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Dissection of Quantitative Genetic Variability and Heritability for Phenological and Yield Component Traits in Chickpea (Cicer arietinum L.).


ABSTRACT
Chickpea (Cicer arietinum L.) is an important grain legume but is limited in the scope for its improvement due to its narrow genetic base. The objective of this study was to determine the genetic variability, estimate the heritability and genetic advance for the 13 quantitative traits from a diverse panel of chickpea germplasm, consisting of ten accessions of desi and kabuli each along with four checks. The substantial amounts of genetic variability were shown with significant differences between genotypes for all traits, which provides ample opportunity for effective crop improvement. The high level of genotypic and phenotypic coefficients of variation for the number of tertiary branches and the number of apical secondary branches indicated that there is opportunity for improvement of these traits. The broad-sense heritability estimates were relatively high for most of the evaluated traits, with the highest estimates for the number of days to 50% flowering, 100 seed weight, and number of days to maturity, indicating strong genetic control over the expression of the trait. The 100-seed weight shown high levels of heritability and genetic advance as a percent of the mean which indicated predominant additive gene action and direct phenotypic selection will be effective. Therefore, the evaluated accessions could provide parental lines for future chickpea breeding programs for improving yield and diversifying the genetic base of the crop.
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INTRODUCTION
Chickpea (Cicer arietinum L.) is a diploid species with a chromosome complement of 2n = 2x = 16 and the genome size of 738 Mbp (Varshney et al., 2013). Chickpea is an important pulse with a global production of 16.52 million tons and productivity of 1171.7 kg/ha in 2023 (FAOSTAT, 2023, https://www.fao.org/faostat/en/#data/QCL). After beans, it is the world's second most important pulse crop. South Asia is the world's largest producer and consumer of chickpea, accounting for over 90% of the total area. Cultivated in over 50 countries across the globe, India (74% of yearly production), Australia (6%), Türkiye (4%), the Russian Federation (3%), Ethiopia (3%) and Myanmar (2%) are the top chickpea producers (FAOSTAT, 2023, https://www.fao.org/faostat/en/#data/QCL). The crop is categorized into two distinct types based on seed morphology and geographical distribution: the small-seeded, angular-shaped referred to as Desi type, prevalent in South Asia and Africa, and the large-seeded, ram-head shaped referred to as Kabuli type, commonly grown in the Mediterranean region.
The genus Cicer has a significant amount of genetic variation, much of which is found in its wild relatives. Based on the ability of species to intercross with the cultivated chickpea, three major gene pools, viz., primary, secondary, and tertiary are described. The genetic classification system was first proposed by Harlan and de Wet in 1971 and has since been refined, including the reclassification of C. reticulatum as part of the secondary gene pool rather than the primary one (van der Maesen et al. 2007). The primary gene pool consists of the cultivated forms, including all landraces. The secondary gene pool includes wild progenitor species, including C. reticulatum and C. echinospermum, which can be crossed with cultivated chickpeas relatively easily to produce hybrid offspring that have reduced fertility. In contrast, the tertiary gene pool contains an array of both annual and perennial species that cannot cross with cultivated chickpeas. Perennial species are all included in this category because they have not been observed to hybridize with cultivated forms of the chickpea to produce viable offspring naturally (Mallikarjuna et al. 2011). 
The restricted genetic base of chickpea in breeders’ crossing blocks has limited genetic gain in breeding programs, despite its economic and nutritional value. The cleistogamous flowering nature and strong self-pollination limit the natural outcrossing, leading to high homozygosity and minimal allelic variability in the germplasm. This lack of variation can be addressed via germplasm collection at the RS Paroda Genebank, ICRISAT, where it serves as a critical global repository for chickpea genetic resources. It conserves a vast collection of 20,838 accessions which is predominantly composed of 18,749 traditional cultivars or landraces, followed by breeding material (1,315), advanced cultivars (100), and 478 wild relatives (https://genebank.icrisat.org/IND/Dashboard?Crop=Chickpea, accessed on 06/03/2026). To facilitate research, the genebank has curated a core collection of 1,956 accessions and a further refined mini-core collection of 211 accessions (Upadhyaya et al., 2001; Upadhyaya and Ortiz, 2001). While large germplasm panels are often employed to capture broad genetic variation, the present study was designed with a targeted objective of identifying diverse and complementary parental lines for pre-breeding experiments. In wheat, crossability alleles, primarily controlled by the Kr genes determine its ability to hybridize with alien species like rye, barley, and Aegilops. These alleles present significant barriers to introgression, though researchers utilize highly crossable cultivars, such as 'Chinese Spring', to circumvent these restrictions and facilitate trait transfer (Snape et al., 1979). No such information is available in chickpea; hence, a subset of 20 diverse cultivated accessions was chosen rather than a large germplasm to understand if any variation for crossability exists in cultivated chickpea. Thus, the focus of this study was not on exhaustive diversity assessment but on the in-depth evaluation of a representative subset of chickpea germplasm, which was to be used further for interspecific crossing experiments. It is necessary to evaluate genetic parameters such as heritability, genetic gains, and phenotypic and genotypic coefficients of variation to identify superior genotypes and develop effective selection strategies for yield enhancement. Here we present dissection of quantitative genetic variability and heritability for phenological and yield component traits in this set.

