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                                       1.  INTRODUTION 

            Cowpea [Vigna unguiculata (L.) Walp.] is an annual, 

autogamous leguminous crop belongs to family Leguminoseae (Mackie 

and Smith, 1935) with a diploid chromosome number of 2n=2x=22 

(Darlington and Wylie, 1955). It is native to India (Vavilov, 1949) but 

tropical and central Africa is also considered as secondary centre of 

origin where wild races are found even now (Ng and Marechal, 1985). 

Cowpea is a tropical grain legume which plays an important 

nutritional role in developing countries of the tropics and sub tropics, 

especially in Sub-Saharan Africa, Asia, Central and South America 

(Singh et al., 1997). Cowpea has been referred to as “Poor man’s 

meat” because of its high protein content (20-25%). Cowpea young 

leaves, pods and beans contain vitamins and minerals which have 

fuelled its usage for human consumption and animal feeding (Nielson 

et al.,1997) and  considered as one of agriculture’s oldest legume  

used as protein source for humans and livestock (Steele, 1972). 

Dry seeds of cowpea are used to prepare several snacks and 

main meal dishes. It contains high amount of quality protein (23.4%), 

carbohydrate (60.3%), fat (1.8%) and sufficient amount of calcium 

(76mg/100gm), iron (57mg/100gm) and vitamins such as thiamine 

(0.92mg/100g.), riboflavin (0.18mg/100g.) and nicotinic acid 

(1.9mg/100g.) (Chatterjee and Bhattaacharya, 1986). The off-take crop 

of cowpea for fodder makes an important contribution to feed supplies 

for ruminants to maintain their health in dry season (Quin, 1997). 



          Besides, its use as green vegetable and food legumes it is also 

used for green manure and quick growing cover crop under a wide 

range of climatic conditions within the country. It is one of the major 

pulse crops grown in kharif season in Rajasthan and other major 

cowpea producing states are Karnataka, Andhra Pradesh, Uttar 

Pradesh and Bihar in India. The area occupied by kharif  pulses in 

Rajasthan was (Kharif, 2013) 22,20,553 ha, with the production and 

productivity of 7,73,019 tonnes and 348 kg ha-1, respectively, out of 

which the cowpea occupied 61,265 ha area, producing 33,975 tonnes 

of dry seeds with a productivity of 555 kg ha-1 (Anonymous, 2013). The 

major cowpea producing districts in Rajasthan are Sikar, Jhunjhunu, 

Jaipur, Nagaur, Ajmer, and Sirohi. 

In Rajasthan cowpea is of great importance because of its short 

duration, high yield potential and quick growing habits along with high 

protein content and as cover crop which helps in conservation of soil. It 

is grown as an alternative crop in dry land farming. Cowpea is some 

time grown as a green manure for soil improvement. In situ 

decomposition of root residues of cowpea crop contributes organic 

matter and associated nutrients to the soil. Many experimental 

evidences showed that soil nitrogen level increased following cowpea 

crop at the rate of 40-80 kg N per ha due to symbiosis with nodulating 

bacteria of genus Bradyrhizobium that fixes atmospheric dinitrogen 

within the nodule (Quin, 1997). The drought hardy nature of cowpea 

crop enables it to maintain some growth or at least survive under dry 

soil conditions. This trait is also extended by the deep rooting habit of 



some varieties and accounts for the crop’s ability to grow and yield 

under the semi-desert conditions (Quin, 1997). In addition, some 

cowpea varieties are suicidal to the germination of seeds of Striga 

hermonthica, a parasitic plant (Quin, 1997). 

On account of diverse uses of cowpea the varietal requirement 

in term of plant type, seed type, maturity, pattern of use and growth are 

diverse from region to region. Therefore cowpea breeding programme 

has become more complex and no single variety can be suitable for all 

the objectives (Barrett, 1987). Thus, there is need to develop varieties 

suitable for a specific region and or use. However, production is 

constrained by low and variable grain yield, seed quality, susceptibility 

to diseases and pests and the absence of improved cultivars, under 

such circumstances genetic diversity is of great importance and plays a 

crucial role in focusing crop improvement. 

In India sporadic breeding work on cowpea was started after 

1970 under All India Co-ordinated Crop Research Programme (Jonoria 

and Ali, 1970 and Bapna et al., 1972), but the achievements were 

limited. Information about genetic variability, correlation analysis, path 

analysis and genetic divergence are limited but the same an essential 

for any concerted and specific breeding programme on genetic 

improvement of the crop. Thus, the present investigation aims to 

assess the genetic correlation between various pairs of traits character 

associations and genetic divergence in 72 genotypes of cowpea. 

 



Objectives: 

Keeping the above facts in view, the present investigation was 

carried out with the following objectives. 

(i) To estimate genetic variability for seed yield and its 

components in germplasm lines of cowpea. 

(ii) To determine associations between seed yield and its 

components. 

(iii) To determine direct and indirect effects of various component 

characters on seed yield. 

(iv) To measure the degree of genetic divergence.  

 

 

 

 

 

 

 

 

 

 

 

 



                                                2. REVIEW OF LITERATURE 

 

Literature on important aspects pertinent to present study has 

been reviewed and presented in this chapter. 

2.1 Genetic Variability 

           Assessment of genetic variability is usually made through the 

estimates of genetic parameters of variation such as range, genotypic 

and phenotypic variance and genotypic and phenotypic coefficient of 

variance of the characters under consideration. The literature available 

on these aspects in cowpea has been reviewed and presented as 

under: 

Nehru and Manjunath (2001) evaluated 40 genotypes of cowpea 

[Vigna unguiculata (L.) Walp.]  and reported genetic variability for yield 

and its components. The PCV was highest for pods/plant followed by 

cluster/plant, primary branches/plant and yield/plant. High PCV coupled 

with high heritability resulted in high genetic advance expressed as per 

cent of mean for pods/plant and moderate for plant height, 100-seed 

weight and yield/plant. 

Singh and Verma (2002) evaluated 600 lines of cowpea for 

genetic variation and correlation for 8 quantitative traits of cowpea. 

High coefficient of variation was recorded for seed yield, plant height, 

100-seed weight and number of pods/peduncle. Moderate variation 

was recorded for number of days to 50% flowering and pod length. 

Minimum variability was observed for number of days to maturity and 

number of seeds/pod. 



In a study, Pal et al. (2003) evaluated 40 diverse genotypes of 

vegetable type cowpea [Vigna unguiculata (L.) Walp.] and assessed 

genetic variability for 13 traits. The phenotypic coefficient of variation 

was greater than genotypic coefficient of variation for most of traits. 

Relatively high phenotypic and genotypic coefficients of variation were 

recorded for plant height, number of primary branches/plant, number of 

peduncles/plant, number of pod/plant and green pod yield/plant. 

Rocha et al. (2003) studied genetic parameters in 23 white coat 

cowpea [Vigna unguiculata (L.) Walp.] genotypes and evaluated the 

agronomic traits viz., number of days to initial flowering, agronomic 

value, number of pod/plant, pod length, number of grains/pod, weight 

of 100 grains and grain yield. The traits recorded highest variability for 

agronomic value (20.74), grain yield (19.55) and weight of 100-grains 

(16.87). 

Venkatesan et al. (2003) evaluated 20 genotypes of cowpea 

[Vigna unguiculata (L.) Walp.] for 12 traits and recorded significant 

variation among the genotypes for all the traits studied and greatest 

variation was recorded for plant height. The magnitude of the PCV was 

higher than that of the GCV. High GCV and PCV were recorded for 

plant height and dry matter production. 

Vineeta et al. (2003) evaluated 50 genotypes of cowpea [Vigna 

unguiculata (L.) Walp.] and studied genetic variation for 10 traits and 

reported significant genetic variation was recorded for most of the 

traits. The PCV was higher than their corresponding GCV. GCV and 

PCV values were higher for days to flowering and maturity, number of 

cluster and pods/plant, 100-seed weight and seed yield/plant. 



In a study on 45 genotypes of cowpea [Vigna unguiculata (L.) 

