Correlation and path analysis in vegetable cowpea [Vigna unguiculata (L.) Walp.]
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 Abstract 
The study was undertaken to estimate correlation coefficients and direct and indirect effects by path analysis for green pod yield per plant and its components by using 60 genotypes of vegetable cowpea. The green pod yield per plant was found to be significantly and positively correlated with pod length, pod width, number of pods per cluster, ten pod weight and number of pods per plant at both genotypic and phenotypic levels. Number of pods per plant, pod length and pod width exhibited high and positive direct effects on green pod yield per plant. Whereas, ten pod weight showed moderate and positive direct effects on green pod yield per plant. Thus, these characters were identified as the most important yield components and due emphasis should be placed on these characters while selecting for high yielding genotypes in vegetable cowpea. 
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Vegetable cowpea is called as poor man’s meat or vegetable meat due to its high amount of protein in grain with better biological value on dry weight basis. Green tender pods form an excellent nutritious vegetable and have got a potential to solve the protein problem of human diet. Yield is a complex character and is the final product of actions and interactions of various characters; hence understanding relationship between yield and its components is of paramount importance. The extent of association between yield and yield attributes can be known through correlation studies. The correlation coefficient may be confounded with indirect effect due to common association inherent in trait interrelationships. The applicability of correlation can be more clearly understood by path analysis, which allows the partitioning of correlation in direct and indirect effects and is, therefore, a valuable tool in breeding programmes (Dewey and Lu, 1959). Keeping this fact in view, present study was undertaken to estimate phenotypic and genotypic correlations and path coefficients of important agronomic traits on green pod yield per plant to formulate an efficient selection strategy.
The experimental material comprised sixty genotypes of vegetable cowpea. The genotypes were collected from the germplasm maintained at Vegetable Research Station, Junagadh Agricultural University, Junagadh. The selected genotypes consisted of released varieties as well as breeding lines developed at different sources like fifty from Junagadh, single from Anand, single from New Delhi and eight from Jagudan. The genotypes were evaluated under three replications during summer season (Feb. to June) 2013 at the Vegetable Research Station, Junagadh Agricultural University, Junagadh. Each entry was grown in a single row of 3.0 m length with a spacing of 120 cm. x 30 cm. The observations were recorded on five randomly selected plants from each entry and replication for twelve different characters viz., days to 50% flowering, days to first green pod picking, pod length, number of primary branches per plant, pod width, hundred fresh seed weight, ten pod weight, number of pods per cluster, number of pods per plant and green pod yield per plant. The mean values were used for the statistical analysis. The phenotypic and genotypic correlation coefficients for pair of the characters were worked-out through covariance analysis as per Al- Jibouri et al. (1958). The genotypic path coefficient analysis was done as per the method suggested by Dewey and Lu (1959) by using Window Stat Ver. 7.5 software programme. 
Analysis of variance revealed that highly significant differences among the genotypes were observed for all the twelve traits. Which indicating the presence of good amount of genetic variability among the material studied. In general, the values of genotypic correlation (rg) were higher than their corresponding phenotypic correlation (rp) indicating that though there was high degree of association between two variables at genotypic level, its phenotypic expression was deflated by the influence of environment (Table 1). It has also indicated that there was an inherent relationship between the characters studied which is in agreement with the conclusions of Nwosu et al. (2013) and Vavilapalli et al. (2013). 
In the present study, green pod yield per plant was found to be significantly and positively correlated with pod length, pod width, number of pods per cluster, ten pod weight and number of pods per plant at both genotypic and phenotypic levels (Table 1). Such positive interrelationship between green pod yield per plant and these attributes has also been reported in vegetable cowpea by several researchers. The positive genotypic association has been reported between green pod yield per plant and pod length (Kutty et al., 2003; Pal et al., 2003;Yadav et al., 2003; Pal et al., 2004; Patil, 2006); pod width (Peksen, 2004); ten pod weight (Misra et al., 1994);  number of pods per plant (1993; Kutty et al., 2003; Pal et al., 2003; Pal et al., 2004; Peksen, 2004; Patil, 2006). Thus, on the basis of correlations pod length, pod width, number of pods per cluster, ten pod weight and number of pods per plant were proved to be the outstanding characters influencing green pod yield in vegetable cowpea and needs to be given importance in selection to achieve higher green pod yield.
In the present study, green pod yield per plant was found to be significantly and negative correlated with days to 50% flowering and days to first picking at the genotypic and phenotypic levels. Such negative interrelationship between green pod yield per plant and these attributes has also been reported in vegetable cowpea by several researchers. The negative genotypic association has been reported between green pod yield per plant and days to 50% flowering (Pal et al., 2003; Pal et al., 2004; Kumawat and Raje, 2005); days to first picking (Pal et al., 2003; Pal et al., 2004). It means, green pod yield per plant can be improved by selecting genotype which bloom early so that first green pod picking can be done with less time which is helpful to the grower to sale at higher price the produce in the market. Remaining characters viz., number of primary branches per plant, plant height, number of seeds per pod and hundred seed weight did not show any significant relationship with green pod yield per plant.
Characters like days to 50% flowering had significant and positive correlation with hundred seed weight. However, contrary result was reported by Chattopadhyay et al. (1997), while days to first picking had negative and significant correlation at both genotypic and phenotypic levels with green pod yield per plant and numbers of pods per plant. The negative genotypic association has been reported between days to first picking and green pod yield per plant and number of pods per plant by Kutty et al., (2003). 
In the present study, the path coefficient analysis indicated that the number of pods per plant, pod length and pod width exhibited high and positive direct effects on green pod yield per plant (Table 2). Whereas, ten pod weight showed moderate and positive direct effect on green pod yield per plant. Similar results were reported by Kutty et al. (2003) and Yahaya et al. (2005). Thus, these characters turned-out to be the major components of green pod yield and direct selection for these traits will be rewarding for yield improvement. 
It was clear from the path analysis that the maximum direct as well as appreciable indirect influences were exerted by number of pods per plant, pod length, pod width, ten pod weight and number of pods per cluster. These characters also exhibited significant and positive association with green pod yield per plant and hence, they may be considered as the most important yield contributing characters and due emphasis should be placed on these components while selecting for high yielding types in vegetable cowpea.
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Table 1. Genotypic (rg) and phenotypic (rp) correlation coefficients among 12 characters in vegetable cowpea
	Characters
	
