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ABSTRACT

Rainfed agriculture covers nearly 80% of the total cropped area and contributes more than 60% of global food production. In chickpea, productivity under post-rainy rainfed conditions is greatly constrained by drought stress. Enhancing drought tolerance through genetic improvement of quantitative traits remains a vital strategy. To assess genetic variability, an investigation was conducted with 30 chickpea genotypes, including six standard checks, during the post-rainy season at RARS, Vijayapur. Analysis of variance revealed significant differences among genotypes for all fourteen morphological traits, with wide ranges observed. Under non-stress conditions, high PCV and GCV were renowned for the number of primary branches per plant and seeds per pod, while under stress, higher values were recorded for number of pods per plant, seed yield per plant, and plot yield. Broad-sense heritability was high for most traits, except days to first flowering (DFF) and days to 50% flowering (DFPF). A high genetic advance over mean for seed yield per plant, number of pods per plant, plot yield, biological yield, and harvest index suggested the predominance of additive gene action. Hence, direct selection for these traits would be effective and could substantially aid in the development of drought-tolerant chickpea varieties.Top of FormBottom of Form
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1. INTRODUCTION
Chickpea (Cicer arietinum L.) is a cool-season food legume with an intermediate growth habit, extensively cultivated across subtropical and warm-temperate regions of the world. It ranks as the third most important pulse crop globally, after common bean and pea, contributing significantly to nutritional security and sustainable agriculture (Varshney et al., 2013). Belonging to the family Fabaceae and subfamily Faboideae, the genus Cicer comprises 44 species, including 35 perennial and 8 annual wild relatives, with C. arietinum L. being the only domesticated species (Van der Maesen, 1987; Croser et al., 2003). Chickpea is predominantly self-pollinated and diploid (2n = 2x = 16), possessing a relatively small genome of ~738 Mb.
       Chickpea is predominantly cultivated under rainfed conditions across diverse environments, where factors such as photoperiod, temperature and precipitation exert a significant influence on its growth and development. Although sowing seasons and photoperiod vary regionally, most precipitation occurs before or during the early stages of the crop, while maturity is typically attained under declining soil moisture and rising temperatures. Drought is a recurrent constraint in major chickpea-growing regions, restricting seed yield and often leading to crop failure. Yield losses attributable to drought are estimated to range from 15–60%, depending on geographical region and length of the crop season (Rani et al., 2020). Under terminal drought stress, particularly when it coincides with flowering and seed-filling stages, reductions of about 40–45% have been reported (Gurumurthy et al., 2024), and under severe conditions, losses may even exceed 70% (Istanbuli et al., 2022).
The most effective strategy to overcome these production constraints is the development of high-yielding genotypes with multiple stress resistance/tolerance, which remains essential for achieving self-sufficiency in chickpea. Genetic variability for yield traits under drought conditions provides an essential basis for selecting superior genotypes in crop improvement. Variability allows plant breeders to identify traits governed by genetic factors with minimal environmental influence. In drought stress, yield traits often exhibit differential responses, where high phenotypic and genotypic coefficients of variation indicate ample scope for improvement. Traits with high heritability and genetic advance are largely controlled by additive gene action, making selection effective. Conversely, traits with low genetic variation or influenced by non-additive effects respond poorly to selection. Thus, assessing genetic variability enables breeders to adopt efficient selection strategies for the development of drought-tolerant and high-yielding chickpea varieties.To achieve this objective, the present study employs advanced breeding lines along with standard checks to assess genetic variability, heritability, and genetic advance for key quantitative traits in chickpea under both stress and non-stress conditions.
2. MATERIALS AND METHODS
The study was conducted with 30 chickpea genotypes, including six standard checks (A-1, SA-1, ICC4958, BGD111-1, JAKI9218 and JG11), during the Rabi season of 2021–22 at the Regional Agricultural Research Station (RARS), College of Agriculture, Vijayapur, under rainout shelter conditions. A randomized block design (RBD) with two replications was adopted under both stress and non-stress environments. Each experimental plot measured 36 m² (2 m × 18 m), with a spacing of 30 cm between rows and 10 cm between plants. The crop was raised following recommended agronomic practices, including basal application of NPK fertilizers and plant protection measures. Genetic parameters such as genotypic and phenotypic coefficients of variation, broad-sense heritability, and genetic advance over mean were estimated using the formula proposed by Burton et al. (1952). Observations were recorded for fourteen morphological traits, namely: days to first flowering, days to 50% flowering, days to pod initiation, days to maturity, number of primary branches, number of secondary branches, plant height, number of pods per plant, number of seeds per pod, seed yield per plant, seed yield per plot, biological yield, hundred-seed weight, and harvest index.
  Statistical analysis:
The mean values of yield component traits were analyzed using standard statistical procedures to determine mean, range, ANOVA and variability parameters. Data analysis was carried out with WINDOSTAT ver. 9.1 software. Genotypic and phenotypic coefficients of variability were calculated using the standard formulae. Broad-sense heritability was estimated as the ratio of genotypic variance to total phenotypic variance, following the method of Hanson et al. (1956), and expressed in percentage. Genetic advance and genetic advance as a percentage of mean were computed using the formula proposed by Johnson et al. (1955).   

