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Abstract
This study aimed to examine the genetic diversity among 48 cowpea genotypes through multivariate analysis. The cluster analysis indicated that the genotypes were categorized into six distinct clusters. Cluster III emerged as the largest, comprising 11 genotypes, followed by Cluster IV with ten genotypes, and Clusters II and V, each containing nine genotypes. Notably, Cluster III exhibited the highest intra-cluster distance. Crossbreeding among the genotypes in Clusters IV and V, as well as between Clusters II and IV, and II and III, is likely to yield novel recombinants due to the significant inter-cluster distances observed. Cluster I demonstrated superior performance in agronomic traits, followed by Clusters II and V. Principal component analysis highlighted several traits that are crucial for differentiating the variations present in the germplasm collection. Specifically, the number of pods per plant, number of clusters per plant, number of pods per cluster, and 100-seed weight were identified as key factors in the classification of variation. Consequently, these findings will be instrumental in selecting parent genotypes for the enhancement of various morphological traits examined in this research.
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Introduction
Malnutrition is an important global issue as it affects all people despite geography, socio-economic status, and gender, overlapping household communities and countries. As per the Food and Agricultural Organisation, 14.5% of India’s population is undernourished and the Global Hunger Index 2019 report states that India is ranked abysmally low at 102nd position out of 117 countries (Singh and Kumaraswamy, 2022). Nutrition is a solitary pillar of satisfactory health and cognitive abilities. The Indian Market Research Bureau 2017 report states that Indian protein deficiency stands at more than 80% measured against the recommended 60 per day. Pulse grains are an excellent source of protein, carbohydrates, dietary fibre, vitamins, minerals, and phytochemicals. India is the world's largest producer and consumer of pulses, accounting for 25-28 percent of global output and 35 percent of global land area. By 2050, the country will need 39 million tonnes of total pulses, necessitating a 2.2 percent yearly increase in pulse production (Praharaj et al., 2021). The majority of pulses aid in soil nitrogen fixing. Bengal gram, green gram, red gram, black gram, cowpea, lentil, horse gram, and field pea are some of the pulse crops grown in India. The United Nations designated 2016 as the International Year of Pulses to raise awareness on pulse production. Madhya Pradesh, Rajasthan and Uttar Pradesh are the three states in India that produce the most pulses, accounting for roughly 59 percent of the total output. In 2019-20, India's pulses area was 29.04 million hectares, producing 23.30 million tonnes (Sadhanala et al., 2021). However, there will be a 10% gap, which will necessitate three million tonnes of imports, according to the India Pulses and Grains Association (IPGA). The cropping area of pulses in Haryana is almost decreasing due to mono-cropping of wheat and rice. The percentage growth rate in cropped area as well as total pulse output shows a lot of variation, although in Haryana it is decreasing year after year (Sonika i.e., 2020). As a result, there is a pressing need to produce pulse types that are high-yielding, early ripening, drought tolerant, photo-thermo intolerant, resistant to foliar diseases, mechanically harvestable and can be used in the rice-wheat cropping system. Pulse crops, such as cowpea, which have nearly all of the traits listed above, can help India increase its pulse production.
Cowpea (Vigna unguiculata (L.) Walp.) is an important and resilient legume crop of the semi-arid tropics. Long-term breeding efforts through the Bean/Cowpea Collaborative Research Support Program (CRSP) have contributed significantly to the development of cultivars with improved tolerance to drought, resistance to major pests, and better adaptation to low-input production systems (Hall et al., 2003). For sustained genetic improvement, a clear understanding of the available genetic diversity is crucial, and studies combining phenotypic evaluation with SNP-based analyses have demonstrated considerable variation within cowpea germplasm that can be effectively utilized in breeding programs (Nkhoma et al., 2020).
Cowpeas possess the exceptional capacity to fix nitrogen, even in extremely deficient soils (pH range 4.5–9.0, organic matter < 0.2%, and a sand concentration > 85%). Due to its shade tolerance, it can be grown as an intercrop with a variety of cereals and root crops, cotton, sugarcane, and several plantation crops. Cowpea's rapid growth and ground cover, when combined with these qualities, have made it a crucial part of sustainable subsistence farming in dry tropical climates and marginal lands where rainfall is limited and soils are sandy with little organic matter (Singh et al., 1997). 
Although classified as a minor pulse in India, it is widely cultivated in states like Rajasthan, Karnataka, Kerala, Tamil Nadu, Punjab, and Haryana. In Haryana, cowpea is primarily grown for its green pods and as a fodder crop. Recent evaluations of different cowpea varieties under Haryana's agro-climatic conditions have identified 'Kashi Kanchan' and 'P-263' as superior cultivars, exhibiting higher pod yields and better adaptability (Kumar et al., 2022). These varieties have shown promise in enhancing cowpea production in the region. Cowpea is a highly adaptable crop with multiple uses, allowing farmers to harvest it for grain or utilize it as livestock forage. The dried seeds are consumed as pulses, while the immature pods, green leaves, and tender twigs serve as vegetables (Panchta et al., 2020). Furthermore, it is valuable for fodder, with both green and dried seeds being suitable for preservation and processing.
Owing to its adaptability, nutritional benefits, and soil-enriching properties, cowpea plays a crucial role in food security and sustainable farming. However, as it remains a minor pulse in India, further research is needed to enhance its yield potential, improve disease resistance, and refine agronomic practices. Genetic improvement is achieved by screening appropriate germplasm for various traits of interest. The development of locally adapted high-yielding cowpea cultivars requires the use of different genotypes in breeding programs to integrate different traits according to the needs of growers and end-users. The wild cowpea gene pool serves as a powerful source of genetic diversity that can be recombined with established local cultivars to broaden the genetic base and improve economic traits. Genetic diversity among genotypes is a valuable genetic resource for breeding programs, building new agricultural systems, diversifying production, and creating new high-value commodities. Knowledge of genetic similarity/dissimilarity enables a better understanding of germplasm sampling and helps plant breeders select parents for breeding and introgression of the gene from distantly related germplasm. Therefore, this study aims to identify the diversity and variability of exotic and indigenous cowpea genotypes to estimate the components of variability and degree of divergence among germplasm lines and its yield attributing traits, for selection of superior genotype and its yield attributing traits.