	Days to 50% flowering
	Days to first green pod picking
	No. of primary branches/ plant
	Plant height (cm)
	Pod length (cm)
	Pod width (cm)
	No. of seeds/ pod
	No. of pods/ cluster
	Ten pod weight (g)
	Hundred fresh seed weight (g)
	No. of pods/plant

	Green pod yield/plant (g)
	rg
	-0.4667**
	-0.3584**
	-0.0213
	-0.1636*
	0.2640**
	0.3841**
	0.1062
	0.3929**
	0.3087**
	0.1092
	0.8267**

	
	rp
	-0.4117**
	-0.3312**
	-0.0182
	-0.1358
	0.2230**
	0.3222**
	0.0641
	0.3546**
	0.2779**
	0.1007
	0.8257**

	Days to 50% flowering
	rg
	
	0.7434**
	0.2956**
	0.0833
	0.4498**
	0.0468
	0.0590
	-0.3138**
	0.1056
	0.2845**
	-0.6888**

	
	rp
	
	0.6943**
	0.2703**
	0.0835
	0.3818**
	0.0715
	0.0280
	-0.2916**
	0.0926
	0.2609**
	-0.6144**

	Days to first green pod picking
	rg
	
	
	0.2768**
	0.0898
	0.3413**
	0.1427
	0.0554
	-0.3590**
	-0.0252
	0.2029**
	-0.5379**

	
	rp
	
	
	0.2727**
	0.0863
	0.3146**
	0.1323
	0.0642
	-0.3544**
	-0.0234
	0.1970**
	-0.5049**

	No. of primary branches/ plant
	rg
	
	
	
	0.5885**
	0.0676
	0.1054
	0.1339
	-0.0144
	0.0887
	0.0455
	-0.0972

	
	rp
	
	
	
	0.5664**
	0.0616
	0.0919
	0.1220
	-0.0129
	0.0847
	0.0431
	-0.0903

	Plant height (cm)
	rg
	
	
	
	
	-0.2584**
	-0.1125
	-0.0851
	-0.0259
	-0.0996
	-0.1993**
	-0.0653

	
	rp
	
	
	
	
	-0.2340**
	-0.1079
	-0.0830
	-0.0300
	-0.1001
	-0.1918**
	-0.0450

	Pod length (cm)
	rg
	
	
	
	
	
	0.5295**
	0.3671**
	-0.1782*
	0.4369**
	0.5014**
	-0.1828*

	
	rp
	
	
	
	
	
	0.5297**
	0.3479**
	-0.1705*
	0.3948**
	0.4554**
	-0.1713*

	Pod width (cm)
	rg
	
	
	
	
	
	
	0.2720**
	0.2356**
	0.2331**
	0.2062**
	0.0473

	
	rp
	
	
	
	
	
	
	0.2427**
	0.2110**
	0.2118**
	0.1925**
	0.0323

	No. of seeds per pod
	rg
	
	
	
	
	
	
	
	0.0791
	0.1664*
	0.0848
	-0.0513

	
	rp
	
	
	
	
	
	
	
	0.0561
	0.1498*
	0.0688
	-0.0486

	No. of pods per cluster
	rg
	
	
	
	
	
	
	
	
	0.0384
	-0.2391**
	0.4965**

	
	rp
	
	
	
	
	
	
	
	
	0.0359
	-0.2323**
	0.4635**

	Ten pod weight (g)
	rg
	
	
	
	
	
	
	
	
	
	0.6774**
	0.0713

	
	rp
	
	
	
	
	
	
	
	
	
	0.6599**
	0.0627

	Hundred fresh seed weight (g)
	rg
	
	
	