3. RESULTS AND DISCUSSION
The mean performance of genotypes for yield-attributing traits revealed significant variation for all traits (Fig. 1), indicating ample scope for effective selection and genetic improvement of yield and its component traits under terminal drought stress through breeding programs. The analysis of variance (Table 1) indicated the presence of significant genotypic variation among the genotypes for all the traits studied under both stress and non-stress conditions. Variability is the foundation of crop improvement, as it provides the essential raw material for selection and breeding. The presence of genetic variability within a population enables plant breeders to identify superior genotypes with desirable traits. Variability parameters such as genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability, and genetic advance help in quantifying the extent and nature of variation. GCV and PCV measure the degree of variability, while heritability indicates the proportion of variation that is heritable. Genetic advance reflects the expected improvement through selection. Together, these parameters guide efficient breeding strategies for crop improvement.
High phenotypic and genotypic coefficients of variation were observed for traits such as number of primary branches per plant and seeds per pod under non-stress conditions, while under stress conditions, higher values were recorded for the number of pods per plant, seed yield per plant, and plot yield (Table 2). Hence, these traits are largely influenced by genetic factors, making them reliable targets in breeding programs. High variability also implies greater chances of identifying superior genotypes with desirable expressions. However, the small difference between GCV and PCV indicated that these traits were predominantly governed by genetic factors, with minimal influence from the environment. These findings were consistent with the earlier reports of Zeeshan et al. (2012) and Gautam et al. (2021). Moderate GCV and PCV were observed for secondary branches per plant, plot yield, plant height, biological yield and 100 seed weight under both conditions. Whereas, high PCV and moderate GCV were observed for harvest index. It indicated the availability of moderate variability for these characters in genotypes. Higher estimates of PCV than that of the corresponding GCV indicates the positive influence of environmental factors in expression of these traits. The above findings were in line with the Sanjay et al. (2019), Anusha et al. (2020) and Zeeshan et al. (2013). Low PCV and GCV were observed for days to first flowering followed by days to fifty percent flowering and days to maturity, which manifested that, the selection of these traits shows no singularity and it indicated low genetic variation for these traits in genotypes. Similar results were confounded by earlier workers like Hassan et al. (2008) and Parameshwarappa et al. (2012)
Heritability is a key parameter in plant breeding as it measures the proportion of total phenotypic variation that is due to genetic factors. If observed variation in a trait is largely inherited and less affected by the environment, making selection based on phenotypic performance more reliable. High heritability was recorded for hundred seed weight, plant height followed by number of pods per plant, secondary branches per plant, number of primary branches per plant, seeds per pod, days to maturity. Hence, breeders can predict the transmission of traits from parents to offspring and assess the effectiveness of selection by involving these genotypes as parents in breeding programs. 
The combined use of heritability and genetic advance is highly informative in plant breeding for making effective selection decisions. High heritability alone does not guarantee selection efficiency, as it merely reflects the proportion of genetic variation in trait expression. In the present study, high heritability coupled with high genetic advance over mean was observed for primary and secondary branches per plant, seeds per pod, number of pods per plant, seed yield per plant, seed yield per plot, and biological yield under both stress and non-stress conditions. This indicates that the variation in these traits is largely governed by additive gene effects, suggesting that selection would be highly effective in improving them. Since these traits are primarily influenced by additive gene action, breeders can reliably practice selection for them even under non-stress environments, without necessarily evaluating under stress conditions. Similar findings were observed by Parameshwarappa et al. (2012), Ramanappa et al. (2013), Sanjay et al. (2019) and Gautam et al. (2021). Days to first flowering, days to fifty percent flowering, days to first podding and days to maturity had high heritability coupled with low genetic advance indicates that these traits were governed by non-additive gene action such as dominance or epistasis, where simple selection may be less effective for genetic improvement of these traits.