Materials and Methods
	Using a Randomised Complete Block Design (RCBD) with three replications, 48 cowpea (Vigna unguiculata (L) Walp) genotypes were assessed in the summer of 2021 at the Forage Research Area of the Department of Genetics & Plant Breeding, CCS Haryana Agricultural University, Hisar. The study location is situated in a subtropical area that is dry, with scorching summers, cold winters, and little precipitation. The plants of each genotype were grown in two-meter-long paired rows with a 45-cm gap between rows and a 15-cm gap between plants. The following characteristics were observed: plant height (cm), number of pods per cluster, number of clusters per plant, number of pods per plant, number of seeds per pod, number of branches per plant, 100 seed weight (g), seed yield per plant (g), crude protein content (%), and days to 50% flowering and days to maturity. For each genotype from each replication, five competitive plants were chosen from the center of each row that was used for data collection.
Statistical analysis  



The data analysis for various agro-morphological traits of cowpea was done as per the standard statistical procedures. The clustering method was originally developed by Ward (1963). Several authors independently proposed its names as Minimum Variance Clustering, Sum of Squares method (Orloci, 1967) and Incremental Sum of Squares method (Burr, 1968). The years, i.e., the objects, have been grouped based on a specific criterion, which is presumed to be measuring the similarity between the years. Once the clusters have been formed, the objects and their respective distances are represented in the form of a tree diagram, termed as a dendrogram. Here, on the X-axis, the objects are shown in the same order, as they are included in the clusters and the ‘stem’ or links between the clusters (and the objects) are drawn on the Y-axis whose height relies upon the average distance between the clusters. Principal component analyses were performed using XLSTAT software and R software was used to conduct genetic divergence analysis.