	
	
	
	
	
	
	
	-0.1330

	
	rp
	
	
	
	
	
	
	
	
	
	
	-0.1274


      *, ** = Significant at 5% and 1% levels, respectively 


Table 2. Genotypic path coefficient analysis showing direct (diagonal and bold) and indirect effects of different characters on total green pod yield per plant in vegetable cowpea
	Characters
	Days to 50% flowering
	Days to first green pod picking
	Pod length (cm)
	Pod width (cm)
	Number of pods per cluster
	Ten pod weight  (g)
	Number of pods per plant
	Genotypic correlation with green pod yield per plant

	Days to 50% flowering
	-0.0524
	-0.0389
	-0.0236
	-0.0025
	0.0164
	-0.0055
	0.0361
	-0.4629**

	Days to first green pod picking
	-0.0126
	-0.0170
	-0.0058
	-0.0024
	0.0061
	0.0004
	0.0091
	-0.3558**

	Pod length (cm)
	0.1472
	0.1117
	0.3273
	0.1733
	-0.0583
	0.1430
	-0.0598
	0.2601**

	 (
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)Pod width (cm)
	0.0080
	0.0243
	0.0902
	0.1703
	0.0401
	0.0397
	0.0081
	0.3778**

	Number of pods per cluster
	0.0130
	0.0149
	0.0074
	-0.0098
	-0.0416
	-0.0016
	-0.0206
	0.3846**

	Ten pod weight (g)
	0.0104
	-0.0025
	0.0432
	0.0230
	0.0038
	0.0988
	0.0070
	0.3045**

	Number of pods per plant
	-0.5804
	-0.4533
	-0.1540
	0.0399
	0.4184
	0.0601
	0.8427
	0.8249**


 R2 = 0.8897, Residual effect = 0.3322    
 *, ** = Significant at 5% and 1% levels, respectively.


References 
Al-Jibouri, H. A.; Miller, P. A. and Robinson, H. F. 1958. Genotypic and environmental variances in upland cotton cross of interspecific origin. Agron. J., 50: 633-635.
Chattopadhyay, A.; Dasgupta, T.; Hazara, P. and Som, M. G. 1996. Variability studies in cowpea. The Hort. J., 9(1): 71-75. 
Dewey, D. R. and Lu, K. H. 1959. A correlation and path coefficient analysis of components of crested wheat grass seed production. Agron. J., 51: 511-518.
Kumawat, K. C.; Raje, R. S. and Kumhar, B. L. 2005. Genetic variation in yield and yield components in cowpea [Vigna unguiculata L. (Walp.)]. Annals of Agri Bio. Res., 10(1): 21-23.
Kutty, C. N.; Mili, R. and Jaikumaran U. 2003. Correlation and path coefficient analysis in vegetable cowpea [Vigna unguiculata (L.) Walp.]. Indian J. Hort., 60(3): 257-261.
Misra, H. P.; Ganesh, R.; Jha, P. B. and Ram, G. 1994. Correlation and path coefficient analysis for yield and yield attributing characters in cowpea [Vigna unguiculata (L.) Walp.]. Recent Hort., 1(1): 61-67.
Nwosu, D. J.; Olatunbosun, B. D. and Adetiloye, I. S. 2013. Genetic variability, heritability and genetic advance in cowpea [Vigna unguiculata (L.) Walp] genotypes in two agro-ecological environments. Greener J. Bio. Sci., 3(5): 202-207.
Pal, A. K.; Maurya, A. N.; Singh, B.; Ram, D. and Kumar, S. 2003. Genetic variability, heritability and genetic advance analysis in cowpea [Vigna unguiculata L. (Walp.)]. Orrisa J. Hort., 31(1): 94-97.
Pal, A. K.; Singh, B.; Maurya, A. N. and Kumar, S. 2004. Correlation and path analysis in cowpea [Vigna unguiculata (L.) Walp.]. South Indian Hort., 52(1-6): 82-88.
Patil, H. E. 2006. Correlation studies yield in cowpea [Vigna unguiculata (L.) Walp.] under rainfed condition. Internat. J. Plant Sci., 1(2): 240-241. 
Peksen, A. 2004. Fresh pod yield and some pod characteristics of cowpea [Vigna unguiculata (L.) Walp.] genotypes from Turkey. Asia J. Plant Sci., 3(3): 269-273.
Searle, S.R. 1965. The value of indirect selection. I. Mass selection. Biometrics, 21: 682-707
Vavilapalli, S.; Celine, V. A.; Duggi, S.; Padakipatil, S. and Magadum, S. 2013. Genetic variability and heritability studies in bush cowpea [Vigna unguiculata (L.) Walp.]. Legume Genom. and Genet., 4(4): 4-8.
Yahaya, S. U.; Auwalu, B. M. and Gani, A. M. 2005. Interrelationship, path coefficient analysis and percentage contributions of yield components of vegetable cowpea [Vigna unguiculata (L.) Walp] varieties to total green pod yield. Advances in Hort. Sci., 19(3): 144-146.






