



Assessment of Genetic Variability and Diversity in Desi Chickpea 

       (Cicer arietinum L.) Genotypes Using Multivariate Analysis
Abstract

The current research study in chickpea programme was aimed to determine variability and genetic diversity in 24 desi genotypes raised at Regional Agricultural Research Station, Nandyal in a Randomized Block Design during Rabi 2024 - 25. The traits studied were days to 50% flowering, days to maturity, final plant stand, plant height, number of pods per plant and seed yield. Analysis of variance (ANOVA) study revealed existence of significant exploitable variation for all the traits. Moderate estimates of PCV and low GCV were noticed for seed yield coupled with moderate heritability and genetic advance. Diversity study through Principle Component Analysis implied two principal components with eigen values more than one i.e., PC1 and PC2 describes 38.6% and 19.69% respectively with a cumulative effect of 58.30% of the total variation. The 24 chickpea genotypes were grouped in three clusters based on different traits using Ward’s method of clustering, in which cluster III is the largest with 15 entries. The genotypes NBeG 2049, NBeG 2110, NBeG 2106, NBeG 2120, NBeG 2051 were found to be promising entries as they were more diverse in performance of different traits and high yielding as well and can be used for improvement of yield and its attributing traits in chickpea breeding programme. 

Keywords: Chickpea, Diversity, Hierarchial Clustering, PCA, Variability

1. INTRODUCTION 

The chickpea (Cicer arietinum L. 2n=2x=16) is also known as bengalgram, is an annual, diploid, rabi grain legume belongs to the family Fabaceae, subfamily Papilionaceae and tribe Cicereae has a genomic size of approximately 738 Mbp. It is originated in South-eastern Turkey. Based on the morphology of seed, chickpeas can be distinguished  into desi type, which have small seeds with a brown  seed coat colour, and kabuli type, which have comparatively  big seeds with cream- or beige-colored  seed coat. Chickpea is often referred as “poor man’s meat” owing to its nutritional components and sources of dietary fibre.  In India, it is cultivated in an area of 9.6 mha with a production of 11.34 mt and an average yield of 1180 Kg/ha (PC Report, 2024-25). It is a highly self pollinated crop and success of breeding program depends largely on understanding genetic variability and its effective utilization. The genotypic coefficient of variation assesses heritable variation, whereas the phenotypic coefficient evaluates the environmental impact on the genotype. The combination of heritability estimates along with genetic advancements is pivotal for predicting the specific outcomes of selecting the most suitable individuals for a given breeding program. The genetic divergence among the parental lines utilized in chickpea varietal development is crucial, as it is anticipated to generate greater variability in the segregating generations.  
The present experiment was designed to investigate variability, genetic divergence and clustering pattern of chickpea genotypes in order to select appropriate parents for use in hybridization programme and to identify genetic parameters that influence yield. 
Materials and Methods

The present research study was conducted at Regional Agricultural Research Station (RARS), Nandyal, Andhra Pradesh, India during Rabi 2023-24 and Rabi 2024-25. During 2023-24, 137 desi chickpea genotypes along with four checks were evaluated as preliminary yield trial. Out of these, 20 entries which have  recorded higher seed yield than best check (NBeG 452) were promoted to Initial Yield Trial (20 entries+ 4 checks) during Rabi 2024-25. In, 2024-25, these 24 genotypes were laid in randomised block design (RBD) with three replications by adopting a spacing of 30 cm x 10 cm. A healthy crop was raised following standard agronomic and plant protection measures. Data was recorded from ten competitive and randomly selected plants for various phenotypic characters viz., plant height (PH) (cm), number of pods per plant and seed yield  (Kg/ha). Days to 50% flowering, days to maturity, final plant stand (FPS) and 100 seed weight were recorded on plot basis. The data collected during both the seasons (Rabi 2023-24 and 2024-25) was subjected to standard statistical procedures given by Panse and Sukhatme (1978). The mean data was subjected to statistical analysis using KAUSTAT GRAPES software to determine genetic parameters variability, heritability and genetic advance. While Principal component analysis (Massy 1965 and Jolliffe 1986) and hierarchical cluster were analysed using JMP 17.0 statistical software (SAS Institute Inc., Cary, NC, USA). In hierarchial cluster analysis constellation plot was developed using Ward’s method. 
Results and Discussion