Table 1:  List of 48 genotypes evaluated during the experiment

	S. No.
	Genotype
	Pedigree 
	Source
	S. No.
	Genotype
	
	Source

	1.
	Pant Lobia 7
	-
	GBPUA&T, Pantnagar
	25
	VCP 12005
	Vamban 1 X VCP 23
	NPRC,Vamban

	2.
	Pant Lobia 3
	-
	GBPUA&T, Pantnagar
	26.
	PMCP 1016
	Mutant from Phule Phandhari 
	ARS ,Pandharpur

	3.
	GC 3
	-
	SDAU, S.K.Nagar
	27.
	SKUA-WCP-149
	Chandura X Koil
	SKUAS&T, Srinagar

	4.
	RC 101
	-
	RARI, Durgapura
	28.
	PGCP 69
	PGCP-33 x PL-3
	GBPUA&T, Pantnagar

	5.
	GC 1601
	GC-2 x PGCP-1
	SDAU, S.K.Nagar
	29.
	GC 1805
	GC-5 x PGCP-12
	SDAU, S.K.Nagar

	6.
	PGCP 71
	Pant Lobia-1 x PGCP-28
	GBPUA&T, Pantnagar
	30.
	CPD 340
	RGC-101 x GC-3
	RARI, Durgapura

	7.
	PGCP 73
	Pant lobia 2 X Pant lobia 5
	GBPUA&T, Pantnagar
	31.
	VCP 12006
	Vamban 1 X COCP 7
	NPRC,Vamban

	8.
	PGCP 75
	Pant lobia 5 X PGCP 63
	GBPUA&T, Pantnagar
	32.
	PMCP 1131
	(VCM 8 X TC 71) X (TC 701-15-2-9-3)
	ARS ,Pandharpur

