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	Abstract: Cowpea (Vigna unguiculata (L.) Walp.) an important arid legume is valued for its nutritional value and adaptability to various environments. For crop improvement programme sufficient presence of genetic variability is of immense importance.  Present study was carried out to assess genetic variation among 65 cowpea genotypes yield and its related traits during kharif 2023 at UAS, Dharwad. The results of analysis of variance indicated significant differences among genotypes for all the traits studied. High phenotypic and genotypic variability was observed for plant height, clusters per plant, pods per plant, seeds per pod, test weight and grain yield indicating significant genetic potential for crop improvement. High heritability and genetic advance over mean were witnessed by the traits such as clusters per plant, pods per plant, pod length, seeds per pod, test weight, grain yield, indicates the presence of additive gene action and it would be more rewarding to bring genetic improvement in cowpea. The seed yield per plant was found to be significant and positively correlated with the number of pods per plant, number of clusters per plant, number of seeds per pod, pod length, test weight at phenotypic levels. The maximum direct effects on yield was recorded by the number of pods per plant, number of clusters per plant, pod length and number of pods per clusters well as appreciable indirect influences were exerted by number of seeds per pod and test weight.Thus these characters could be considered as selection parameters for yield improvement in cowpea as they exerted positive direct effect on dry seed yield per plant.
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Introduction
Cowpea [Vigna unguiculata (L.) Walp.] an arid legume is known for important source of plant-derived protein, amino acids and essential nutrients globally including India and also for its wide adaptability. Though the crop originated from Central Africa, India serves as a secondary centre of origin and belong to Leguminosae family with diploid chromosome number of 2n=2x=22 (Boukar et al. 2015). The name "cowpea" likely derives from its historical use as livestock feed in the United States. It is commonly known as lobia or black-eyed pea, is a versatile and drought-tolerant crop, making it suitable for multiple uses, including dry seed production, vegetable pods and fodder. It also plays a significant role in improving soil fertility through nitrogen fixation (30-40 kg N/ha). Cowpea is suitable crop in diverse cropping systems (Arya et al. 2019). It is being widely cultivated, especially in Southern states like Andhra Pradesh, Karnataka, Tamil Nadu, and Maharashtra in India due to its low input requirements and ability to perform well in marginal soils.
Known as the "poor man's meat," cowpea is rich in protein (20-32%), carbohydrates (62%), essential amino acids, minerals, and vitamins (Affrifah et al. 2022) thus make it a crucial crop for food and nutrition security, particularly in resource-limited regions. Despite of its value, study on availability of genetic diversity is relatively low in cowpea and gives wide scope for evaluation of large number of germplasm lines for further its crop improvement programme (Frota et al.2008). Further, better understanding of genetic resources variability available in the crop is the vital and foremost step in any genetic improvement program which helps in identifying the suitable parents and widening the genetic base of the crop. In this regard the present investigation aims to assess the genetic variability, character association for yield and related traits among diverse cowpea germplasm.