Table 1. Analysis of variance for yield component traits in chickpea genotypes under stress and non-stress conditions

	Source of variations
	Situation
	DF
	DFF
	DFPF
	DFP
	DM
	BPBR
	BSBR
	PH
	SPP
	PDPL
	SYPP
	PY
	BY
	HSW
	HI

	Replications
	NS
	1
	0.02
	6.67
	0.6
	10.42
	0.01
	0.77
	0.86
	0.16
	8.97
	1.73
	1089.13
	1288.07
	12.53
	12.15

	
	S
	1
	9.60
	6.67
	0.07
	38.4
	0.11
	0.34
	2.90
	0.17
	2.09
	0.00
	117.6
	1421.07
	8.72
	45.24

	Genotypes
	NS
	29
	11.93**
	12.84*
	10.10**
	39.33*
	0.78**
	1.65**
	70.50**
	0.28**
	44.41**
	4.54**
	2932.61**
	4163.17*
	31.89**
	450.15**

	
	S
	29
	7.84**
	11.23**
	8.87**
	47.23**
	1.03*
	0.95*
	36.43**
	0.19**
	65.90**
	7.61**
	2835.13*
	4021.54**
	19.11**
	144.74**

	Residual
	NS
	29
	2.98
	5.35
	2.49
	1.86
	0.07
	0.11
	1.66
	0.02
	3.18
	0.34
	647.70
	669.61
	0.62
	109.18

	
	S
	29
	2.87
	2.39
	3.23
	18.52
	0.03
	0.06
	13.04
	0.02
	3.34
	0.28
	219.39
	568.99
	4.81
	31.54

	[bookmark: _GoBack]CD @ 5%
	NS
	-
	3.53
	4.73
	3.23
	2.79
	0.57
	0.68
	2.64
	0.31
	3.65
	1.20
	52.05
	52.92
	1.62
	21.37

	
	S
	-
	4.75
	3.16
	3.68
	8.81
	0.38
	0.52
	7.39
	0.29
	3.74
	1.08
	30.29
	48.78
	4.49
	11.49

	CV%
	NS
	-
	5.02
	5.69
	3.95
	1.47
	10.14
	5.49
	3.02
	8.51
	5.47
	7.85
	11.91
	9.67
	3.26
	13.83

	
	S
	-
	4.75
	3.71
	4.58
	4.66
	7.33
	5.46
	8.18
	8.44
	7.23
	7.61
	8.02
	9.44
	8.95
	7.82

	S.E.d
	NS
	-
	1.73
	2.31
	1.58
	1.37
	0.28
	0.33
	1.29
	0.15
	1.78
	0.59
	25.45
	25.88
	0.79
	10.45

	
	S
	-
	1.69
	1.54
	1.79
	4.3
	0.18
	0.25
	3.61
	0.14
	1.82
	0.53
	14.81
	23.85
	2.19
	5.61



NOTE: * and ** indicates significance at 5% and 1% respectively

DFF-Days to first flowering; DFPF-Days to fifty percent flowering: DFP-Days to first poding; DM- Days to maturity; BPBR- number of primary branches; BSBR- number of secondary branches; PH- plant height; PDPL- number of pods per plant; SPP-number of seeds per pod; SYPP-seed yield per plant; HSW-hundred seed weight; PY-seed yield per plot; BY-biological yield per plot; HI-harvest index
Table 2. Estimation of genetic variability parameters for yield component traits in chickpea genotypes under stress and non-stress conditions

	Particulars
	Traits
	DFF
	DFPF
	DFP
	DM
	BPBR
	SBPR
	PH
	SPP
	PDPL
	SYPP
	PY
	BY
	HSW
	HI