Walp.] Nigude et al. (2004) observed a wide range of genetic variability 

for yield and yield components. The phenotypic variance for all 13 

characters studied was higher than the genotypic variance indicating 

influence of environment on all the characters. 

Zarger et al. (2005) evaluated 32 genotypes of cowpea [Vigna 

unguiculata (L.) Walp.]  and estimated  genetic  variability, heritability 

and genetic advance for seven traits. Significant variation among the 

genotypes was evident for all the traits studied. Considerable variation 

was recorded for seed yield/plot, 100-seed weight, plant height, 

number of pods/plant, number of seeds/pod and pod length. The 

magnitude of the phenotypic coefficient of variation (PCV) was higher 

than that of the genotypic coefficient of variation (GCV) for all the traits 

studied. High GCV and PCV were recorded for plant height, number of 

pods/plant, seed yield/plot and 100-seed weight. 

In cowpea high positive significant phenotypic and genotypic 

correlations were observed for traits viz., plant height, number of 

branches, numbers of leaves, leaf length, leaf weight, stem weight, 

green fodder yield and crude protein content by Sheelamary and 

Gopalan (2006). Days to 50% flowering showed negative significant 

relationship at both the levels. 

 Lal et al. (2007) studied genotypes of cowpea [Vigna 

unguiculata (L.) Walp.] and observed that the high degree of variability 

for number of peduncles and pods/plant, pod weight and pod 

yield/plant. Higher estimates of heritability coupled with the higher 

genetic advance for number of peduncles/plant, number of days to 



flower, number of pods/plant and pod yield/plant indicated that 

heritability is mainly due to additive genetic effects. 

Saini (2007) in a study on 60 genotypes of cowpea and high 

estimates of GCV and PCV were recorded for clusters/plant, seed 

yield/plant and plant height whereas, moderate estimate of PCV along 

with high estimate of GCV were recorded for branches/plant and 

pods/plant. Moderate estimates of GCV along with low estimates of 

PCV were recorded for pod length and seeds/pod. Rest of the 

characters had low estimates of PCV and GCV. 

 Suganthi and Murugan (2008) studied 30 genotypes of cowpea 

[Vigna unguiculata (L.) Walp.] and reported a high genotypic coefficient 

of variation than phenotypic coefficient of variation for all the 

characters. Maximum phenotypic and genotypic coefficient of variation 

was recorded for seed yield/plant followed by pods/plant and 

clusters/plant. High heritability was recorded for seed yield/plant 

followed by seeds/pod, pod length and hundred seed weight. Genetic 

advance as per cent of mean was higher for seed yield/plant followed 

by pods/plant and clusters/plant. Seed yield had positive and significant 

association with pod length. 

Tamgadge et al. (2008) evaluated 30 genotypes of cowpea 

[Vigna unguiculata (L.) Walp] and reported that the phenotypic 

coefficient of variation was greater than genotypic coefficient of 

variation, number of cluster/plant, diameter of pod and number of 

seeds/pod manifested high heritability coupled with low genotypic 

coefficient of variation and genetic advance. 



Vishwanath et al. (2009) studied on 41 genotypes of cowpea 

[Vigna unguiculata (L.) Walp.]  and reported existence of relatively high 

degree of variability for plant height, peduncle length, number of 

peduncles and pods/plant, pod length, pod weight and pod yield/plant. 

Higher estimates of heritability coupled with the higher genetic advance 

for plant height, number of peduncles/plant, number of days to flower 

and pod yield/plant indicated that heritability is mainly due to additive 

genetic effects. 

Imran et al. (2010) evaluated 14 lines of cowpea [Vigna 

unguiculata (L.) Walp.]  and reported   significant   variability among the 

lines. Three lines– CP/V4, CP/V2 and CP/V6 were found suitable for 

obtaining higher green fodder yield, whereas the lines CP/V10, CP/V5, 

No. 1, SA-Dandy, CP/V2, CP/V6, CP/V3, CP/V7, CP/V8, CP/VII, 

CP/V9 and CP/ V12 were found suitable for maximum grain yield and 

two lines CP/V2 and CP/V6 could be used both for fodder and grain 

yield and one line CP/V4 proved to be suitable exclusively for green 

fodder yield under rained conditions of Islamabad. 

In a study on 10 cowpea [Vigna unguiculata (L.) Walp.] 

accessions Manggoel et al. (2012) observed significant variability for 

days to 50% flowering, number of peduncles/plant, flower/plant, 

pods/plant, seed/pod, pod length, 100-seed weight and grain yield and 

the phenotypic coefficient of variation and genotypic coefficient of 

variance were high for the traits studied, except pod length and 

seeds/pod. 

Inuwa et al. (2012) conducted two different but related 

experiments, and observed that there were considerable variation 



among the lines for duration of vegetative and reproductive phases and 

for yield characters (viz., seed/pod, number of pod/plant, weight of 

pod/pant and 100- seed weight). 

Vavilapalli et al. (2013) studied the genotypic variability in 22 

genotypes of bush cowpea and observed that the analysis of variance 

indicated the prevalence of sufficient genetic variation among the 

genotypes from all the characters studied. Among the genotypes VU 6 

(310.41g) was the highest yielder. Pods/plant was highest in VU 8 

(70.30) and pod weight in VU 20 (12.44g). The high phenotypic 

coefficient of variation and genotypic coefficient of variation were 

observed for pod weight, plant height, and pod length. 

Chattopadhyay et al. (2014) studied 60 genotypes of vegetable 

cowpea (Vigna unguiculata cv-gr.sesquipedalis) and reported high to 

moderate GCV and PCV values for number of pods/plant, pod 

yield/plant, pod weight, number of seeds/pod and pod length.  

2.2 Heritability and genetic advance 

Heritability is an index of the transmission of characters from 

parents to their offspring (Falconer, 1960). It is generally expressed in 

percentage. The estimation of heritability helps the plant breeder in 

selection of elite genotypes. It also measures the degree of 

resemblance between relatives and correspondence between 

phenotype and breeding value. Genetic advance is the measure of 

genetic gain under selection. Heritability estimates along with genetic 

advance are more helpful in predicting the gain under selection than 

heritability estimates alone. Allard (1960) expressed the genetic 

advance as the product of selection intensity, heritability and 



phenotypic standard deviation of a character. The literature available 

on these aspects has been presented as under: 

In a study on 5 cowpea cultivars (TCS-85, TCS-76, ARL-25, 

ECS-89 and TCS-39) Kumar et al. (2002) observed a wide range of 

genetic variability for most of the characters under study. High 

heritability was recorded for green fodder yield/plant, number of days to 

50% flowering, plant height and dry fodder yield/plant. Genetic advance 

was higher for green fodder yield, plant height and number of days to 

50% flowering. 

Pal et al. (2003) evaluated 40 diverse genotypes of cowpea 

[Vigna unguiculata (L.) Walp.] and assessed high heritability estimates 

with moderate to high GCV and genetic advance for plant height, 

peduncle length, number of primary branches/plant, number of 

peduncle/plant and green pods/plant, which could be improved by 

simple selection in the early generation. Days to 50% flowering, days to 

first green pod picking, pod diameter, number of seeds/pod and 100-

seed weight manifested high heritability with low genotypic coefficient 

of variance and genetic advance.  

Venkatasan et al. (2003) evaluated 20 genotypes of cowpea 

[Vigna unguiculata (L.) Walp.] for 12 traits viz., number of days to first 

flower, plant height, number of branches/plant, number of cluster/plant, 

number of pods/cluster, number of pods/plant, pod yield/plant, pod 

length, number of seeds/pod, 100-seed weight, seed yield/plant and 

dry matter production and recorded that plant height, number of 

pod/plant, pod length, 100-seed weight, seed yield and dry matter 

production were characterized by very high heritability. High heritability 



coupled with high genetic advance was recorded for plant height, dry 

matter production and seed yield indicating the importance of additive 

genes effects in these characters. 