 Materials and Methods
A total of 65 diverse cowpea genotypes comprised 42 germplasm accessions procured from the National Bureau of Plant Genetic Resources, New Delhi, 15 local cowpea genotypes and 8 released varieties were evaluated at AICRP on Sesame and Niger, Main Agricultural Research Station, University of Agricultural Sciences, Dharwad during kharif 2024.
 The experiment was laid out in an Augmented Block Design II, adhering to recommended cultivation practices with the plant spacing of 45 x 15 cm under rainfed condition. Data were collected for twelve important traits viz., days to 50% flowering, days to maturity, number of primary branches per plant, plant height (cm), number of clusters per plant, number of pods per cluster, number of pods per plant, pod length (cm), number of seeds per pod, test weight (g), grain yield per plant (g) and protein content (%). Observations were recorded on five randomly selected plants, averaged and analyzed using R software. Variability parameters were calculated and the seed protein content was determined through the colorimetric method (Lowry et al. 1951).
Results and Discussion
The results of analysis of variance exhibited significant differences for all the twelve traits indicating existence of genetic variability among diverse cowpea genotypes (Table 1) and similar result was reported by Poornima et al. (2023) and Parmar et al. (2024) highlighting the value of genetic variability in crop improvement. The result on mean, range, genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability, genetic advance and genetic advance over percentage mean (GAM) for 65 accessions is presented in the Table 2. Higher PCV than GCV for all the twelve traits suggested both genetic and environmental factors influenced the traits. Similar results were observed earlier by Sharma et al. (2019) and Belay and Fisseha (2021). Highest PCV and GCV were recorded for number of clusters per plant, number of pods per plant, seed yield per plant, plant height and test weight. Similar results are also reported by Tambe (2013), Aliyu and Makinde (2016), Vinay et al. (2022) and Deeksha et al. (2024). 
Moderate GCV and PCV for days to 50% flowering and pod length and the results are in consistent with the prevoious reports of Chaudhary et al. (2020), Belay and Fisseha (2021) and Deeksha et al. (2024) whereas, presence of high PCV and moderate GCV for primary branches were supported by Lal et al. (2014) and Ajayi et al. (2020). Low PCV and GCV were observed for protein content and days to maturity was supported by results of   Vishwanathreddy (2016) and Tambitkar et al. (2021). PCV and GCV alone will not indicate heritable variation, highlighting the understanding of heritability and genetic advance for the traits (Johnson et al. 1955). Thus Heritability acts as an index of transmission of characters from parents to their offspring. The estimates of heritability reveals the that which character is expected to respond more to selection pressure and also in prediction of response to selection and a character with high heritability helps breeders to go for selection. The results of Table 2 indicated the high heritability coupled with high genetic advance over mean was reported for the traits viz., seed yield per plant, test weight, number of pods per plant, pod length, number of clusters per plant, days to 50% flowering, primary branches, plant height indicating. Similar findings were reported by Thorat and Gadevar (2013), Lal et al. (2014), Sharma et al. (2019), and Belay and Fisseha (2021). In the present study, high genetic advance over mean coupled with high heritability and GCV was observed for seed yield per plant, 100 seed weight, number of pods per plant, number of clusters per plant, number of seeds per pod. This clearly indicated the existence of less environmental influence on the traits and prevalence of additive gene action in their expression and these traits respond to selection.Thus suggests that these characters could be further improved through individual plant selection. Similar findin were reported in cowpea by Khandait et al. (2016), Sharma et al. (2019), and Belay and Fisseha (2021).
Correlation Studies
The correlation analysis of seed yield and yield components among 65 cowpea genotypes is presented in Table 3. Our results witnessed a significant and positive relationship between the number of pods per plant (0.89), number of clusters per plant (0.84), number of seeds per pod (0.56), pod length (0.45), test weight (0.22) and seed yield. Number of clusters per plant was positively correlated with number of seeds per pod (0.54), number of pods per plant (0.9), pod length (0.3) and protein content (0.22). Pod length was significantly positively correlated with number of seeds per pod (0.65) and test weight (0.39). Traits such as plant height, number of pods per cluster, number of branches, days to 50 per cent flowering and protein content did not show significant correlations with grain yield per plant, suggesting their lesser impact on yield. Mofokeng et al. (2020) and Sogalad et al. (2022) also recorded a significant positive correlation and contributions between yield and its component traits.   Similar results have also been reported by Sharma et al. (2017), Sharma et al. (2019) and Choudhary et al. (2020) 

Path coefficient Studies:  
Path coefficient analysis is one of the most commonly used methods in determining the interaction between traits against yield. In the present study of the 11 traits studied, six demonstrated a positive direct effect on grain yield per plant, revealing their potential as key determinants of yield. The trait with the most substantial positive impact was the number of pods per plant (0.58660), followed by number of clusters per plant (0.4005), days to 50 per cent flowering (0.21796), pod length (0.17664), number of pods per cluster (0.11372) and plant height (0.01254). The trait showed positive indirect effects through days to maturity (0.20482), number of seeds per pod (0.00899) and test weight (0.00616). Protein content displayed positive indirect effects through number of pods per plant (0.14178), number of clusters per plant (0.08853), pod length (0.01420), number of pods per cluster (0.01362).  Our results are in accordance with the work of Nguyen et al. (2019), Sogalad et al. (2022) and Gupta et al. (2023).
Conclusion
Our present study evaluated genetic variability, heritability and correlation among yield, its related traits and protein content among 65 cowpea germplasm. The results revealed significant genetic variability among diverse cowpea germplasm for yield and contributing traits. IC209180, EC724243, EC723788 recorded high seed yield per plant while, EC738274, EC36770A, IC209180, EC723788 showed high value for different yield contributing traits and EC390235, EC724243, DCS 47-1 and Malali local witnessed high seed protein content.  High heritability coupled with high genetic advance in yield traits such as clusters, pods per plant, seeds per pod, test weight and grain yield provides scope for the use of phenotypic selection for the development of high yielding cowpea varieties. Further, the positive correlation and high positive direct effects revealed by economic yield components suggests that yield of cowpea may be enhanced by improving these traits. The genotypes witnessing high yield and high protein content serve as good source in cowpea breeding programmes and developing cultivars which helps in food and nutritional security in developing countries like India under climate change situation.
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Table 1: ANOVA for twelve quantitative traits in cowpea germplasm