Variability estimates

The results on analysis of variance (ANOVA) for quantitative traits showed highly significant mean squares due to genotypes for all  the traits indicating exploitable level of variability among the chickpea genotypes studied (Table 1). The experimental results on mean, range, and variability parameters genotypic coefficient variation (GCV), phenotypic coefficient variation (PCV), heritability (h2b) and genetic advance as per cent of mean (GAM)  for the yield traits of chickpea were given in Table 2. The genotype NBeG 452 (C) was found to be early flowering (37 days), while NBeG 2106 flowered late (55 days). The trait days to maturity ranged from 79 days to 96 days with a mean of 85 days. The mean plant height of the genotypes was 44 cm, with NBeG 2134 reaching the maximum height of 57 cm and NBeG 2132 displaying the minimum height  of 35 cm. Mean performance of genotypes for final plant stand ranged from 113 (NBeG 2045) to 146 (NBeG 2092). Similarly higher pod number per plant was noticed in NBeG 2039 (46) and the lowest in genotypes NBeG 2129 and JG 11 (23) with an average of 28. Another important yield influencing trait i.e100 seed weight ranged from 17 (NBeG 2117) to 32 (NBeG 2025). Further, the results also reported that high  PCV compared to GCV for plant height, number of pods/ plant and seed yield, inferring  visible variation due to influence of environment  apart from genotypes. However,  minimal difference was observed between PCV and GCV for traits,  days to 50 % flowering, days to maturity, final plant stand and 100 seed weight. While,  moderate PCV and GCV was observed for number of pods per plant (Deshmukh et al., 2024). Similarly, moderate PCV and low GCV was recorded for grain yield per plant indicating that trait has more response to environment (Durgarani et al., 2025). In contrary, Srikanth et al.,(2024) reported high PCV and GCV for grain yield per plant . Plant height and days to maturity recorded low PCV and GCV indicating low variability for these characters and selection for improvement of these traits will be unfruitful. Similar result was reported by Deshmukh et al., (2024) for plant height and days to maturity. While,  Devi et al. 2024 recorded low PCV and GCV for days to maturity.
Heritability and genetic advance estimates

In the present investigation, heritability (h2b) estimates for the traits ranged from 24 (plant height) to 98 (days to maturity). Further, information on genetic variation coupled with heritability and genetic advance estimates provide more accurate idea about the efficiency of selection (Burton, 1953). Higher heritability estimates makes the selection process simple and greater  response to selection. High heritability estimates (> 60) noticed for days to 50 % flowering, days to maturity, final plant stand and 100 seed weight. Devi et al. 2024 Srikanth et al.,(2024), Yuvaraja et al., (2023),  Manisha et al., (2023) and Babbar et al., (2015) also recorded high heritability for all these traits except for final plant stand. Moderate estimates of heritability was observed in number of pods per plant (Durgarani  et al., 2025 )  and seed yield (Babbar et al., (2015). The trait plant height exhibited low heritability estimates. The results on genetic advance as per cent of mean indicated that out of the seven traits studied,  four traits viz., days to 50 % flowering, final plant stand, number of pods per plant and 100 seed weight recorded high values (>20) while days to maturity (14.67%) and seed yield (11.98%) exhibited moderate levels (10-20%). Plant height exhibited low genetic advance as per cent of mean (4.14). While predicting genetic gain under selection, heritability estimates in combination with genetic advance are typically more insightful than heritability estimates alone. High heritability coupled with high genetic advance as per cent of mean was recorded for days to 50 % flowering,  final plant stand and 100 seed weight indicating the preponderance of additive genes suggesting the higher additive gene action than the environmental influence, making them amenable for improvement through simple selection. These results are in concordance with Srikanth et al,  (2024), Manisha et al., (2023) and Babbar et al., (2015) for 50 % flowering and 100 seed weight. However, days to maturity showed moderate genetic advance as a per cent of mean and high heritability, implying the role of both additive and non-additive gene influences for this trait. Similarly, moderate heritability coupled with moderate genetic advance was reported for seed yield, while moderate heritability with high genetic advance as per cent of mean for number of pods per plant which signifies that these two traits, number of pods per plant and seed yield are governed by non additive gene action. Similar result was reported by Durgarani  et al., 2025 and Babbar et al., (2015) for number of pods per plant and seed yield respectively. Plant height reported low heritability and low genetic advance as percent of mean inferring it is highly effected by environmental factors and simple visible selection is effective. 
Table 1 : Analysis of variance for yield and yield component characters in desi Chickpea  genotypes
	Source of Variation
	df
	Days to 50% flowering 
	Days to Maturity
	Plant Height