	GCV
	NS
	6.15
	4.76
	4.88
	4.66
	21.49
	14.43
	13.74
	20.32
	13.91
	19.39
	15.82
	15.63
	16.26
	17.28

	
	S
	4.42
	5.04
	4.27
	4.10
	27.50
	14.48
	7.74
	17.56
	22.14
	27.49
	19.61
	16.46
	10.90
	10.48

	PCV
	NS
	7.94
	7.41
	6.28
	4.89
	23.76
	15.44
	14.07
	22.03
	14.95
	20.92
	19.81
	18.38
	16.59
	22.13

	
	S
	6.49
	6.25
	6.26
	6.21
	28.46
	15.47
	11.26
	19.49
	23.30
	28.52
	21.19
	18.98
	14.11
	13.07

	MEAN
	NS
	34.00
	41.00
	40.00
	93.00
	3.42
	7.30
	42.70
	1.78
	32.63
	10.47
	213.63
	267.47
	24.31
	92.33

	
	S
	35.70
	41.73
	39.30
	92.40
	2.56
	4.61
	44.16
	1.68
	25.26
	7.96
	184.40
	252.40
	24.52
	71.81

	GA
	NS
	3.38
	2.56
	3.12
	8.50
	1.10
	1.69
	11.80
	0.69
	10.71
	2.77
	55.62
	73.20
	7.99
	21.00

	
	S
	2.21
	3.49
	2.36
	5.15
	1.41
	1.29
	4.84
	0.55
	11.95
	3.80
	68.94
	74.23
	4.26
	12.42

	h2bs (%)
	NS
	60.01
	41.15
	60.37
	90.95
	81.80
	87.36
	95.39
	85.06
	86.63
	85.93
	63.82
	72.29
	96.13
	60.96

	
	S
	46.37
	64.90
	46.52
	43.55
	93.36
	87.55
	47.27
	81.22
	90.34
	92.87
	85.63
	75.21
	59.74
	64.21

	GAM (%)
	NS
	9.81
	6.28
	7.80
	9.16
	40.04
	27.78
	27.64
	38.60
	26.68
	37.04
	26.04
	27.37
	32.84
	27.79

	
	S
	6.20
	8.36
	6.00
	5.57
	54.73
	27.90
	10.97
	32.61
	43.35
	54.57
	37.37
	29.40
	17.36
	17.29

	RANGE
	IR
	Min
	29.00
	38.00
	35.50
	85.00
	1.40
	4.20
	33.60
	1.20
	22.30
	4.20
	129.50
	186.00
	15.85
	44.45

	
	
	Max
	39.00
	46.00
	43.50
	104.00
	4.10
	8.50
	56.10
	2.40
	41.80
	10.30
	305.00
	389.00
	30.48
	95.55

	
	RF
	Min
	32.50
	38.00
	36.00
	85.00
	1.50
	3.30
	34.70
	1.20
	16.10
	4.57
	104.50
	171.00
	20.13
	56.35

	
	
	Max
	40.50
	47.00
	43.50
	102.50
	4.35
	6.25
	51.40
	2.30
	39.40
	11.60
	241.50
	348.00
	33.50
	87.30



Standard range= (maximum – minimum) / mean
DFF-Days to first flowering; DFPF-Days to fifty percent flowering: DFP-Days to first podding; DM- Days to maturity; BPBR- number of primary branches per plant; BSBR- Secondary branches per plant; PH- plant height per plant; PDPL- pods per plant; PDPL-pods per plant; SPP-number of seeds per pod; SYPP-seed yield per plant; HSW-hundred seed weight; PY-seed yield per plot; BY-biological yield per plot; HI-harvest  index
Fig. 1: Overall mean performance of genotypes for yield component traits under both stress and non-stress conditions



DFF-Days to first flowering; DFPF-Days to fifty percent flowering: DFP-Days to first podding; DM- Days to maturity; BPBR- number of primary branches per plant; BSBR- Secondary branches per plant; PH- plant height per plant; PDPL- pods per plant; PDPL-pods per plant; SPP-number of seeds per pod; SYPP-seed yield per plant; HSW-hundred seed weight; PY-seed yield per plot (g); BY-biological yield per plot (g); HI-harvest  index
4. CONCLUSION
The present study highlighted substantial genetic variability among the genotypes for the traits studied, indicating ample scope for selection and improvement. The observed differences in PCV and GCV emphasized the role of both genetic and environmental factors in trait expression. Traits such as number of pods per plant, number of primary branches per plant, 100 seed weight, seed yield per plant, biological yield, plot yield are governed by additive gene action. Hence, selecting these traits can leads to substantial improvement in the yield. Overall, the availability of broad genetic variability ensures a strong foundation for developing high-yielding and stress-tolerant varieties with the intervention of proper breeding strategies.