	Source
	d.f.
	Mean sum of squares

	
	
	Days to 50% flowering
	Days to maturity
	Number of primary branches per plant
	Plant height (cm)
	Number of clusters per plant
	Number of pods per cluster
	Number of pods per plant
	Pod length
	Number of seeds per pod
	Test weight
	Grain yield per plant (g)
	Protein content (%)

	Treatment (ignoring Blocks)
	64
	80.07**
	92.01**
	0.59**
	217.96**
	6.64**
	0.08*
	19.52**
	8.76**
	10.62**
	9.14**
	23.21**
	1.01**

	Treatment: Check
	4
	638.84**
	602.34**
	1.25**
	387.49**
	3.36**
	0.06
	20.25**
	28.76**
	12.56**
	10.76**
	24.03**
	0.24

	Treatment: Test
	59
	41.90**
	56.32**
	0.55**
	209.60**
	5.84**
	0.08*
	15.65**
	7.48**
	9.33**
	9.17**
	21.90**
	0.84**

	Treatment: Test vs. Check
	1
	96.90**
	156.36**
	0.02
	33.49
	67.13**
	0.00
	244.89**
	4.27**
	79.01**
	0.89
	96.92**
	14.63**

	Block (eliminating Treatments)
	4
	6.14
	8.84
	0.02
	22.88
	0.02
	0.03
	0.45
	0.46
	0.52
	0.12
	1.40
	0.07

	Residuals
	16
	7.14
	3.54
	0.14
	39.13
	0.97
	0.03
	2.32
	0.84
	2.13
	1.71
	4.52
	0.16

	CD (5%)
	
	6.80
	4.79
	0.96
	15.91
	2.51
	0.45
	3.87
	2.34
	3.71
	3.32
	5.41
	1.01

	SEm
	
	3.21
	2.26
	0.45
	7.51
	1.18
	0.21
	1.83
	1.10
	1.75
	1.57
	2.55
	0.48

	CV
	
	5.33
	2.35
	11.29
	14.48
	16.84
	9.55
	15.19
	6.25
	12.83
	11.46
	15.38
	1.68


** = significant at 5% level of probability, * = significant at 1% level of probability, CD = Critical difference, SEm = Standard error, CV = Coefficient of variation.









Table 2: Genetic variability parameters for yield and yield attributes and protein content

	[bookmark: _Hlk173002936]Trait
	Range
	Mean
	Variability
	h2bs (%)
	GA
	GAM (%)

	
	Min
	Max
	
	GCV (%)
	PCV
(%)
	
	
	

	Days to 50% flowering
	35.80
	60.24
	50.39
	11.65
	12.79
	82.96
	11.08
	21.89

	Days to maturity
	65.60
	90.00
	79.95
	9.02
	9.31
	93.71
	14.51
	18.00

	Number of primary branches per plant
	1.17
	4.89
	3.32
	19.35
	22.41
	74.53
	1.14
	34.46

	Plant height (cm)
	20.96
	89.92
	42.42
	30.78
	34.13
	81.33
	24.29
	57.27

	Number of clusters per plant
	1.76
	11.94
	5.42
	40.68
	44.55
	83.38
	4.16
	76.63

	Number of pods per cluster
	1.18
	2.42
	1.85
	12.20
	15.49
	61.95
	0.37
	19.80

	Number of pods per plant
	2.78
	20.04
	9.22
	39.60
	42.91
	85.17
	6.95
	75.40

	Pod length (cm)
	8.98
	21.60
	14.58
	17.67
	18.76
	88.73
	5.01
	34.34

	Number of seeds per pod
	6.46
	18.57
	10.91
	24.60
	27.99
	77.20
	4.86
	44.59

	Test weight (g)
	6.51
	17.09
	11.45
	23.87
	26.46
	81.41
	5.09
	44.44

	Grain yield per plant (g)
	5.46
	25.15
	13.31
	31.33
	35.17
	79.37
	7.51
	57.58

	Protein (%)
	21.48
	25.53
	23.37
	3.53
	3.91
	81.22
	1.53
	6.55


GCV = Genotypic coefficient of variation, PCV = Phenotypic Coefficient of Variation, GA = Genetic advance, GAM = Geneticadvance over mean, h2bs = Heritability in broad sense



Table 3: Phenotypic correlation for yield and yield related traits in sixty-five cowpea accessions
	
	Days to 50% flowering
	Days to maturity
	Number of branches per plant
	Plant height (cm)
	Number of clusters per plant
	Number of pods per cluster
	Number of pods per plant
	Pod length
	Number of seeds per pod
	Test weight
	Grain yield per plant (g)
	Protein (%)