(cm)
	Final Plant Stand
	Number of Pods per plant
	100 Seed weight (g)
	Seed Yield

(Kg/ha)

	Replication
	2
	2.62
	0.93
	9.99
	152.72
	14.78
	1.00
	129726

	Treatment
	23
	135.61**
	101.05**
	119.13**
	172.97*
	68.43**
	38.91**
	128900**

	Error
	46
	2.33
	0.80
	4.08
	89.28
	13.53
	1.57
	49552.7


  **Significant at 1 per cent level of probability, * Significant at 5 per cent level of probability
Table 2 : Estimation of  genetic parameters for yield and yield traits in Chickpea genotypes

	Parameters
	Mean ± 

SE (m)
	CD

(0.05)
	CV

(%)
	Range
	PCV (%)
	GCV (%)
	Heritability (h2b)
	Genetic advance as per cent of mean (GAM)

	
	
	
	
	Minimum
	Maximum
	
	
	
	

	 Days to 50% flowering
	45 ± 0.88
	2.5
	3.39
	37
	55
	15.77
	15.40
	95.00
	30.98

	Days to Maturity
	85 ± 0.51
	1.47
	1.049
	79
	96
	7.27
	7.20
	98.00
	14.67

	Plant Height

(cm)
	44 ± 1.13
	3.24
	4.5
	35
	57
	8.45
	4.12
	24.00
	4.14

	Final Plant Stand
	128 ± 5.45
	15.58
	7.3
	113
	146
	15.03
	14.33
	91.00
	28.15

	Number of Pods per plant
	28 ± 2.12
	6.06
	13.04
	23
	46
	20.01
	15.17
	58.00
	23.70

	100 Seed weight (g)
	25 ± 0.72
	2.06
	5.06
	17
	32
	15.12
	14.25
	89.00
	27.66

	Seed yield (Kg/ha)
	1651 ± 128.5
	367.04
	13.48
	1214
	2165
	16.70
	9.85
	35.00
	11.98


Principal Component Analysis               

           Principal Component analysis is a statistical procedure that converts a set of observations of possibly correlated variables into a set of values of linearly uncorrelated variables known as principal components using orthogonal transformation. According to Azam et al., (2024), the first three principal components are often the most significant in showing the patterns of variation among the various genotypes and the traits linked to genotype differentiation. Whereas, Raji (2002) described that traits with coefficients more than 0.3 (regardless of whether they are positive or negative) are significant, whereas, the traits with coefficients less than 0.3 are considered to have the least impact on the total variation observed. The eigen values of the first two PCs, PC1 and PC2 were greater than one, accounting for 58.30% of total variation. Qadeer et al. 2021 also reported similar result where first two principal components contributed the major share of the total variation.  The eigen values and total cumulative variances determined by PCs is narrated in Table 3. Traits on PC 1 reveal the sites of highest genetic variability while PC 2 records secondary but complementing sources of diversity. Combined PC 1 and PC 2 assists the breeders to maintain the balance of fundamental goals with simultaneous   secondary adaptations (Meena et al. 2025). PC 1 exhibited high positive values to days to maturity (0.534), days to 50 % flowering (0.493) and plant height (0.376). While, third and fourth PCs reported highest positive loading to 100 seed weight. However, second PC gave highest positive loading to seed yield (Table 4).  Rajani et al., (2020) has also reported similar findings. However, Behera et al. (2024), Umashankar et al., 2023 and Niyati et al. (2023) had highest positive loadings on phenological traits as well as seed yield per plant on PC 1. 
Table 3 : Total variance explained by different components in Chickpea genotypes