References

Anusha, T., Trivikrama Reddy, A., Jayalakshmi, V. & Ahammed, S. K. (2020). Genetic variability studies for yield and quality traits in chickpea (Cicer arietinum L.). International Journal of Current Microbiology and Applied Sciences, 9(9), 2995-3000.
Burton, G. W. & Devane, E. M. (1952). Estimating heritability in tall fescue (Festuca circunclinaceae) from replicated clonal material. Agronomy Journal, 45, 478-481.
Croser, J. S., Ahmad, F., Clarke, H. J. & Siddique, K. H. M. (2003). Utilisation of wild Cicer in chickpea improvement progress, constraints, and prospects. Australian Journal of Agricultural Research, 54(5), 429-444.
Gautam, A., Panwar, R. K., Verma, S. K., Arora, A., Gaur, A. K. & Chauhan, C. (2021). Assessment of genetic variability parameters for yield and its components in chickpea (Cicer arietinum L.). Bulletin of Environment, Pharmacology and Life Sciences, 13(2), 651-655.
Gurumurthy, S., Sanjay, U. N., Amaregouda, A., Apoorva, A., Kruthika, S., Durga, G., Jha, U. C., Sadiah, S., Reddy, K. S. & Rane, J. (2024). Understanding the impact of combined heat and drought stress on the reproductive process of chickpea (Cicer arietinum L.). Plant Physiology Reports, 29(1), 76-87.
Hanson, C. H., Robinson, H. F. & Comstock, R. K. (1956). Biometrical studies on yield in segregating population of Korean Lespedeza. Agronomy Journal, 48, 314-318.
Hassan, E. U., Muhammad, A., Muhammad, A. & Muhammad, S. (2008). Genetic variability and interrelationship for grain yield and its various components in chickpea (Cicer arietinum L.). Journal of Agricultural Research, 46(2), 109-116.
Istanbuli, T., Abu Assar, A., Tawkaz, S., Kumar, T., Alsamman, A. M. & Hamwieh, A. (2022). The interaction between drought stress and nodule formation under multiple environments in chickpea. PLOS ONE, 17(10), e0276732.
Johnson, H. W., Robinson, H. F. & Comstock, R. E. (1955). Estimation of genetic and environmental variability in soybean. Agronomy Journal, 47, 314-318.
Parameshwarappa, S. G., Salimath, P. M., Upadhyaya, H. D., Patil, S. S. & Kajjidoni, S. T. (2012). Genetic variability studies in minicore collection of chickpea (Cicer arietinum L.) under different environments. Karnataka Journal of Agricultural Sciences, 25(3), 305-308.
Ramanappa, T. M., Chandrashekara, K. & Nuthan, D. (2013). Analysis of variability for economically important traits in chickpea (Cicer arietinum L.). International Journal of Research in Applied, Natural and Social Sciences, 1(3), 133-140.
Rani, A., Devi, P., Jha, U. C., Sharma, K. D., Siddique, K. H. & Nayyar, H. (2020). Developing climate-resilient chickpea involving physiological and molecular approaches with a focus on temperature and drought stresses. Frontiers in Plant Science, 10, 1759.
Sanjay, K., Suresh, B. G., Anand Kumar & Lavanya, G. R. (2019). Genetic variability, correlation and path coefficient analysis in chickpea (Cicer arietinum L.) for yield and its component traits. International Journal of Current Microbiology and Applied Sciences, 8(12), 2341-2352.
Varshney, R. K., Song, C., Saxena, R. K., Azam, S., Yu, S., Sharpe, A. G., Cannon, S., Baek, J., Rosen, B. D., Taran, B. & Millan, T. (2013). Draft genome sequence of chickpea (Cicer arietinum L.) provides a resource for trait improvement. Nature Biotechnology, 31(3), 240-246.
Van der Maesen, L. J. G. (1987). Origin, history and taxonomy of chickpea. In The Chickpea. 11-34.

Zeeshan, M., Arshad, W., Ali, S., Owais, M., Zulkiffal, M. & Hussain, M. (2013). Genetic divergence and character association in chickpea (Cicer arietinum L.) under rainfed conditions. Wudpecker Journal of Agricultural Research, 2(1), 28-32.

Non-stress	DFF	DFPF	DFP	DM	BPBR	BSBR	PH	SPP	PDPL	SYPP	PY 	BY	HSW	HI	34	41	40	93	3.42	7.3	42.7	1.78	32.630000000000003	10.47	213.63	267.47000000000003	24.31	92.33	Stress	DFF	DFPF	DFP	DM	BPBR	BSBR	PH	SPP	PDPL	SYPP	PY 	BY	HSW	HI	36.5	43.73	39.299999999999997	92.4	2.56	4.6100000000000003	44.16	1.68	25.26	7.96	184.4	252.4	24.52	71.81	