	9.
	GC 1802
	GC 2 X GC 0723
	SDAU, S.K.Nagar
	33.
	Super 60
	Selection from local DCP-1 
	PRSS, Samba

	10.
	VCP 18-032
	VBN-3 x TVCP 9-30 
	NPRC,Vamban
	34.
	PGCP 6
	-
	GBPUA&T, Pantnagar

	11.
	CPD 271
	RC 101 x CPD 119
	RARI, Durgapura
	35.
	PGCP 14
	-
	GBPUA&T, Pantnagar

	12.
	PGCP 74
	Pant lobia 2 x Pant lobia 5
	GBPUA&T, Pantnagar
	36.
	EC 224035
	-
	SKUAS&T, Srinagar

	13.
	PGCP 76
	Pant lobia 5 X PGCP 63
	GBPUA&T, Pantnagar
	37.
	PGCP 4
	-
	GBPUA&T, Pantnagar

	14.
	GC 1906
	GC 502 X GC 203
	SDAU, S.K.Nagar
	38.
	PGCP 1
	-
	GBPUA&T, Pantnagar

	15.
	VCP 17-019
	VMB-3 x CP-25
	NPRC,Vamban
	39.
	PGCP 12
	-
	GBPUA&T, Pantnagar

	16.
	CPD 324
	CPD-115 x IC 389-561
	RARI, Durgapura
	40.
	GC 1602
	GC-2 x PGCP-2
	SDAU, S.K.Nagar

	17.
	HC 46
	GC 8946 X GC 8932 
	CCSHAU, Hisar
	41.
	EC 723909
	-
	-

	18.
	Pant Lobia 4
	-
	GBPUA&T, Pantnagar
	42.
	EC 202718
	-
	-

	19.
	KBC 11
	Pusa Komal x VS 398
	UAS, Banglore
	43.
	EC 224038
	-
	-

	20.
	PCP 1124-1
	RC 101 X Phule Vithai 7-1-5
	ARS, Pandharpur
	44.
	EC 1797K 499-35
	-
	-

	21.
	PGCP 70
	Pusasukomal x PGCP-14
	GBPUA&T, Pantnagar
	45.
	EC 528393
	-
	-

	22.
	PGCP 72
	Pant Lobia-1 x PGCP-28
	GBPUA&T, Pantnagar
	46.
	CPD 317
	RC 101 x CPD 119
	RARI, Durgapura

	23.
	GC 1801
	GC-2 x PGCP-1
	SDAU, S.K.Nagar
	47.
	VCP 15006
	Vamban 1 x VCP 11-006
	NPRC,Vamban

	24.
	CPD 331
	CPD-119 x Ajmer Selection
	RARI, Durgapura
	48.
	GC 1806
	-
	SDAU, S.K.Nagar




[bookmark: _Hlk191415561]Result and Discussion 
 Genetic diversity plays a crucial role in crop improvement, specifically in selecting parents for hybridization. It has been long recognized by several workers that crossing between parents from genetically diversified groups, especially in quantitative characters, would result in desirable segregates for subsequent selection. Researchers have long observed that crossing genetically diverse parents, especially for quantitative traits, often leads to desirable offspring for future selection.  To study genetic divergence between genotypes, non-hierarchical euclidean cluster analysis was carried out and genotypes were grouped into different clusters based on minimum euclidean distance using Ward’s minimum variance method developed by Ward (1963) (Table 2 and Figure 1). Cluster III had the maximum number of 11 genotypes, followed by cluster IV, which had 10 genotypes. Cluster II and V possessed nine genotypes each and cluster I and VI consisted of six and three genotypes, respectively. It was shown by Lal et al. (2017) that genetic diversity, not geographic diversity, should be used to determine the parents of a hybridization.
 The average intra and inter-cluster values among the six clusters are calculated and presented in Table 3. Intra-cluster distance varies from cluster VI (28.69) to cluster III (84.96). The average intra-cluster distance among genotypes was observed to be maximum for cluster III (84.96) followed by cluster IV (71.62), cluster V (62.06), cluster II (61.38), cluster I (35.87), cluster VI (28.69). Maximum inter-cluster distance was found between cluster IV & V (107.58) followed by cluster II & IV (110.73) and II & III (102.03). Intra and inter-cluster distance among different groups revealed that cluster IV and V had the maximum inter-cluster distance. The involvement of genotypes belonging to Cluster-IV and V, II and IV, II and III in hybridization would help achieve novel recombinants as they showed maximum inter-cluster distance.  The cluster mean of all the six clusters for each quantitative character is presented in Table 4. Cluster I showed high mean value for traits, viz. days to maturity, number of seed per pod, and 100-seed weight. Cluster II has a high mean value for two traits, namely the number of pods per plant and seed yield per plant. For crude protein content and days to 50%flowering, cluster III has a high mean value. Cluster IV has a low mean value for the number of pods per cluster. For plant height and pod length, cluster V has a desirable mean value and cluster VI has a mean value for number of branches per plant. Cluster mean for 12 characters suggested that cluster II showed the highest mean values for seed yield per plant, number of pods per plant, and cluster I had a high mean value for days to maturity, number of seeds per pod, and 100-seed weight. Cluster VI observed highest values for number of branches per plant, whereas cluster III exhibited the highest values for days to 50% flowering and crude protein. Cluster V possessed the highest mean values for plant height and pod length. It was evident that Cluster V was found to be best performing for agronomic characters, followed by Cluster VI and Cluster III, while, Cluster II is best performing for quality traits and earliness. This result was following the previous report of Brahmiah et al. (2014), Akhter et al. (2014),  Viswanatha and Yogesh (2017), Lal et al. (2017), Jindal et al. (2018), Lal et al (2018), Arya et al. (2019), Alvarez et al. (2021).
 Figure 2 shows the similarity /dissimilarity matrix of the genotypes under the study based on Euclidean distance. The genotypes, depicted in dark orange colour, are highly diverse while the highly similar genotypes are shown in blue colour. Hence, from this figure it can be concluded that the genotypes CPD 331 and GC 1805, VCP 18-032 and PMCP1016 are highly similar while the genotypes GC 1806 and PGCP73, VCP 17-019 and PGCP 12 are highly diverse.
Principal component analysis (PCA) is a multivariate statistical technique that simplifies and evaluates the interrelationship between many variables in terms of a small number of components without losing any vital information of the original data sets (Clifford and Stephenson, 1975). The PCA breaks down a big collection of data into a smaller number of components by looking for groups with very strong inter-correlation in a set of variables, with each component explaining a percentage of the overall variability. The first main component contributes the most to overall population variation, followed by subsequent components (Das et al., 2017). 