	Components
	PC1
	PC2
	PC3
	PC4
	PC5
	PC6
	PC7

	Eigen values
	2.702
	1.378
	0.958
	0.871
	0.608
	0.384
	0.097

	Proportion of  
Variance (%)
	38.60
	19.69
	13.69
	12.45
	8.69
	5.49
	1.39

	Cumulative Variance (%)
	38.60
	58.30
	71.99
	84.43
	93.12
	98.61
	100.00


Table 4 : Factor loading of different characters with respect to different principal factors in 
               Chickpea genotypes
	Principal Components
	PC1
	PC 2
	PC3
	PC4
	PC5
	PC6
	PC7

	 Days to 50% flowering
	0.493
	-0.061
	-0.005
	-0.316
	-0.086
	0.798
	-0.097

	Days to Maturity
	0.534
	0.049
	0.322
	0.283
	-0.04
	-0.13
	0.714

	Plant Height (cm)
	0.376
	0.378
	0.183
	-0.349
	0.627
	-0.306
	-0.272

	Final Plant Stand
	-0.361
	-0.418
	0.309
	0.058
	0.666
	0.316
	0.231

	Number of Pods per plant
	0.273
	-0.043
	-0.661
	0.576
	0.373
	0.08
	-0.095

	100 Seed weight (g)
	-0.164
	0.578
	0.421
	0.535
	-0.03
	0.325
	-0.262

	Seed yield (Kg/ha)
	-0.314
	0.583
	-0.39
	-0.277
	0.123
	0.203
	0.525


Biplot
The interaction between the characters and the genotypes that perform better for the traits are depicted in the biplot diagram (Figure 1). The length of the vector for each trait represents it’s offering to total divergence, longer the vector length, more is the contribution of concerned traits (Kroonenberg (1995) and Deepesh et al. 2025). The biplot depicted the relationship of 24  chickpea genotypes. The characters, seed yield and test weight are positively correlated with each other. However, they exhibited negative correlation  with all other traits except final plant stand. (Figure 1). The traits DFF, FPS and DM exhibited greater vector length implying their contribution to the total divergence. The study showed that the accessions viz., NBeG 2110, NBeG 2049, NBeG 2045, NBeG 2043 and NBeG 2154 were placed at the extreme ends of different plot quadrants. These genotypes were therefore identified as being highly divergent and having the potential to be used in a hybridization program to increase the chickpea crop's yield potential and earliness. These experimental results were in accordance with the results of Deepesh et al., (2025),  Behera et al., (2024) and Jain et al. (2021). This demonstrated that PCA is an effective technique for determining the few essential characteristics that account for the greatest variation and an useful technique for forecasting the key traits that influence the clustering of various cultivars.
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Fig. 1.Biplot comprising of 24 chickpea genotypes studied for seven traits 
DFF-Days to 50% flowering, DM: Days to maturity, PH-Plant height (cm), FPS: Final Plant Stand, Pods: Number of pods per plant 100 SW-100 seed weight (g), SY- Seed yield (Kg/ha)
Hierarchial Cluster analysis
Hierarchial cluster analysis was done with 20 chickpea genotypes along with the four checks using Ward’s method which gives finest possible classification. The analysis revealed the constitution of genotypes into three clusters (Table 5 and Figure 2). The cluster means arrived for seven major yield attributing traits revealed presence of sufficient amount of variation among the clusters (Table 6). Maximum cluster mean of overall traits was noticed in cluster III (297.63) followed by cluster II (271.13). In contrary, the least cluster mean was displayed by cluster I (263.91). This clearly indicates the existence of ample amount of genetic divergence in the chickpea genotypes of these clusters. Further, among the three divergent clusters, the higher numbers of genotypes were grouped in cluster III with 15 entries followed by cluster II and I. The entries in cluster III showed highest mean values for 100 SW and SY, similarly lowest mean values for traits like DFF, DM and PH indicating that genotypes in these clusters are early flowering, maturity with higher yields. Further, the entries of cluster I had genotypes with more plant height make them suitable for machine harvesting. While cluster II had genotypes that exhibited maximum value for seed yield. Patel et al., (2025), Jain et al., (2022) and Keneni et al., 2012  has also utilized hierarchial cluster analysis for assessing the diversity in chickpea.
Table 5. Grouping of genotypes  into different clusters