MATERIALS AND METHODS
Selection and Characterization of the Representative Diversity Panel and Observations
[bookmark: _Hlk223941464][bookmark: _Hlk223955978]	The requisite germplasm for all parental accessions was procured from the RS Paroda Genebank, ICRISAT. The set of 20 Cicer arietinum accessions (comprising 10 Desi and 10 Kabuli types) used in this study was selected via stratified sampling to maximize genetic and phenotypic diversity. These accessions were selected as parental lines for an ongoing interspecific crossing program aimed at optimization of crossing protocol, which will be presented in subsequent studies. The selection was guided by multiple factors, such as prior molecular diversity studies (Varshney et al., 2021), where accessions representing distinct clusters were chosen for maximum variation. In addition, geographical diversity was also considered, with the chosen accessions originating from 19 different countries, thereby ensuring broad representation of germplasm at global level. Furthermore, morphological diversity was incorporated based on characterization data retrieved from the genebank database (https://genebank.icrisat.org/IND/Char_Chickpea?Crop=Chickpea), encompassing variation in key agronomic and phenotypic traits. This broad selection approach ensured a representative subset of germplasm for statistical analysis. Also, these 20 accessions and four check varieties namely Annigeri, JG11, ICCV2 and KAK2, (Table 1) were planted at ICRISAT, Hyderabad (17°30′ N latitude, 78°16′ E longitude). The gross plot area was 4 m × 0.6 m, with row-to-row and plant-to -plant spacing of 60 cm and 10 cm, respectively. The experimental design used for the study was the Randomized Complete Block Design (RCBD) with three replications. The recommended package of practices and plant protection management was followed under irrigated conditions. Random selection of five plants from the row of each genotype was performed in each replication, and accordingly, observations were recorded for all characters such as plant height, plant width, number of seeds per pod, pods per plant and seed weight per plant; except days to 50% flowering, days to maturity, 100 seed weight and seed yield.


Statistical Analysis
The genotypic coefficient of variation and phenotypic coefficient of variation were computed according to Burton and De vane (1953) using the following formula.
GCV =  / X̅ × 100
PCV =  / X̅ × 100
Where, σ2g = genotypic variance, σ2p = phenotypic variance and X̅ = sample mean. The GCV and PCV were classified according to Sivasubramanian and Menon (1973) as low (less than 10 %), moderate (10-20%) and high (more than 20%). Heritability in broad sense (h2bs) was computed for each character as the ratio of genotypic variance to the total variance as suggested by Hanson et al. (1956).
Heritability broad sense (h2bs) = 
Where, σ2g = genotypic variance and σ2p = phenotypic variance. It was categorized by Robinson et al. (1951) as low (less than 0.30), moderate (0.31 – 0.60) and high (more than 0.60). Genetic advance and genetic advance as percent of mean were estimated according to Johnson et al. (1955) using the following formula, 
GA = i × h2bs × σp, 
Where, i = 2.06 (selection intensity at 5%), σp = Phenotypic standard deviation, h2bs = Heritability in broad sense.
Genetic advance as per cent of mean (GAM) =  × 100
The GAM is grouped as low (less than 10%), moderate (10-20%) and high (more than 20%) respectively.