Vineeta et al. (2003) evaluated 50 genotypes of cowpea [Vigna 

unguiculata (L.) Walp.] for 10 traits viz., days to 50% flowering, days to 

maturity, plant height, number of branches/plant, number of 

cluster/plant, number of pods/plant,  pod length, number of seeds/pod, 

100-seed weight, seed yield/plant and  recorded high heritability and 

genetic gain for seed yield/plant, number of pods/plant and 

cluster/plant. 

    Zargar et al. (2005) performed a study on 32 genotypes of 

cowpea [Vigna unguiculata (L.) Walp.]  and observed high heritability 

coupled with high genetic gain was observed for plant height (96.39 

and 90.78%), number of pods/plant (67.84 and 38.39%), seed 

yield/plot (175.02 and 122.83%) and 100-seed weight (37.40 and 

39.34%) indicating the preponderance of additive gene effects for 

these traits. 

Malarvizhi et al. (2005) carried out genetic variability, heritability 

and genetic advance studies with 60 genotypes of fodder cowpea 

[Vigna unguiculata (L.) Walp.]. Days to 50% flowering along with twelve 

economic traits were studied. The analysis of variance revealed that all 

the 60 genotypes varied significantly for all the 13 characters indicating 

that there existed considerable variation for all the characters. 

Girish et al. (2006) studied 100 genotypes of cowpea [Vigna 

unguiculata (L.) Walp.] and estimated genetic variability, heritability and 

genetic advance for eleven quantitative characters. Wide range of 



variability was observed for most quantitative characters. Plant height 

and seed yield showed highest phenotypic and genotypic variance, 

while primary and secondary branches showed lowest variances. The 

magnitude of Phenotypic Coefficient of Variation (PCV), Genotypic 

Coefficient of Variation (GCV), Heritability (h2) and Genetic Advance 

(GA) was high for seed yield/plant, number of pods/plant and plant 

height. Days to first flower opening, days to 50% flowering and days to 

maturity had a low genetic advance. It was inferred that a heritability 

value based on phenotypic expression and genetic advance is more 

useful in predicting actual value of selection. 

Eswaran et al. (2007) studied the genetic variability with 30 

genotypes of cowpea [Vigna unguiculata (L.) Walp.] and observed high 

estimates of genetic variability coupled with high heritability and genetic 

advance for plant height at the time of first flowering, plant height at the 

time of 50 per cent flowering and plant height at the time of 50 per cent 

maturity indicating their dependability for effecting selection. 

In a study on evaluation of 60 genotypes of cowpea by Saini 

(2007) high estimates of heritability were recorded for days to maturity, 

test weight and seed yield/plant whereas, moderate estimates of 

heritability were recorded for cluster/plant, days to 50% flowering, plant 

height and pods/plant. Rest of the characters showed low estimate of 

heritability. 

Idahosa et al. (2010) studied genetic variability, heritability and 

genetic advance at Ekpoma and Lyanomo locations on 8 cowpea 

genotypes and observed high broad-sense heritability percentage in all 

the characters studied except for pod weight character which revealed 



low estimate of 25.5% at Lynomo location. The expected genetic 

advance as percentage of mean (GA %) was relatively high for pod 

length, pod weight, seeds/pod and 100-seed weight characters in the 

two locations. 

In a study on 25 genotypes of cowpea Singh et al. (2010) 

observed high phenotypic and genotypic coefficient of variation 

coupled with high heritability and genetic advance as per cent of mean 

were reported for plant height, stem weight, leaves weight, biological 

yield, dry matter yield and green fodder productivity indicating 

predominance of additive gene effects in controlling these characters. 

Green fodder yield was significantly and positively correlated with 

green fodder productivity, dry matter yield, biological yield, leaves 

weight and stem weight. 

Thorat and Gadewar (2013) studied the genetic variability, 

heritability and genetic advance with 30 genotypes of cowpea [Vigna 

unguiculata (L.) Walp.] and observed that the almost all characters 

showed high heritability values. High heritability coupled with high 

genetic advances observed for plant height, number of pods/plant and 

number of branches/plant and high GCV observed for leaf area index 

followed by days to 50% flowering indicating thereby the 

preponderance of additive gene effects for this characters.  

Vavilapalli et al. (2013) carried out genetic variability, heritability 

and genetic advance studies with 22 genotypes of bush cowpea. High 

heritability coupled with high genetic advance were observed for all 

characters studied, except days to first flowering and days to first 

harvest indicating these characters are governed by additive gene 



action. Hence, direct selection may be followed for the improvement of 

vegetable cowpea for these characters. 

Chattopadhyay et al. (2014) studied 60 genotypes of vegetable 

cowpea (Vigna unguiculata cv-gr.sesquipedalis) and higher estimates 

of broad sense heritability coupled with higher genetic advance for 

number of pods/plant, pod yield/plant, pod weight, number of 

seeds/pod and pod length. 

2.3 Correlation coefficients 

Correlation coefficient is a statistical measure, which is used to 

find out the degree and direction of relationship between two variables. 

It is the independent of the unit of measurement. In plant breeding, 

correlation coefficient analysis is very useful as it provides measure of 

the mutual relationship between various plant characters and 

determines the component characters on which selection can be based 

for genetic improvement in yield through indirect selection. The 

literature available on this aspect has been reviewed as under:   

Singh and Verma (2002) evaluated 600 lines of cowpea for 8 

quantitative traits. Seed yield was positively correlated with 100-seed 

weight and pod length. Pod length and plant height were positively 

correlated with 100-seed weight. A negative correlation between 100-

seed weight and number of pod/peduncle, number of days to 50% 

flowering and days to maturity was observed.  

Venkatesan et al. (2003) carried out correlation analysis using 

20 diversified genotypes of cowpea for 12 component characters 

including seed yield. Characters branches/plant, clusters/plant, 



pods/plant, pods/cluster and pod yield had positive correlation with 

seed yield both at genotypic and phenotypic level. 

Narayanankutty et al. (2003) studied  37 divergent genotypes of 

vegetable cowpea for 12 traits (viz., number of days to first flower 

opening, leaf length, leaf width, number of days to first picking, number 

of pickings, yield/plant, number of pods/plant, average weight of pods, 

pod length, number of seeds/pod, 100-seed weight and number of 

days to complete flowering) and reported that the number of 

pods/plant, number of pickings, average weight of pods and pod length 

were positively and significantly correlated with yield/plant both at 

phenotypic and genotypic levels. Number of days to first picking 

showed significant negative correlation with number of pickings, 

yield/plant and number of pods/plant.  

Venkatesan et al. (2003) evaluated 20 genotypes of cowpea for 

10 traits, and observed that the number of branches/plant, number of 

clusters/plant, number of pods/cluster, number of pods/plant, and pod 

yield were positively correlated with seed yield at the genetic and 

phenotypic levels. The magnitude of genetic correlation was higher 

than that of phenotypic correlation. The number of clusters/plant was 

positively associated with number of branches/plant, number of 

pods/cluster and number of pods/plant, but was negatively correlated 

with number of days to flowering, 100-seed weight, and dry matter 

production. The number of branches/plant and number of pods/cluster 

exhibited few significant associations with the other traits. 

Fifty genotypes of cowpea were evaluated  by Vineeta et al. 

(2003) for 10 traits viz., days to 50% flowering, days to maturity, plant 



height, number branches/plant, number of clusters/plant, number of 

pos/plant, pod length, number of seeds/pod, 100-seed weight and seed 

yield. Seed yield/plant was positively correlated with number of 

cluster/plant and pods/plant and 100-seed weight, but was negatively 

correlated with days to maturity.  

Nigude et al. (2004) studied 45 genotypes of cowpea [Vigna 

unguiculata (L.) Walp.] and reported that the grain yield/plant showed 

highly significant and positive association for most of the characters 

studied except, pod length and test weight at both genotypic and 

phenotypic level. 

Patil et al. (2004) evaluated 47 genotypes of cowpea [Vigna 

unguiculata (L.) Walp.] and analyzed correlation for 10 yield 

contributing characters and revealed that the seed yield/plant had 

highly positive and significant correlation with number of compound 

leaves per plant at the phenotypic level and with leaf area/plant, dry 

weight of pods/plant and biological yield both at the phenotypic and 

genotypic level. 