	Cluster
	No. of genotypes
	Genotypes

	1
	4
	NBeG 2025, NBeG 2043, NBeG 2045, NBeG 2039

	2
	5
	NBeG 2065,  NBeG 2154, NBeG  2117, NBeG 2149 and  NBeG 2092  

	3
	15
	NBeG 2049,  NBeG 2110,  NBeG 2106, NBeG 2120,  NBeG 2051,  NBeG 776 (C),  NBeG 2134, NBeG 2128, NBeG 2132, NBeG 2139, NBeG 452 (C), NBeG  2129, NBeG 2130, NBeG 857 (C), JG 11 (C) 
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Fig. 2.Dendrogram showing clustering by Wards method

DFF-Days to 50% flowering, DM: Days to maturity, PH-Plant height (cm), FPS: Final Plant Stand, Pods: Number of pods per plant , 100 SW-100 seed weight (g), SY- Seed yield (Kg/ha)

Table 6. Cluster means of various characters of chickpea genotypes  

	Cluster No.
	Days to 50% flowering 
	Days to Maturity
	Plant Height

(cm)
	Final Plant Stand
	Number of Pods per plant
	100 Seed weight (g)
	Seed Yield

(Kg/ha)
	Means

	1
	51
	95
	50.67
	118
	32
	25.68
	1474
	264

	2
	51
	86
	43.11
	131
	29
	20.42
	1538
	271

	3
	41
	82
	41.73
	130
	27
	25.89
	1736
	298

	Means
	47
	88
	45.17
	126
	29
	23.99
	1582
	


Ward’s Cluster Analysis
The constellation plot based on Wards method (Figure 3) depicts relationship among the 24 genotypes. Every cluster that joins as a new point with lines created will serve as a membership in the constellation plot and the entries are grouped as end points. Three clusters with memberships of four, five, and fifteen were formed from the plot of all the genotypes. The Clustering pattern described that majority of entries including all the checks congregated in cluster III (15). Further, the identified genotypes with maximum genetic distance are considered as  superior and exploited commercially in  yield improvement programme in chickpea breeding programme. The result is in concordance with Devi et al., (2024) and Shekhawat et al., (2023) where the genotypes are also grouped into various clusters based on the diversity. Genotypes present in different clusters can be hybridized for obtaining elite transgressive segregants. 
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Fig.3. Constellation plot of 24 chickpea genotypes in to 3 clusters based on Euclidean distances
CONCLUSION 

The present study revealed that genetic variability is regarded as an essential criterion for crop development. Based on the outcomes of this study, it is determined that all analyzed characters had substantial variable estimates. The PCV was greater than the GCV for all studied characters, indicating that the environment influenced their expression. For DFF, FPS and 100 SW high heritability was seen in conjunction with a high GA per cent mean. As these traits were within the influence of additive gene effect, the high heritability combined with rapid genetic progress indicates they may be enhanced by selection. Cluster analysis distributed the genotypes into three distinguished clusters. The members of cluster III (NBeG 2110, NBeG 2049, NBeG 2045, NBeG 2043 and NBeG 2154) are more diverse in performance of different traits and high yielding as well. The clustering of genotypes might assist chickpea breeders in identifying and choosing the viable genotypes. Principal component analysis reveals greatest genetic variability is predominantly attributed to the first three components. Consequently, selecting parental types based on these components would yield more advantageous outcomes. These genotypes with economically essential qualities might be utilized to integrate desirable traits in a single line with a broad genetic base.
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