Computation of analysis of variance as well as genetic parameters such as genotypic and phenotypic variance, genotypic and phenotypic coefficient of variation, heritability in broad sense (%) and genetic advance (%) mean was performed using package variability 0.1.0 (Popat et al., 2020) through R-software (v.4.5.1).

RESULTS AND DISCUSSION
Analysis of Variance
The evaluation of the cultivated parental genotypes through the Analysis of Variance (ANOVA) was performed for thirteen quantitative traits to statistically test the null hypothesis of no difference among the studied lines. The partitioning of total variance into replication, genotypes, and experimental error yielded evaluation of the genetic contribution to the phenotypic expression for each trait. The results of the ANOVA indicated that the mean sum of squares for all characters exhibited highly significant differences (P < 0.05) among the genotypes (Table 2). This statistical significance was observed for all the traits including phenological traits such as days to 50% flowering, and days to maturity; morphological traits including plant height, plant width, basal primary branches, apical primary branches, basal secondary branches, apical secondary branches and tertiary branches; and yield-related components such as number of seeds per pod, pods per plant, seed weight per plant and 100 seed weight. The similar findings of significant differences among genotypes were previously reported by Mohammad et al., 2019, Kumar et al., 2020, Deepika et al., 2021, and Karthikeyan et al. 2022.
The substantial values of the mean sum of squares for genotypes compared to the corresponding error for all traits indicates a high level of genetic diversity within the germplasm panel used in the study. This widespread significance suggests that the materials under study are not genetically similar but instead possess a rich diversity of alleles governing these traits. The high significance of the genotypic mean sum of squares confirms the presence of substantial genetic variability, which is a fundamental prerequisite for any breeding program. Furthermore, the error mean sum of squares remained consistently low across all characters relative to the genotypic mean sum of squares indicating that the field trial was effectively managed, environmental noise was minimized, and the observed phenotypic differences are a reliable reflection of the underlying genotypic differences. Such diversity implies that the parental lines possess distinct genetic backgrounds, making them suitable for generating segregating populations with significant transgressive segregation potential in future breeding efforts.
Mean, range, and coefficient of variation
The mean performance and range for the quantitative traits revealed a wide spectrum of variation within the chickpea germplasm set (Table 3). For phenological traits, the mean days to 50% flowering was 55 days, with a wide range of 40 to 73 days. Days to maturity showed a mean of 97 days, with genotypes maturing between 89 and 114 days. Among morphological traits, plant height recorded a mean of 43.26 cm with a range of 31.07 to 53.20 cm, plant width averaged 47.52 cm, ranging from 37.60 to 60.80 cm, while branching related traits such as basal primary branches recorded the mean of 1.99 with the range of 1.20 to 2.80, apical primary branches showed the mean of 1.09 with the range of 0.53 to 1.53, basal secondary branches ranging from 1.67 to 4.73 with the mean of 3.04, apical secondary branches ranging from 0 to 1.4 with the mean of 0.54 and tertiary branches showing a low mean of 0.27 with the range of 0 to 0.83. Regarding yield components, the mean number of seeds per pod was 1.24 with a narrow range of 1.01 to 1.57. Pods per plant showed a mean of 40.73, spanning a wide range from 14.25 to 74.80 pods. Seed weight per plant and 100 seed weight recorded means of 7.60 g and 16.91 g, with ranges of 2.96 to 15.53 g and 9.80 to 28.17 g, respectively.
The variance and coefficient of variation parameters provided deeper insight into the nature of this diversity. High estimates for both genotypic coefficient of variation (GCV) and phenotypic coefficient of variation (PCV) were recorded for several traits (Table 3; Figure 1). Days to 50% flowering showed a GCV of 20.98% and a PCV of 21.21%, indicating that the environment had a negligible influence on its expression. In contrast, days to maturity showed low GCV (6.81%) and PCV (7.04%), suggesting limited variability for this trait in the current material. Morphological traits like plant height and plant width displayed moderate to high variability, with GCVs of 18.21% and 15.79% and PCVs of 20.16% and 19.41%, respectively. The high values for GCV and PCV were also shown by branching related traits such as basal primary branches (28.88% & 29.87%), apical primary branches (34.46% & 37.40%), basal secondary branches (33.63% & 35.09%), apical secondary branches (58.74% & 64.54%) and tertiary branches which showed highest levels of GCV and PCV (80.91% & 86.71%). The extensive variation was observed in yield-related traits. Pods per plant had a GCV of 42.39% and a PCV of 44.86%, while seed weight per plant showed a GCV of 28.58% and a PCV of 34.55%. The 100 seed weight displayed a high GCV of 36.06% and a PCV of 36.58%. Similar reports of variations were reported in numerous studies such as Alemu et al., 2017, Shengu et al., 2018, Kumar et al., 2020, Deepika et al., 2021, and Karthikeyan et al. 2022. The close proximity between GCV and PCV for traits like days to 50% flowering, basal primary branches and 100 seed weight suggest strong genetic control, whereas the wider differences for pods per plant indicate a greater environmental influence.
Fig. 1: Estimates of genotypic (GCV) and phenotypic (PCV) coefficients of variation for yield and its attributing traits.
(DFF: Days to 50% flowering; PLHT: Plant height; PLWD: Plant width; DM: Days to maturity; BPB: Basal primary branches; APB: Apical primary branches, BSB: Basal Secondary Branches; ASB: Apical Secondary Branches; TB: Tertiary branches; SPP: Number of seeds per pod; PPP: Pods per plant; SWP: Seed Weight per Plant; 100SW: 100 seed weight)