	Days to 50% flowering
	1.00
	0.94***
	0.07
	-0.07
	-0.280
	-0.13
	-0.27*
	-0.07
	-0.14
	-0.10
	-0.17
	0.00

	Days to maturity
	
	1.00
	0.11
	-0.10
	-0.28**
	-0.189
	0.14
	0.12
	-0.20
	0.09
	-0.25*
	-0.02

	Number of branches per plant
	
	
	1.00
	0.19
	0.14
	0.10
	0.12
	-0.12
	0.04
	-0.25*
	0.00
	0.12

	Plant height (cm)
	
	
	
	1.00
	-0.03
	0.11
	-0.02
	-0.12
	-0.14
	-0.20
	-0.03
	-0.04

	Number of clusters per plant
	
	
	
	
	1.00
	-0.28*
	0.90***
	0.33**
	0.54***
	0.09
	0.84***
	0.22*

	Number of pods per cluster
	
	
	
	
	
	1.00
	0.08
	-0.06
	0.07
	0.08
	-0.01
	0.12

	Number of pods per plant
	
	
	
	
	
	
	1.00
	0.38***
	0.60***
	0.15
	0.89***
	0.24*

	Pod length
	
	
	
	
	
	
	
	1.00
	0.65***
	0.39***
	0.45***
	0.08

	Number of seeds per pod
	
	
	
	
	
	
	
	
	1.00
	-0.01
	0.56***
	0.29*

	Test weight
	
	
	
	
	
	
	
	
	
	1.00
	0.22*
	0.01

	Grain yield per plant (g)
	
	
	
	
	
	
	
	
	
	
	1.00
	0.11

	Protein (%)
	
	
	
	
	
	
	
	
	
	
	
	1.00



Table 4: Path coefficient analysis for yield and yield contributing traits in sixty-five cowpea germplasm accessions
	
	Days to 50 per cent flowering
	Days to maturity
	Number of branches per plant
	Plant height (cm)
	Number of clusters per plant
	Number of pods per cluster
	Number of pods per plant
	Pod length
	Number of seeds per pod
	Test weight
	Protein (%)
	Correlation coefficients of yield related traits with yield per plant

	Days to 50 per cent flowering
	-0.11904
	0.20482
	-0.00905
	-0.00084 
	-0.07897
	-0.01521
	-0.15885
	-0.01205
	0.00899
	0.00616
	-0.00035
	-0.17

	Days to maturity
	-0.11186
	0.21796
	-0.01482
	-0.00131
	-0.11141
	-0.01581
	-0.20771
	-0.02130
	0.01233
	0.00592
	0.00232
	-0.25*

	Number of branches per plant
	-0.00793
	0.02378
	-0.13583
	0.00235 
	0.05665
	0.01138
	0.07051
	-0.02167
	-0.00269
	0.01588
	-0.01313
	0.00

	Plant height (cm)
	0.00798
	-0.02278
	-0.02542
	0.01254
	-0.01084
	0.01282
	-0.00950
	-0.02074
	0.00879
	0.01309
	0.00476
	-0.03

	Number of clusters per plant
	-0.02350
	-0.06070
	-0.01924
	-0.00034 
	0.40005
	-0.03147
	0.53046
	0.05845
	-0.03346
	-0.00583
	-0.02502
	0.84***

	Number of pods per cluster
	0.01588
	-0.03021
	-0.01356
	0.00141
	-0.11037
	0.11372
	0.04705
	-0.01085
	-0.00425
	-0.00511
	-0.01350
	-0.01

	Number of pods per plant
	0.03224
	-0.07718
	-0.01633
	-0.00020
	0.36177
	0.00915
	0.58660
	0.06740
	-0.03740
	-0.00951
	-0.02733
	0.89***

	Pod length
	0.00812
	-0.02629
	0.01667
	-0.00147
	0.13238
	-0.00700
	0.22385
	0.17664
	-0.04060
	-0.02520
	-0.00909
	0.45***

	Number of seeds per pod
	0.01715
	-0.04309
	-0.00586
	-0.00177
	0.21467
	0.00778
	0.35178
	0.11499
	-0.06235
	0.00048
	-0.03309
	0.56***

	Test weight
	0.01138
	-0.02005
	0.03350
	-0.00255 
	0.03620
	0.00906
	0.08664
	0.06912
	0.00047
	-0.06439
	-0.00107
	0.16

	Protein (%)
	-0.00037
	-0.00447
	-0.01577
	-0.00053
	0.08853
	0.01362
	0.14178
	0.01420
	-0.01825
	-0.00061
	-0.11304
	0.11


Residual Effect: 0.1559