[image: ][image: ][image: ][image: ][image: ]The scree or elbow test is the major criteria for selecting principal components, where we plot the eigenvalues according to their size and determine whether there is a point in the graph (‘elbow') where the slope of the graph changes from ‘steep' to ‘flat’, keeping only the components that are before the elbow (Jolliffe, 2002; Cattell, 1966). Another common practice is to keep only those components with eigenvalues greater than the average. The conventional recommendation for especially the correlation matrix-based PCA is to keep only the eigenvalues larger than 1 (Kaiser, 1961). Another methodology includes the amount of total variance explained (i.e., >80%) by the principal components (Johnson and Wichern, 2014).
This method identifies groups of highly inter-correlated variables, with each component accounting for a percentage of the total variability in the dataset, thereby preserving essential details while simplifying the data structure.
In the present investigation, the first six principal components accounted for more than 76.81% of total variation (Table 5), and out of 12 Principal components (PCs), four PCs have more than 1 Eigenvalue (Table 5). The scree plot represents each principal component's percent variation of eigenvalue. The Principal Components having eigenvalue less than one are treated as non-significant. The first Principal component (PC1) contributes 27.147% of total variability while the twelve Principal components (PC12) contribute only 1.748. The first six PCs cumulatively contribute 76.81% of the variation. For the evaluation and characterization of genotypes, more than 75% of the total variation is acceptable (Singh et al. 2017). The number of branches per plant (0.688), number of pods per cluster (0.747), 100-seed weight (0.787), and seed yield per plant showed positive factor loading scores in PC1 and other traits displayed negative loading. Traits with large values nearer to the unit value have more impact than those with lower values close to zero (Chahal and Gosal 2002). The positive and negative sign of the loading score shows the direction of the association between the variable and components (Sanwal et al 2021). In PC 2, 100-seed weight (0.113), number of seed /pod (0.389), plant height (0.293), days to maturity (0.599), and pod length (0.616) showed positive factor loading and remaining traits showed negative loading. 
The higher the absolute value in the principal components, the higher the character contribution towards the divergence. We observed that the twelve quantitative characters are placed in all quadrants and crude protein, days to 50 % flowering have a negative association with days to maturity and the number of seeds per pod in the opposite quadrant. Characters closer to the or considered to have lower loading scores with the least contribution towards divergence (days to 50% flowering, plant height, pod length, and crude protein content) and characters away from the origin are considered to have the highest loading score (seed yield per plant, 100-seed weight, number of branches per plant) with a maximum contribution towards the divergence (Figure 4).
Biplot between PC1 and PC2 that presents the divergence among the genotypes. The scattering plot is based on the principal component score of genotypes. Those genotypes closer to the origin have more similarity or less diversity and the genotype apart from the origin are more diverse (Fig.3) (Distribution of cowpea genotype based on PC1 and PC 2)
Therefore, the present study confirmed that the cowpea genotypes showed significant variations for the characters studied and it suggested many opportunities for genetic improvement through selection. In the biplot graph the character closer to the origin considers red to have a lower loading score with the least contribution towards divergence and characters away from them are considered to have the highest loading score with a maximum contribution towards the divergence these findings are also supported by  Kamara et al. (2017), Nkoana et al. (2019), Vijay Kumar (2020), Sulthana et al. (2021). This result indicated character contributing maximum divergence should be given greater emphasis for deciding the type of cluster for further selection and the choice of a parent for hybridization.
Conclusion 
Analysis of 48 cowpea genotypes revealed substantial genetic diversity, emphasizing its critical role in plant breeding and hybridization strategies. Cluster analysis revealed that genotypes under study were more diverse, which could be utilized for future hybridization programs, and it can release transgressive segregants for economic trait improvement.  The formation of six distinct clusters indicated that genetic variation was more influential than geographical origin in genotype classification. Cluster III exhibited the highest intra-cluster diversity, while the most significant inter-cluster distances were observed between Clusters IV and V, II and IV, and II and III. These findings suggest that crossing genotypes from genetically distant clusters could enhance heterotic effects and lead to superior recombinants. Cluster mean evaluation further highlighted that Cluster I excelled in agronomic traits, whereas Cluster III performed best in quality traits and early maturity. The observed genetic divergence among clusters underscores the potential for broadening the genetic base of cowpea through strategic breeding efforts, ultimately supporting the development of high-yielding, early-maturing, and nutritionally improved cultivars with better adaptability to varying environmental conditions. Principal component analysis has identified a few characters that play a prominent role in classifying the variation existing in the germplasm set. The PCA identified the number of pods/ plants, the number of clusters/plants, the number of pods/clusters, and the 100-seed weight in different principal components as the most important for classifying the variation. Thus, the principal component analysis used in the study revealed the high genetic variation among the genotypes studied and explained the traits contributing to this diversity. Hence the results will be of greater benefit to identifying parents for improving various morphological traits evaluated in this study.