Heritability and genetic advance as percent of mean
Broad-sense heritability estimates across the studied traits were found to be high, indicating the degree to which phenotypic variation was determined by genotypic variation (Table 3; Figure 2). The highest heritability values were observed for days to 50% flowering (97.88%), 100 seed weight (97.16%), days to maturity (93.60%), basal primary branches (93.45%) and basal secondary branches (91.85%), suggesting that these traits are highly stable and least influenced by environmental fluctuations. Plant height also exhibited high heritability of 81.58%. Tertiary branches, apical primary branches and apical secondary branches (87.07%, 84.91% and 82.83%) also showed high estimates of heritability. The number of seeds per pod showed a high heritability of 81.02% and also noted for plant width (66.16%), pods per plant (89.28%), and seed weight per plant (68.40%). Similar reports on heritability were previously given by Hasan and Deb, 2017, Shengu et al. 2018, Hailu, 2020, Deepika et al., 2021, and Nabati et al., 2023. These high heritability estimates for the majority of the traits confirm that the observed phenotypic differences among the genotypes are largely due to genetic factors, making them amenable to selection in early generations.
 The genetic advance as a per cent of mean (GAM) further characterized the potential for genetic gain through selection. The high to very high GAM observed across majority of the traits signifies that the phenotypic variation is predominantly governed by additive gene action, further indicating that direct selection for these characters will result in predictable and substantial genetic gain. Very high GAM values were recorded for tertiary branches (155.53%), apical secondary branches (110.13%) and 100 seed weight (73.22%), indicating that selection for these traits would result in substantial population improvement (Table 3; Figure 2). High GAM was also observed for basal secondary branches (66.39%), apical primary branches (65.41%), basal primary branches (57.51%), pods per plant (82.52%), flowering duration (44.38%), days to 50% flowering (42.77%), and seed weight per plant (48.69%). Traits such as plant height (33.88%), number of seeds per pod (31.09%), and plant width (26.45%) showed high GAM. The similar results for GAM were previously reported by Shengu et al. 2018, Aswathi et al., 2019, Kandwal et al., 2022, and Kumar et al., 2024. The combination of high heritability and high genetic advance observed for traits like days to 50% flowering, branching-related traits and 100 seed weight indicates the predominance of additive gene action. This suggests that phenotypic selection, such as mass or pedigree selection, would be highly effective for these characters. For traits like pods per plant where heritability was moderate but genetic advance remained high, a significant environmental influence is suggested, implying that selection should ideally be based on multi-environment trials to identify superior genotypes. Since the experiment was conducted in a single environment during one growing season, the estimated heritability and related parameters represent environment-specific values and may be influenced by seasonal effects.
Fig. 2: Estimates of of heritability and genetic advance (%) mean for yield and its attributing traits.
(DFF: Days to 50% flowering; PLHT: Plant height; PLWD: Plant width; DM: Days to maturity; BPB: Basal primary branches; APB: Apical primary branches, BSB: Basal Secondary Branches; ASB: Apical Secondary Branches; TB: Tertiary branches; SPP: Number of seeds per pod; PPP: Pods per plant; SWP: Seed Weight per Plant; 100SW: 100 seed weight)