Pal et al. (2004) evaluated 40 diverse cowpea  genotypes for  

green pod yield and 12 yield components and observed green pod 

yield/plant was positively and significantly associated with number of 

primary branches/plant, pod length, pod diameter, number of 

pods/plant, number of seeds/pod and 100-seed weight. Days to 50% 

flowering and days to first green pod picking showed significant 

negative correlation with green pod yield/plant, indicating that selection 

should be based on these traits. The negative association of these two 



traits with green pod yield/plant also suggested that selection for these 

traits will be of help to the breeders in selecting cultivar for earliness. 

Kumawat and Raje (2005) evaluated 50 genotypes of cowpea 

[Vigna unguiculata (L.) Walp.] reported that the seed yield/plant had 

significant positive correlations with branches/plant, clusters/plant, 

pods/plant, biological yield/plant and harvest index. These characters 

also had positive correlation among themselves, except correlation of 

harvest index with biological yield/plant. Seed yield/plant had 

significantly negative correlation with days to 50% flowering and days 

to maturity. 

Saini (2007) evaluated 60 genotypes of cowpea [Vigna 

unguiculata (L.) Walp.]  and observed that seed yield/plant had positive 

significant correlation with seeds/pod. Whereas it had negative 

significant correlation with days to maturity, In addition, days to maturity 

also had negative significant correlation with test weight. Days to 

maturity had positive significant correlation with days to 50% flowering. 

Among other yield attributing traits, clusters/plant and seed/pods were 

positively and significantly correlated with pods/plant and pod length, 

respectively. Clusters/plant was negatively and significantly correlated 

with test weight. 

 Alege and Mustapha (2007) conducted an experiment on 60 

improved varieties of cowpea [Vigna unguiculata (L.) Walp.] and 

performed studies on some qualitative and quantitative characters. 

Positive correlations were obtained between leaf number and stem 

diameter, leaf number and number of seeds/pod, number of branches 



and plant height.  Negative correlation existed between number of 

pods/plant and number of seeds/pod. 

 Vishwanath et al. (2009) studied on 41 genotypes of cowpea 

and reported that the correlation analysis revealed the importance of 

number of branches/plant, number of peduncles/plant, pod length, pod 

weight and number of seeds/pod towards pod yield. Pod weight 

exerted the maximum positive direct effect on pod yield followed by 

number of pods/plant and pod length. It was inferred that selection 

pressure on these traits may lead to an overall increase in pod 

yield/plant. 

Imran et al. (2010) evaluated 14 local lines of cowpea and 

reported that the number of branches/plant showed a significant 

correlation (r=0.585) with leaf area but non-significant association with 

number of leaves/main branch and green fodder yield and leaf area 

showed a negative and significant correlation (r=0.583) with pod length 

which is indicative of the fact that a plant having more vegetative 

growth (i.e., leaf area) produces small pods. 

Manggoel et al. (2012), evaluated 10 cowpea accessions and 

observed positive correlation between grain yield and number of 

peduncles/plant (r=0.716**), flowers/plant (r=0.776**), pods/plant 

(r=0.640*) and 100- seed weight (r=0.690*). 

Cokkizgin et al. (2013) evaluated 6 common bean genotypes 

and observed that seed yield was significantly correlated with all the 

traits except plant height and 100-seed weight and the relationship of 

seed yield/plant with branch number/plant (r=0.78), pod length (r=0.51), 

seed number/pod (r=0.57), seed weight/pod (r=0.87), pod 



number/plant,(r=0.90),seed number/plant(r=0.88) and seed yield/plant 

(r=0.92), was positive while correlation of seed yield/plant with first pod 

height (r= -0.79) was negative. 

In a study on 30 genotypes of cowpea Thorat and Gadewar 

(2013) observed that the days to maturity had highly significant positive 

correlation with days to 50% flowering both genotypically and 

phenotypically. Protein content was significant but negatively 

associated with days to maturity. Number of clusters/plant showed 

strong positive significant correlation with protein content. Pod length 

exhibited significant positive correlation with protein content. Number of 

seeds/pod exhibited positive significant correlation with protein content 

and strongly correlated with pod length. Seed yield/plot exhibited 

strong positive significant correlation with clusters/plant, number of 

pods/plant. It also shows moderately positive significant correlation with 

protein content.  

Sahai et al. (2013) performed a study on cowpea germplasm 

lines and estimated correlation coefficients and path analysis 

coefficient of morphological as well as fodder and grain yield attributes. 

The study showed a high impact of direct effects of correlation 

(0.9714**) and suggested that going for plant types with higher 

biomass/plant (0.8856**), dry weight/plant (0.4598), stem girth (0.2336) 

number of secondary branches (0.2788), leaves/plant (0.3251), 

pods/plant (0.9059) and pod clusters/plant (0.7718) would be effective 

for improving both fodder and seed yield in cowpea. 

Chattopadhyay et al. (2014) studied 60 genotypes of vegetable 

cowpea (Vigna unguiculata cv-gr.sesquipedalis) and reported that the 



genotypic correlation coefficients were higher than their phenotypic 

correlation coefficients in most of the cases. From the correlation and 

path analysis, it can be concluded that emphasis should be given on 

number of pods/plant and pod weight for selecting high yielding 

genotypes. 

2.4  Path coefficient analysis 

Path coefficient is a standardized partial regression coefficient 

which provides effective means of finding out direct and indirect causes 

of association, thereby permitting a critical examination of specific 

forces acting to produce a given factor. The available literature on path 

coefficient analysis was reviewed and has been presented here: 

Kumar et al. (2002) evaluated 5 cowpea cultivars (TCS-85, 

TCS-76, ARL-25, ECS-89 and TCS-39) and observed correlation and 

path analysis, correlation study among various component characters 

showed that plant height, number of branches/plant, leaf length, leaf 

breadth and dry fodder yield/plant were positively correlated with green 

fodder yield. In general, genotypic coefficients were higher than the 

corresponding phenotypic correlation coefficient. Path analysis showed 

that dry fodder yield had the highest direct positive contribution towards 

green fodder yield followed by number of days to 50% flowering, leaf 

stem ratio, number of branches, plant height, leaf breadth and leaf 

length, respectively. 

Narayanankutty et al. (2003) studied 37 divergent genotypes of 

vegetable cowpea for 12 traits and reported that the path analysis 

indicated that the number of pods/plant, followed by average weight of 

pods and number of pickings had the greatest positive direct effect on 



yield. The direct effects of pod length and number of days to first 

picking were low, mainly due to high indirect effects via average weight 

of pods and number of pods/plant.  

Venkatesan et al. (2003) evaluated 20 genotypes of cowpea for 

10 traits (viz., number of days to flowering, plant height, number of 

branches, clusters and pods/plant, number of pods/cluster, pod length, 

number of seeds/pod, 100-seed weight, and seed yield/plant) and 

analysed path analysis showed the positive direct effect of number of 

pods/plant, pod length, number of clusters/plant, number of seeds/pod, 

and 100-seed weight on seed yield. 

Vineeta et al. (2003) studied 50 cowpea genotypes and path 

analysis revealed that the number of clusters, pods and seeds/plant, 

and 100-seed weight showed the greatest positive direct effects on 

seed yield, whereas the number of days to maturity and flowering 

exhibited the greatest negative direct effects on seed yield/plant. Thus, 

selection for higher seed yield should involve early-maturing genotypes 

with high 100-seed weight, and number of clusters and pods/plant. 

Venkatesan et al. (2003) carried out path analysis using 20 

diversified genotypes of cowpea for 12 component characters including 

seed yield. Path analysis showed positive direct effect of number of 

pods/plant, pod length and clusters/plant, seeds/pod and 100-seed 

weight on seed yield. 

Nigude et al. (2004) studied 45 cowpea genotypes and reported 

correlation and path coefficients analysis for the grain yield/plant was 

significantly and positively associated with all the characters except, 

pod length and test weight at both levels. Biomass (dry weight) at 



harvest and harvest index had the highest direct effect on grain yield. 