	Cluster 
no.
	Number of 
Genotypes
	Genotypes

	1
	6
	Pant Lobia 7, Pant Lobia 3, PGCP 73, CPD 340, CPD 317, VCP 15006

	2
	9
	GC3, GC 1601, PGCP 71, GC 1906, PGCP 70, PGCP 69 VCP 12006, PGCP 6, PGCP 12

	3
	11
	RC 101, GC 1802, VCP 18-032, CPD 271, PGCP 74, PGCP 76, CPD 32, CPD 331, PMCP1016, EC 224035, PGCP 1

	4
	10
	PGCP 75, VCP 17-019, HC 46, Pant Lobia 4, KBC 11, PGCP 72, VCP 12005, SKUA-WCP-149, GC 1805, GC 1806

	5
	9
	PCP 1124-1, GC 1801, PGCP 14, GC 1602, EC 723909, EC 202718, EC 224038, EC 1797K 499-35, EC 528393

	6
	3
	PMCP 1131, Super 60, PGCP 4


Table 2:-  Distribution of 48 genotype among six cluster  

	[image: ]
	Fig.1: Dendrogram showing the clustering pattern of 48 cowpea genotypes

	
	
	1 Cluster
	2 Cluster
	3 Cluster
	4 Cluster
	5 Cluster
	6 Cluster

	1 Cluster
	35.87
	77.67
	70.35
	70.06
	79.14
	48.52

	2 Cluster
	
	61.38
	102.03
	110.73
	65.93
	68.84

	3 Cluster
	
	
	84.96
	93.65
	98.10
	55.39

	4 Cluster
	
	
	
	71.62
	107.58
	67.32

	5 Cluster
	
	
	
	
	62.06
	66.00

	6 Cluster
	
	
	
	
	
	28.69


Table 3:	Inter and Intra (diagonal) cluster distance among different clusters in Cowpea

Table 4: Cluster mean for 12 characters in 48 genotypes of Cowpea

	Characters
	Cluster

	
	I
	II
	III
	IV
	V
	VI

	Days to 50% flowering
	37.83
	38.67
	43.21
	37.57
	36.85
	44.56

	Days to maturity
	112.83
	89.04
	92.97
	91.03
	97.33
	97.33

	Plant height (cm)
	92.01
	109.85
	109.98
	93.59
	124.34
	98.51

	No. of branches per plant
	12.72
	11.48
	8.30
	7.10
	7.11
	14.89

	No. of pods per plant
	42.56
	44.04
	32.73
	25.47
	27.33
	22.33

	No. of clusters per plant
	16.56
	17.41
	13.15
	16.67
	12.19
	12.67

	No. of pods per cluster
	2.72
	2.59
	2.12
	1.97
	2.00
	2.00

	No. of seeds per pod
	14.33
	11.67
	14.09
	12.10
	12.22
	10.33

	Pod length (cm)
	12.33
	13.33
	13.82
	14.20
	16.44
	10.33

	100-seed weight (g)
	16.32
	15.88
	14.49
	11.56
	13.51
	13.33

	Crude protein content (%)
	24.92
	25.49
	26.38
	25.95
	24.69
	25.70

	Seed yield per plant (g)
	19.65
	20.25
	10.25
	8.52
	9.37
	14.78




Figure 2  shows how the similarity /dissimilarity matrix of the genotypes under the study is based on Euclidean distance
[image: ]


Table 5 :	Eigen value of Principal components for yield and its attributing traits in cowpea
	
	PC1
	PC2
	PC3
	PC4
	PC5
	PC6
	PC7
	PC8
	PC9
	PC10
	PC11
	PC12

	Eigenvalue
	3.258
	1.456
	1.342
	1.231
	1
	0.931
	0.869
	0.603
	0.428
	0.346
	0.326
	0.21

	Variability 
(%)
	27.147
	12.133
	11.186
	10.259
	8.332
	7.758
	7.239
	5.025
	3.569
	2.887
	2.716
	1.748

	Cumulative 
(%)
	27.147
	39.28
	50.466
	60.725
	69.057
	76.815
	84.055
	89.079
	92.649
	95.536
	98.252
	100



 Fig.3 Scree plot 


Table 6: Factor loading score 	
	
	PC1
	PC2
	PC3
	PC4
	PC5

	Days to 50% flowering
	-0.187
	-0.293
	-0.265
	0.35
	0.589

	Days to Maturity
	0.196
	0.599
	-0.421
	0.259
	0.229

	Plant Height (cm)
	-0.163
	0.293
	0.471
	0.244
	0.363

	No. of branches/plant
	0.688
	-0.142
	-0.226
	0.155
	0.214

	No. of pods/plant
	0.72
	0.031
	0.376
	-0.024
	0.186

	No. of cluster/plant
	0.334
	-0.125
	0.654
	-0.323
	0.159

	No. of pod/cluster
	0.747
	-0.029
	-0.302
	-0.083
	-0.34

	No. of seed/pod
	0.107
	0.389
	0.321
	0.696
	-0.263

	Pod length(cm)
	-0.341
	0.616
	0.098
	-0.144
	-0.178

	100 Seed Weight (g)
	0.787
	0.113
	-0.059
	0.098
	-0.165

	Crude Protein (%)
	-0.222
	-0.585
	0.185
	0.571
	-0.337

	Seed yield/plant 
	0.836
	-0.043
	0.105
	0.073
	0.08
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Fig.5: Distribution of cowpea genotype based on Principal component 1 and 2)
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