Evaluation of Genetic Variability and Identification of Superior Chickpea Genotypes for Yield and Related Traits
Statistical analysis using the Least Significant Difference (LSD) test indicated that most of the evaluated accessions significantly outperformed their respective (Kabuli or Desi) checks (Table 4). Within the Desi group, multiple genotypes demonstrated significant superiority over check variety Annigeri. For example, ICC 6293 and ICC 18677 showed higher plant height, a character favored in terms of mechanical harvesting. Also, ICC 12143, ICC 16833, ICC 3415 & ICC 6293 emerged as promising lines by significantly exceeding the check in various pod-related characters such as seeds per pod, pods per plant and seed weight per plant. ICC 16853 and ICC 18677 also exhibited superiority in 100 seed weight, indicating the potential of improvement of seed size in Desi backgrounds. In the Kabuli set, a broad range of accessions exhibited performance significantly exceeding the check KAK2 for most vegetative and yield-related parameters. All Accessions except ICC 18692, recorded significantly higher plant height than KAK2. Accessions ICC 18688, ICC 18706, ICC 18698, ICC 18771, ICC 18797, ICC 19045 and ICC 19160 consistently demonstrated superior performance in pod related traits compared to KAK2. Although these accessions showed higher pod number and seed weight, no accession was found statistically superior to KAK2 for 100 seed weight. The superior accessions over check for remaining traits are presented in table 3. These identified superior accessions can serve as a source of genetic material for future chickpea breeding programs attempting to improve yield stability and plant architecture.

CONCLUSION
The study successfully evaluated the genetic diversity within the chickpea germplasm set. The highly significant differences observed across all thirteen quantitative traits, ranging from phenology and plant architecture to yield components, confirm that the population contains a rich reservoir of alleles necessary for crop improvement. The close proximity of genotypic (GCV) and phenotypic (PCV) coefficients of variation for traits such as days to 50% flowering, days to maturity, and 100-seed weight indicates that these characters are primarily governed by genetic factors with minimal environmental interference. Identification of traits such as 100-seed weight and branching-related traits exhibiting both high broad-sense heritability and high genetic advance as a percent of mean (GAM) strongly suggests the predominance of additive gene action. This genetic architecture implies that simple phenotypic selection strategies like mass or pedigree selection, will be highly effective in achieving substantial genetic gains in subsequent generations. Overall, the identified superior genotypes and the quantified genetic parameters provide a way for future breeding programs aimed at developing high-yielding, climate-resilient chickpea varieties
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[bookmark: _Hlk229851533]Table 1: List of chickpea accessions used in the study
	[bookmark: _Hlk229851559]Sr. No.
	ICC Number
	Type
	DOI