Association of biomass with grain yield was significantly positive. 

Patil et al. (2004) studied 47 genotypes of cowpea for 10 yield 

contributing characters and path coefficient analysis revealed among 

the biomass partitioning characters, the number of compound 

leaves/plant, leaf area/plant, number of inflorescences/plant, number of 

days to first pod maturity, and dry weight/plant had positive direct effect 

on seed yield/plant at both phenotypic and genotypic levels. 

Peksen and Artk (2004) studied 6 genotypes of cowpea and 

path analysis revealed that pod length had the highest direct positive 

effect on seed yield/plant, followed by 100-seed weight and pods/plant. 

On the other hand, seed yield/plant was directly and negatively 

affected by first pod height and branches/plant. 

Mittal and Singh (2005) studied 30 progenies of cowpea [Vigna 

unguiculata (L.) Walp.]  which developed from the varietal cross 

Cowpea 99 x BS, for seed yield and its components (viz., pods/plant, 

pods/cluster, pod length, seeds/pod, 100-seed weight, days to 

flowering and days to maturity) and observed path analysis revealed 

that pods/plant, pod length, 100-seed weight and days to flowering had 

high positive direct effects on seed yield. Pods/cluster influenced seed 

yield positively via pods/plant. It is concluded that seed yield in cowpea 

may be improved by selection of plants having more pods with bold 

seeds. 

Kumawat and Raje (2005) studied 50 genotypes of cowpea 

[Vigna unguiculata (L.) Walp.] and path coefficient analysis was 

indicated high positive direct effect of clusters/plant, biological 



yield/plant and harvest index on seed yield/plant. Days to maturity had 

the highest positive direct effect on seed yield/plant along with 

significant negative correlation with seed yield/plant.  

Anbumalarmathi et al. (2005) studied on 26 cowpea genotypes 

and path analysis revealed that pods/plant, seeds/pod and 100-seed 

weight had high direct effect on single plant yield. Clusters/plant 

showed high indirect effect through pods/plant on grain yield. 

Lal et al. (2007) studied genotypes of cowpea [Vigna 

unguiculata (L.) Walp.] and observed that the correlation analysis 

pointed out the importance of number of peduncles/plant, number of 

pods/plant, average pod weight and pod length towards pod yield. 

Number of pods/plant exerted maximum positive direct effect on pod 

yield followed by pod weight, number of peduncles/plant and pod 

length. Selection pressure on these traits may lead to an overall 

increase in pod yield/plant.  

Vishwanath et al. (2009) evaluated 41 genotypes of cowpea and 

reported for pod weight exerted the maximum positive direct effect on 

pod yield followed by number of pods/plant and pod length. Selection 

pressure on these traits may lead to an overall increase in pod 

yield/plant.  

Kumari et al. (2010) studied 14 genotypes of cowpea collected 

from different states in the India for eight yield contributing characters 

to the study revealed that the days to maturity, number of 

branches/plant and number of pods/plant showed positive significant 

correlation with seed yield. Path coefficient analysis exhibited days to 

fifty per cent flowering, plant height, pods/plant showed positive direct 



effect on yield except days to maturity, branches/plant, seeds/pod and 

hundred seed weight which showed negative direct effects. 

Singh et al. (2010) carried out path coefficient analysis with 25 

genotypes of cowpea and observed that the stem weight had maximum 

and positive direct effect on green fodder yield at phenotypic and 

genotypic level followed by leaves weight and dry matter yield. 

Biological yield and dry matter percent had negative direct effect on 

green fodder yield. 

Nwofia et al. (2012) reported that seed yield was positively and 

significantly correlated to number of leaves/plant, seed weight/pod, dry 

matter yield/plant in 2010 and number of pods/plant in 2011. Seed 

weight/pod and number of leaves/plant had positive direct effects on 

seed yield in 2010. Number of pods/plant, number of leaves/plant and 

pod length had positive direct effects of varying magnitude to seed 

yield in 2011. 

Cokkizgin et al. (2013) evaluated 6 beans [Vigna unguiculata 

(L.)Walp.] genotypes and reported that the number of plant had 

positive and highest direct effect on the seed yield while seed 

weight/plant had negative and highest direct effect on the seed yield. 

 Nwofia et al. (2013) studied 7 genotypes of vegetable cowpea 

[Vigna unguiculata (L.) Walp.] and observed  that  genotypic coefficient 

of variation was lower than the phenotypic coefficient of variation for all 

the traits. Number of seeds/pod, pod length, leaf area and plant height 

had broad sense heritability estimates greater than 90%. Number of 

pods/plant showed higher positive direct effect as well as correlation on 

pod yield than other yield traits (0.972 and 0.936, respectively). 



Number of pods/plant and seeds/plant showed negative direct effects 

on pod yield (-0.197, -0.01, respectively) even though they had 

significant positive correlation to pod yield. The indirect effects of the 

two traits through number of pods/plant were positive (0.46, 0.31, 

respectively) and high and seemed to be the cause of the significant 

correlation between the traits and pod yield. In conclusion, selecting 

vegetable cowpea genotypes high in number of pods/plant that showed 

high magnitude of positive direct effect on pod yield would sustain high 

yields. This is most likely as the trait is highly heritable and 

compliments others. 

2.5 Genetic divergence 

The variability for different characters among different genotypes 

of a species is known as genetic diversity. Genetic diversity arises due 

to geographical separation or genetic barrier to cross ability. 

Several methods have been developed for measuring 

divergence between population using multivariate such as multiple 

regression discriminate function (Fisher, 1936) and D2 statistic 

(Mahalanobis, 1936). Out of these methods, D2 statistic is a powerful 

tool in quantifying the degree of genetic divergence among the relative 

contribution of different components to the total divergence. The 

available literature is reviewed here:  

Anbuselvan et al. (2001) evaluated 50 genotypes of cowpea for 

seed yield and its component. The data subjected to D2 statistic 

analysis and could group the genotypes into 4 clusters by Tocher’ 

method. The average intra cluster D2 values ranged between zero and 

85.10. The relative contribution of different characters towards the 



genetic divergence showed that days to 50% flowering had maximum 

contribution (35.2%) followed by number of primary branches (14.5%), 

pod length (14.0%) and number of seeds/pod (9.1%). 

Narayanankutty et al. (2003) studied 37 genotypes of cowpea 

and grouped there into eleven clusters using Mahalanobis D2 statistics. 

In general, the inter cluster distances were higher than intra cluster 

distances. The maximum inter cluster distance was between clusters 

VIII and X followed by clusters VI and X and clusters VIII and IX, 

respectively. The intra cluster distance was maximum in cluster VII. 

Nigude et al. (2004) evaluated 45 genotypes of cowpea by using 

Mahalanobis D2 statistics and reported that genotypes could be 

grouped into 5 clusters. The cluster I contained the highest with 28 

genotypes followed by cluster II with 11 genotypes and cluster III with 4 

genotypes. The clusters IV and V were monogenotypic. The maximum 

inter-cluster distance was observed between clusters III and V followed 

by distance between clusters II and III. Clusters I and III exhibited the 

minimum inter-cluster distance. The number of branches/plant, test 

weight, biomass (dry weight) at harvesting and number of pods/plant 

had contributed considerably toward divergence. 

Venkatesan et al. (2004) assessed genetic divergence in 20 

genotypes of cowpea using Mahalanobis D2 value and indicated 

considerable diversity in the material. The population was grouped into 

six clusters of which cluster II and III has maximum number of 

genotypes. Analysis corroborated the absence of parallelism between 

geographic origin and genetic diversity. The maximum intra cluster 

distance was exhibited by cluster V and minimum by cluster II. The 



inter cluster distance was maximum between II and VI. Cluster/plant, 

pods/cluster, pods/plant and seed yield/plant contributed maximum 

towards the total divergence. 

Kumawat and Raje (2005) evaluated 50 genotypes of cowpea 

for seed yield and its component. D2 analysis of the data revealed six 

clusters. The average intra cluster D2 values ranged from zero to 

5.622. The relative contribution of various characters towards the total 

genetic divergence revealed that seed yield/plant had maximum 

contribution followed by seeds/pod, days to 50% flowering, plant height 

and reproductive period.  

