environments. The 

present study aimed to collect information on genetic 

variability for seedling parameters and their associations in 

chickpea, with the intention of proposing seedling selection 

criteria for future breeding programs. 
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