	1
	6293
	Desi
	10.18730/MGCYG

	2
	16833
	Desi
	10.18730/MTPAB

	3
	19045
	Desi
	10.18730/MWVE3

	4
	3567
	Desi
	10.18730/MDQRW

	5
	12184
	Desi
	10.18730/MP51R

	6
	14098
	Desi
	10.18730/MR0VE

	7
	16853
	Desi
	10.18730/MTPYZ

	8
	12143
	Desi
	10.18730/MP3RM

	9
	3415
	Desi
	10.18730/MDK0R

	10
	4843
	Desi
	10.18730/MEZM9

	11
	18698
	Kabuli
	10.18730/MWGKT

	12
	18797
	Kabuli
	10.18730/MWKPE

	13
	19160
	Kabuli
	10.18730/MWZ17

	14
	18688
	Kabuli
	10.18730/MWG9G

	15
	20647
	Kabuli
	10.18730/WBQC2

	16
	18734
	Kabuli
	10.18730/MWHQS

	17
	18677
	Kabuli
	10.18730/MWFY5

	18
	18771
	Kabuli
	10.18730/MWJWS

	19
	18692
	Kabuli
	10.18730/MWGDM

	20
	18706
	Kabuli
	10.18730/MWGV$



Table 2: ANOVA for various characters of chickpea
	Sr. No.
	Traits
	Mean sum of square

	
	
	Replication (df=2)
	Genotype
(df= 23)
	Error (df=46)

	1
	Days to 50% flowering
	2.38
	266.85**
	2.85

	2
	Plant height (cm)
	10.51
	138.16**
	14.02

	3
	Plant width (cm)
	13.75
	141.33**
	28.78

	4
	Days to maturity
	4.54
	91.30**
	3.02

	5
	Basal primary branches
	0.07
	0.68**
	0.02

	6
	Apical primary branches
	0.04
	0.31**
	0.03

	7
	Basal secondary branches
	0.24
	2.18**
	0.09

	8
	Apical secondary branches
	0.03
	0.22**
	0.02

	9
	Tertiary branches
	0.01
	0.10**
	0.01

	10
	Number of seeds per pod
	0.03
	0.10**
	0.01

	11
	Pods per plant
	27.54
	632.34**
	35.80

	12
	Seed Weight per Plant (g)
	0.40
	11.63**
	2.18

	13
	100 seed weight (g)
	0.44
	75.42**
	1.09


** Significant at 5% levels.
Table 3: Estimates of variability and genetic parameters for characters in chickpea
	Sr.
No.
	Character
	Mean
	CV (%)
	Range
	Variance (%)
	Coefficient of variance (%)
	Heritability in broad sense (H2bs) (%)
	Genetic advance (%) mean

	
	
	
	
	Min.
	Max.
	Genotypic
	Phenotypic
	Genotypic
	Phenotypic
	
	