Naher et al. (2005) evaluated 68 genotypes of cowpea by using 

Mahalanobis D2 statistics and reported that genotypes could be 

grouped into 6 clusters. The cluster II contained the highest number of 

accessions (32) followed by the clusters I (21), III (6), IV (4), V (4) and 

VI (1). No relationship was found between genetic divergence and 

geographical distribution of the accessions. The maximum inter-cluster 

divergence was found between the cluster IV and V and was minimum 

between II and III. The maximum intra-cluster divergence was found 

between accessions falling in the cluster V. On the basis of the mean 

performance of different clusters, accessions having acceptable yield 

were placed in cluster I, II and V. 

 Lesly et al. (2006) assessed genetic divergence in 169 

genotypes of cowpea using D2 statistics. The population grouped into 

46 clusters revealed that the clusters (6, 8, and 9) were the largest, 

containing seven genotypes followed by the clusters 1,2,5,6 and 24 

with six genotypes. The inter cluster distance was maximum between 



cluster 11 and 42 followed by cluster 34 and 42. The number of 

pods/plant contributed maximum divergence (14.75) which was 

followed by harvest index (14.74%) and days to flower termination 

(13.72%). 

Anbumalarmathi and Nadarajan (2007) studied 26 genotypes of 

cowpea for nine characters assessed the divergence using 

Mahalanobis D2 statistics. The genotypes were grouped into seven 

clusters. Cluster I was the largest with 9 genotypes and cluster VII 

contained only one genotype. The intra cluster distance values 

indicated that the genotypes of cluster VI are highly divergent among 

them. Maximum inter cluster distance was observed between cluster V 

and VII followed by cluster I and VII. Single plant yield contributed 

maximum towards divergence followed by 100-seed weight.  

Saini (2007) performed a study on 60 genotypes of cowpea by 

using Mahalanobis D2 statistics and reported that genotypes could be 

grouped into 9 clusters. Intra-cluster distance was found to be low as 

compared to inter-cluster ones. Maximum inter-cluster distance was 

observed between cluster VI and IX. Days to maturity and test weight 

appeared to be the most important traits contributing maximum towards 

genetic divergence. Inter-cluster distance and mean cluster value for 

characters indicated that hybridization of cluster VI assessions with 

cluster IX assesssion would be result in marked heterosis and produce 

segregants with improved yield. 

Sulnathi et al. (2007) studied genetic divergence in 56 

genotypes of cowpea using D2 statistics for thirteen yield contributing 

characters which showed grouping of genotypes into nine clusters. 



Cluster I had the maximum number of genotypes character viz., days 

to maturity, 100 seed weight and days to flowering were the highest 

contributors to D2 values. The geographical diversity was not related to 

genetic diversity. 

Pandey (2007) conducted a study on 44 grain cowpea for 13 

characters to quantify the genetic diversity existing among them using 

Mahalanobis D2 statistics. The genotypes fell into 9 clusters. Cluster 

strength varied from single genotypes (cluster IV to IX) to 31 genotypes 

(cluster I). Cluster III had minimum days to first flower opening, day to 

50% flowering and stover yield/plant in addition to maximum number of 

pod/plant and primary branches cluster II, V, VII had maximum 

yield/plant, 100-seed weight, pod length and number of seed/pod, 

respectively, cluster II had minimum days to maturity, while cluster VII 

showed maximum days to maturity. 

Dahiya et al. (2007) evaluated 80 genotypes of cowpea using 

Mahalanobis D2 statistics and reported that genotypes could be 

grouped into 9 distinct clusters. All the clusters had more than 5 

genotypes except cluster IX, which was mono-genotypic. The analysis 

of variance revealed significant differences for days to flowering, days 

to maturity, plant height, number of branches/plant, number of 

clusters/plant, number of pods/plant, pod length, seeds/pod, seed 

yield/plant, 100-seed weight, biological yield and harvest index based 

on the pooled analysis of 2 years data. 

Valarmathi et al. (2007) evaluated 68 genotypes of cowpea 

which included 60 genotypes from Vigna unguiculata subsp. 

unguiculata and 8 genotypes from Vigna unguiculata subsp. 



sesquipedalis for nine quantitative characters using Mahalanobis D2 

analysis. All the accessions were grouped into twelve clusters, in which 

cluster I was the largest having 47 genotypes from subspecies 

unguiculata. Subspecies unguiculata was grouped in seven distinct 

clusters, whereas the genotypes of subspecies sesquipedalis were 

grouped in five other distinct clusters. Days to maturity had the greatest 

contribution to genetic divergence, followed by 100-seed weight, while 

the number of branches/plant and the number of seeds/pod contributed 

least among the accessions. 

Dalsaniya et al. (2009) evaluated 60 genotypes of cowpea using 

Mahalanobis D2 statistics and reported that genotypes could be 

grouped into 12 clusters. Inter cluster distance and mean cluster 

character values indicated that hybridization of cluster X variety(JCPL-

134) with cluster IV varieties(JCPL-1,JCPL-13,and JCPL-21) and 

cluster V varieties(JCPL-50 and JCPL-133) with cluster III 

varieties(JCPL-26 and JCPL-131) exhibit high  heterosis and also 

result in transgressive segregants with higher yield and cluster X had 

higher cluster mean value for yield and other desired character like leaf 

area, ten pods weight, number of pods/plant and green pod yield/plant 

etc. 

 Nagalakshmi et al. (2010) assessed 66 genotypes of cowpea 

using Mahalanobis D2 statistics and reported that genotypes could be 

grouped into 23 clusters for 12 quantitative traits. The Cluster I had the 

maximum number of genotypes i.e. 22 and cluster XXIII had only one 

genotype. Intra cluster distance analysis revealed that the minimum 

intra cluster distance was observed in the cluster II. The inter-cluster 



distance (D) was found to be the maximum between the clusters XXII 

and XXIII and the same was minimum between clusters II and V. The 

results indicated that grain yield/plant contributed maximum to the total 

divergence followed by 100-seed weight and days to 50% flowering. 

Number of branches/plant had least contribution to the total divergence 

followed by petiole length. The existence of wide genetic diversity 

among the types chosen from the same geographical location was 

obviously seen. In the study, the variety Vellayani local had the 

maximum value for plant height and pod length and thereby 

distinguished from other varieties and it is present singly in the cluster 

XXIII. Hence it is proved to be widely divergent, since its yield is high, it 

can be used for further crossing and yield improvement. The cluster 

XVIII had the highest cluster mean values for number of clusters/plant 

and the cluster XIV has the highest mean value for grain yield/plant. 

Singh et al. (2013) evaluated 46 genotypes of cowpea by using 

Mahalanobis D2 statistics and reported that genotypes could be 

grouped into 8 clusters. The widest inter-cluster distance was found 

between cluster V and VIII (8.629) followed by cluster II and VIII 

(8.490), cluster I and VIII (6.439) and soon. Thus, genotypes of cluster 

VIII showed maximum genetic divergence with cluster V and II. The 

genotypes of cluster VIII showed maximum genetic divergence with 

cluster V followed by Cluster II hence, the genotypes belonging to 

cluster VIII and cluster V may be selected for generating genetic 

variability and hybridization. Cluster II having two genotypes was found 

to be the best performing for agronomic characters followed by cluster I 

with three genotypes and cluster V with three genotypes. 



Tigga and Tandekar (2013) conducted a study on 22 genotypes 

of cowpea using Mahalanobis D2 statistics and reported that genotypes 

could be grouped into four clusters. Non-overlapping clusters showed 

genetic diversity rather than geographical diversity. The maximum intra 

cluster distance (3.377) was obtained for cluster I followed by (2.795) 

cluster III and (2.014) cluster II. The lowest intra cluster D2 value was 

shown by cluster IV (0.000) which had only one genotype belonging to 

the cluster. The highest inter cluster D2 values were observed between 

cluster I and cluster IV (8.045) followed by cluster III and IV (7.925), 

cluster II and cluster IV (7.086) and cluster II and cluster III (4.864). 

The lowest inter cluster was found between cluster I and cluster III 

(3.548) followed by cluster I and cluster II (4.151). Thus, intercrossing 

of genotypes from different clusters showing superior mean 

performance may help in obtaining higher yields. Genotypes belonging 

to cluster I may produce better heterosis and segregants with the 

genotypes of cluster III and IV. 

Vavilapalli et al. (2014) evaluated 32 genotypes of cowpea using 

Mahalanobis D2 statistics and the genotypes could be grouped into 6 

clusters, where clusters I was the largest, containing eleven genotypes 

followed by the clusters III (5 genotypes) and cluster II with three 

genotypes. The inter cluster distance was maximum between cluster III 

and VI followed by cluster III and V. Based on inter cluster distance and 

per se performance of genotypes, the entries viz., VU 1, VU 2, VU6, 

VU 8 and VU  21 were selected, which could be intercrossed to recover 

good recombinants and desirable segregants. The pod yield/plant 



contributed maximum divergence (66.23%) which was followed by pod 

weight (20.78%) and plant height (8.23%). 

Chattopadhyay et al. (2014) evaluated 60 genotypes of cowpea 

using Mahalanobis D2 statistics and reported that genotypes could be 

grouped into 7 clusters. The top three characters which contributed 

most towards the genetic divergence were number of seeds/pod, pod 

yield/plant and pod weight. Cluster II had genotypes with high pod 

productivity, while the genotypes in Cluster III flowered much earlier. 

Crossing between genotypes within these groups could produce highly 

productive and early maturing cowpea genotypes. 

In a study on 40 genotypes of cowpea Brahmaiah et al. (2014) 

used Mahalanobis D2 statistics for 18 quantitative characters to 

estimate the genetic diversity. The genotypes were grouped into 6 

clusters. The cluster strength varied from single genotype (Clusters III, 

IV and V) to 25 genotypes (Cluster I). Clusteres IV and VI had high 

inter cluster distance. Clusters II, III and I had maximum 100-seed 

weight, number of seeds/pod and seed yield respectively. Cluster IV 

had maximum seedling vigour index, germination per cent, peduncle 

length, number of clusters/plant and number of primary branches. The 

genotypes from clusters IV and IV may be inter crossed to obtain high 

variation. 

 

 

 

 



                                  3.  MATERIALS AND METHODS 

  

The experimental material for the present investigation entitled 

“Character associations and genetic divergence in cowpea [Vigna 

unguiculata (L.) Walp.]” consisted of 72 genotypes (including 3 checks) of 

cowpea. These genotypes were received from AICRP on Arid Legume Trial 

and the collection maintained at S.K.N. College of Agriculture, Jobner, 

(Jaipur). The list of genotypes used in the study is given in Table 3.1. The 72 

genotypes were evaluated in a Randomized Completely Block Design 

(RCBD) with three replications during Kharif season of 2013 at Agriculture 

Research Farm, S.K.N. College of Agriculture, Jobner. Each genotype was 

sown in a single row plot of 4 m. length. The row to row distance and plant to 

plant distance were kept at 30 cm and 10 cm, respectively. All the 

recommended package of practices were followed to raise a healthy crop. 

Meteorological data during the period of crop production are given in Table 

3.2 and figure 1. 

3.1 Observations recorded 

 The observations on 10 morphological traits were recorded on a 

random sample of 10 competitive plants selected for each genotype in each 

replication except days to 50% flowering and days to pod maturity which were 

recorded on plot basis. Mean value of 10 plants were used for statistical 

analysis. The methodology followed for taking observation on different 

characters is described below: 

3.1.1 Days to 50% flowering 

The numbers of days taken from the date of sowing to anthesis in 

50% of total plants in each plot were recorded as days to 50% flowering. 

 

  



Table 3.1: List of genotypes & checks used in the study 

S.No. Cowpea accessions Source 

1. CPD-108 IVT-1 CAZRI trial 2009  

2. GC-525 IVT-1 CAZRI trial 2009  

3. GC521 IVT-1 CAZRI trial 2009  

4. PGCP-6 IVT-1 CAZRI trial 2009  

5. JOB-129 (Mutant of RC-101) IVT-1 CAZRI trial 2009  

6. CP-107  IVT-1 CAZRI trial 2009  

7. CPD-105 IVT-1 CAZRI trial 2009  

8. PHULE-CP-5040 IVT-1 CAZRI trial 2009  

9. PHULE-CP-5030 IVT-1 CAZRI trial 2009  

10. RC-101 Check variety 

11. GC-3  Check variety  

12. CPD-115 IVT- I CAZRI trial 2010 

13. GC-723 IVT- I CAZRI trial 2010 

14. DCS-47-1 IVT- I CAZRI trial 2010 

15. GC-501 IVT- I CAZRI trial 2010 

16. GC-703 IVT- I CAZRI trial 2010 

17. GC-3 Check variety 

18. NBC-2 IVT- I CAZRI trial 2010 

19. CPD-118 IVT- I CAZRI trial 2010 

20. NBC-1 IVT- I CAZRI trial 2010 

21. NBC-3 IVT- I CAZRI trial 2010 

22. JOB-129 (Mutant of RC-101) IVT- I CAZRI trial 2010 

23. SUBHARA IVT- I CAZRI trial 2010 

24. GOA LOACAL IVT- I CAZRI trial 2010 

25. PGCP-12 IVT- I CAZRI trial 2010 

26. CPD-119 IVT- I CAZRI trial 2011  

27. JOB-11 (Mutant of RC-101) IVT- I CAZRI trial 2011  

28. JOB-80BR (Mutant of RC-101) IVT- I CAZRI trial 2011  

29. KBC-4 IVT- I CAZRI trial 2011  

30. CPD-121  IVT- I CAZRI trial 2011  

31. GC-817 IVT- I CAZRI trial 2011  

32. KBC-5  IVT- I CAZRI trial 2011  

33. GC-3  Check variety 

34. PTB-1  IVT- I CAZRI trial 2011  

35. CPD-83  IVT- I CAZRI trial 2011  

36. GC-815 IVT- I CAZRI trial 2011  

37. GC-810  IVT- I CAZRI trial 2011  

38. DC-15  IVT- I CAZRI trial 2011  



39. HC-38  IVT- I CAZRI trial 2011  

40. JOB-129 (Mutant of RC-101) IVT- State Trial Durgapura 2011 

41. CPD-119  IVT- State Trial Durgapura 2011 

42. CPD-103  IVT- State Trial Durgapura 2011 

43. JOB-80BR (Mutant of RC-101) IVT- State Trial Durgapura 2011 

44. CPD-132  IVT- State Trial Durgapura 2011 

45. CPD-121  IVT- State Trial Durgapura 2011 

46. CPD-134  IVT- State Trial Durgapura 2011 

47. GC-3  Check variety 

48. CPD-127  IVT- State Trial Durgapura 2011 

49. CPD-142 IVT- State Trial Durgapura 2011 

50. CPD -136 IVT- State Trial Durgapura 2011 

51. CPD-78 IVT- State Trial Durgapura 2011 

52. CPD-83 IVT- State Trial Durgapura 2011 

53. RC-19 Check variety  

54. CPD-115 IVT- State Trial Durgapura 2011 

55. CPD- 118 IVT- State Trial Durgapura 2011 

56. CPD- 129 IVT- State Trial Durgapura 2011 

57. CPD- 77 IVT- State Trial Durgapura 2011 

58. CPD- 108 IVT- State Trial Durgapura 2011 

59. RC-101 Check variety 

60. Mutant-1 (Mutant of RC-19) Dept. Cowpea Research,SKNCOA 

61. Mutant-2 (Mutant of RC-101) Dept. Cowpea Research,SKNCOA 

62. Mutant-3 (Mutant of RC-101) Dept. Cowpea Research,SKNCOA 

63. Mutant-4 (Mutant of RC-101) Dept. Cowpea Research,SKNCOA 

64. Mutant-5 (Mutant of RC-101) Dept. Cowpea Research,SKNCOA 

65. Mutant-6 (Mutant of RC-101) Dept. Cowpea Research,SKNCOA 

66. Mutant-7 (Mutant of RC-101) Dept. Cowpea Research,SKNCOA 

67. Mutant-8 (Mutant of RC-19) Dept. Cowpea Research,SKNCOA 

68. Mutant-9 (Mutant of RC-101) Dept. Cowpea Research,SKNCOA 

69. Mutant-10 (Mutant of RC-19) Dept. Cowpea Research,SKNCOA 

70. Mutant-11 (Mutant of RC-19) Dept. Cowpea Research,SKNCOA 

71. Mutant-12 (Mutant of RC-101) Dept. Cowpea Research,SKNCOA  

72. RC19   Check variety 



  

 

Table 3.2: Weekly mean meteorological observations recorded 

during the crop season (July to Oct. 2013) 

SMW*            Period  Temperature  Relative 

humidity       

    (%) 

Evaporation  

(mm) 

Rainfall 

(mm)  
From To Max. 