	1
	Days to 50% flowering
	55
	3.08
	40
	73
	132.00
	134.85
	20.98
	21.21
	97.88
	42.77

	2
	Plant height (cm)
	43.26
	8.65
	31.07
	53.20
	62.07
	76.09
	18.21
	20.16
	81.58
	33.88

	3
	Plant width (cm)
	47.52
	11.28
	37.60
	60.80
	56.27
	85.05
	15.79
	19.41
	66.16
	26.45

	4
	Days to maturity
	97
	1.78
	89
	114
	44.14
	47.16
	6.81
	7.04
	93.60
	13.58

	5
	Basal primary branches
	1.99
	7.64
	1.20
	2.80
	0.33
	0.35
	28.88
	29.87
	93.45
	57.51

	6
	Apical primary branches
	1.09
	14.52
	0.53
	1.53
	0.14
	0.17
	34.46
	37.40
	84.91
	65.41

	7
	Basal secondary branches
	3.04
	10.01
	1.67
	4.73
	1.05
	1.14
	33.63
	35.09
	91.85
	66.39

	8
	Apical secondary branches
	0.54
	26.74
	0.00
	1.4
	0.10
	0.12
	58.74
	64.54
	82.83
	110.13

	9
	Tertiary branches
	0.27
	31.18
	0.00
	0.83
	0.05
	0.05
	80.91
	86.71
	87.07
	155.53

	10
	Number of seeds per pod
	1.24
	8.11
	1.01
	1.57
	0.04
	0.05
	16.77
	18.63
	81.02
	31.09

	11
	Pods per plant
	40.73
	14.69
	14.25
	74.80
	298.27
	334.07
	42.39
	44.86
	89.28
	82.52

	12
	Seed Weight per Plant (g)
	7.60
	19.42
	2.96
	15.53
	4.72
	6.90
	28.58
	34.55
	68.40
	48.69

	13
	100 seed weight (g)
	16.91
	6.16
	9.80
	28.17
	37.17
	38.25
	36.06
	36.58
	97.16
	73.22





	Accession
	DFF
(Days)
	PLHT
(cm)
	PLWD
(cm)
	DM
(days)
	BPB
	APB
	BSB
	ASB
	TB
	SPP
	PPP
	SWP
(g)
	100SW
(g)

	Desi

	ICC 3415
	52
	31.07
	38
	96.67
	2.67*
	1.47*
	3.13*
	0.73*
	0.47*
	1.52*
	54.27*
	8.01*
	10.5

	ICC 3567
	61
	36.47
	41.53
	94.33
	2*
	1.33*
	3.97*
	0.53
	0.33*
	1.2
	43.87*
	5.78
	11.8

	ICC 4843
	55
	40.07
	47.13
	95.67
	2.2*
	1.13*
	3.53*
	0.27
	0.33*
	1.08
	69.13*
	8.94*
	12.9

	ICC 6293
	58
	52*
	53.27*
	104.67
	2.47*
	1.33*
	4.1*
	0.53
	0.27*
	1.46*
	38.7*
	6.16
	10.9

	ICC 12143
	54
	36.07
	41.93
	95.67
	2.53*
	1.47*
	3.4*
	0.87*
	0.27*
	1.44*
	63*
	10.16*
	11.1

	ICC 12184
	65
	44.87*
	47.07
	97.33
	2.8*
	1.47*
	3.2*
	0.47
	0.23*
	1.2
	59.73*
	8.79*
	13.13

	ICC 14098
	44
	41
	46.33
	95.67
	1.93*
	0.67
	1.93
	0.33
	0.17
	1.05
	59.8*
	8.35*
	13.8

	ICC 16833
	55
	43*
	46.4
	93.33
	1.8*
	1*
	2.5*
	0.4
	0.1
	1.4*
	42.67*
	10.46*
	16.77

	ICC 16853
	44
	42.8*
	47.2
	92.33
	1.67*
	0.93
	2.07
	0.33
	0.83*
	1.05
	55.53*
	14.61*
	24.27*

	ICC 19045
	60
	44.2*
	43.67
	97.33
	1.6*
	0.53
	3.33*
	0.13
	0
	1.57*
	46.27*
	8.16*
	11.43

	Annigeri (Check)
	41
	35.6
	38.87
	94.33
	1.2
	0.73
	1.93
	0.47
	0.1
	1.07
	24.13
	4.52
	18.53

	JG 11 (Check)
	41
	37.73
	42.47
	92.67
	1.27
	0.8
	1.8
	0.47
	0.17
	1.11
	40.4
	9
	20.73

	Kabuli

	ICC 18688
	53
	48.6*
	50.53*
	97
	1.67*
	0.73
	2.63*
	0.67*
	0.17
	1.41*
	61.73*
	9.3*
	9.8

	ICC 18692
	73
	34.8
	39.87
	114.33
	2.27*
	1.53*
	4.07*
	1.13*
	0.23
	1.21*
	37.73*
	7.35
	15.77

	ICC 18698
	67
	51.87*
	59*
	103.33
	1.93*
	0.93*
	3.07*
	0.47
	0.43*
	1.17
	43.8*
	8.63*
	18.37

	ICC 18706
	54
	53.2*
	60.8*
	97
	2.13*
	1.53*
	4.73*
	1.07*
	0.43*
	1.3*
	34.6*
	7.73*
	19.47

	ICC 18734
	58
	52.13*
	57.87*
	100
	2.6*
	1.13*
	4.47*
	0.93*
	0.33*
	1.03
	34.53*
	6.27
	20.97

	ICC 18771
	70
	43.53*
	50.27*
	103.67
	2.47*
	1.27*
	3.03*
	0.47
	0.1
	1.42*
	28.87
	8.48*
	19.07

	ICC 18797
	63
	47*
	50.33*
	95.33
	1.87*
	1.2*
	2.67*
	0.4
	0.23
	1.37*
	38.8*
	9.34*
	22.17

	ICC 18677
	55
	51.33*
	57.8*
	106.33
	1.8*
	1.2*
	3.27*
	0.47
	0.47*
	1.03
	20.33
	5.38
	24.47*

	ICC 19160
	61
	47.67*
	48.8
	95.67
	2.57*
	1.47*
	3.5*
	1*
	0.37*
	1.39*
	35.53*
	8.26*
	19.17

	ICC 20647
	56
	51.4*
	52.8*
	96.33
	1.67*
	0.87*
	2.33*
	0.33
	0
	1.25*
	34.07*
	5.93
	15.67

	KAK2 (Check)
	41
	37.33
	41
	91.67
	1.27
	0.6
	1.67
	0.33
	0.17
	1.04
	21.13
	4.96
	28.17

	ICCV2 (Check)
	40
	34.53
	37.6
	89.33
	1.43
	0.87
	2.67
	0.53
	0.17
	1.01
	33.87
	5.58
	16.8


Table 4: Mean performance and LSD-based grouping of chickpea accessions for agro-morphological and yield-contributing traits.
(DFF: Days to 50% flowering; PLHT: Plant height; PLWD: Plant width; DM: Days to maturity; BPB: Basal primary branches; APB: Apical primary branches, BSB: Basal Secondary Branches; ASB: Apical Secondary Branches; TB: Tertiary branches; SPP: Number of seeds per pod; PPP: Pods per plant; SWP: Seed Weight per Plant; 100SW: 100 seed weight)
Note: * indicates superiority (LSD 5%) of the accessions over the checks Annigeri (for desi accessions) and KAK2 (for kabuli accessions)
GCV (%)	
DFF	PLHT	PLWD	DM	BPB	APB	BSB	ASB	TB	SPP	PPP	SWP	100SW	20.98	18.21	15.79	6.81	28.88	34.46	33.630000000000003	58.74	80.91	16.77	42.39	28.58	36.06	PCV (%)	
DFF	PLHT	PLWD	DM	BPB	APB	BSB	ASB	TB	SPP	PPP	SWP	100SW	21.21	20.16	19.41	7.04	29.87	37.4	35.090000000000003	64.540000000000006	86.71	18.63	44.86	34.549999999999997	36.58	



Heritability (%)	
DFF	PLHT	PLWD	DM	BPB	APB	BSB	ASB	TB	SPP	PPP	SWP	100SW	97.88	81.58	66.16	93.6	93.45	84.91	91.85	82.83	87.07	81.02	89.28	68.400000000000006	97.16	GA (%)	
DFF	PLHT	PLWD	DM	BPB	APB	BSB	ASB	TB	SPP	PPP	SWP	100SW	42.77	33.880000000000003	26.45	13.58	57.51	65.41	66.39	110.13	155.53	31.09	82.52	48.69	73.22	