Temp 

(
0
C) 

Min. 

Temp              

(
0
C) 

27 02.07.13 08.07.13 35.3 26.3 72 6.2 31.8 

28 09.07.13 15.07.13 33.4 24.8 75 5.3 8.60 

29 16.07.13 22.07.13 33.7 25.4 78 4.9 38.6 

30 23.07.13 29.07.13 32.3 25.9 81 3.9 52.0 

31 30.07.13 05.08.13 31.5 25.2 85 3.8 37.0 

32 06.08.13 12.08.13 30.0 24.4 89 3.1 62.4 

33 13.08.13 19.08.13 29.7 24.5 90 3.2 88.0 

34 20.08.13 26.08.13 31.5 23.7 81 3.5 34.4 

35 27.08.13 02.09.13 32.9 22.8 70 5.8 - 

36 03.09.13 09.09.13 33.9 20.2 61 6.7 - 

37 10.09.13 16.09.13 37.1 22.7 55 8.0 - 

38 17.09.13 23.09.13 35.5 21.7 63 6.8 1.80 

39 24.09.13 30.09.13 31.3 23.7 79 4.8 19.0 

* Standard meteorological week number   

 

 

 

 

 

 



3.1.2  Days to maturity 

The numbers of days taken from the date of sowing to yellowing of 

about 50% pods in each plot were recorded as days to maturity. 

3.1.3  Plant height (cm) 

Plant height was measured in centimeter from the ground level to the 

tip of the main axis of the ten plants at the maturity and was averaged. 

3.1.4  Primary branches per plant 

The number of pod bearing branches arising from the main axis at the 

time of maturity were recorded for each of the ten plants and averaged.  

3.1.5  Pods per plant  

The number of pods per plant from all the ten plants were counted and 

averaged.  

3.1.6  Pod length (cm) 

The length of such pod which had arisen from first node of the first 

branch from each selected plant were measured in centimeter and averaged.  

3.1.7 Seeds per pod  

The numbers of seeds were counted for the same pod which had 

been used to measure the pod length. The mean value was recorded as 

number of seeds per pod. 

3.1.8 100-seed weight (g) 

A sample of 100 seeds drawn from the pooled yield of the selected 

plants in each replication, and its weight was recorded in grams. 

 

 



3.1.9 Pod wall proportion (%).  

Plant architectural components like pod wall proportion (PWP) and 

pod filling index (PFI) also influence seed yield (Huyghe, 1998). Strategies to 

reduce the PWP in order to increase harvest index of the reproductive 

compartment (seeds and pod walls combined) is considered a potential 

breeding method for higher seed yield (Huyghe and Ney, 1997). Pod wall 

proportion is an index obtained by dividing the weight of pod wall by the 

weight of whole pod and multiply by hundred. It may be affected by the 

specific weight of the pod walls (which reflects variations in either wall 

thickness or wall density, or both) and by the weight of the seed in the pod.   

3.1.10 Seed yield per plant (g) 

After harvesting and threshing, clean seeds obtained from each plant 

were weighed in grams and averaged out for a single plant. 

3.2 Statistical analysis 

3.2.1  Analysis of variance (ANOVA) 

The data were subjected to analysis of variance using random model 

to determine the significance of differences among genotypes following 

standard statistical procedures as suggested by Singh and Choudhary 

(1995). The structure of analysis of variance (ANOVA) is given in Table 3.3. 

Table 3.3:  Analysis of variance (ANOVA) 

Source d.f. Mean 

Squares 

Expectation of 

mean squares 

Replica

tions 

(r-1) MSr σ
2e + g σ2r 

Genoty

pes 

(g-1) MSg σ
2e + r σ2g 

Error (r-1) 

(g-1) 

MSe σ
2e 



Total  (rg –

1) 

  

Where,  

d.f.     = Degrees of freedom 

r        = Number of replications 

g         = Number of genotypes 

MSr     = Mean sum of squares due to replications 

MSg      = Mean sum of squares due to genotypes 

MSe     = Mean sum of squares due to error 

σ
2g      = Variance due to genotypes (including checks) 

σ
2e       = Variance due to error 

3.2.2 Mean     

The general mean was computed by summing the data of all the 

treatments over all the three replications for each character using following 

formula.                     

                     =       Σ  / N      

  Where, 

    ∑  = Mean variance of ith genotype 

    N = Total number of genotypes 

3.2.3 Range  

The lowest and highest mean value for each character was taken as 

range. 



 

3.2.4 Standard error of mean 

 Standard error of difference between two mean was calculated 

as per following formula: 

 

 

 Where, 

            r = number of replication 

            MSe = MSS due to error 

3.2.5 Coefficient of variation (CV) 

The experimental coefficient of variation (CV) for various characters 

was calculated by the following formula:   

 

 

Where,  

 MSe = Error variance  

 = Grand total 

3.2.6 Critical difference (CD) 

Critical difference was calculated by following formula: 

     2EMS 

CD =                             x   t - value. 

         r 

                            2MSe 

SEm±    =                   

                              MSe                                                 

  CV (%) =                         X 100 



 t-value = table value of error difference at 5% level of significance 

    

Where,  

    r      = number of replications 

    EMS = error mean sum of squares      

3.2.7  Estimation of genetic parameters of variation 

3.2.7.1 Genotypic, phenotypic and environmental variances: 

3.2.7.1.1 Genotypic variance (σσσσ2g)  

The genotypic variance (VG or σ2g) is the variance due to the 

genotypes present in the population. The formula used for calculation of 

genotypic variance was, 

                                                             (MSt – MSe) 

            Genotypic variance (σ2g) =   

                  r 

            Where, 

MSt = Mean square due to genotypes 

MSe = Mean square due to error 

r = Number of replications     

3.2.7.1.2 Phenotypic variance (σ2p) 

     Phenotypic variance (σ2p) denotes the total variance present in a 

population for particular character and was calculated by following formula 

  Phenotypic variance (σ2p) = σ2g + σ2e                                  



 Where,          

  σ2g = Genotypic variance 

             σ2e = Mean sum of squares due to error  

3.2.7.1.3 Environmental variance (σ2e) 

    The environmental variance (σ2e) is the variance due to 

environmental deviation. 

               σ2e = MSe  

3.2.7.2 Coefficient of variation  

  The estimation of phenotypic coefficient of variation (PCV), genotypic 

coefficient of variation (GCV) and error/environmental coefficient of variation 

(ECV) was done as per the formula given by Johnson et al., (1955) and 

Burton (1952).   

 

 

 

 

 

 

Where, 

        σ2p = Phenotypic variance 

        σ2g = Genotypic variance 

         σ2e = Error variance 

         = Grand mean 

                                                                                

 GCV (%) =                         X 

                                                                            

 PCV (%) =                         X 

                                                                       

 ECV (%) =                         X 



3.2.8  Heritability in broad sense 

The heritability in broad sense (h2
bs) was estimated as the ratio of 

genotypic variance to the total variance. It was calculated by the formula 

given by Johnson et al. (1955) and Hanson et al. (1956). 

                                                σ2g 

                          h2
bs   =                     X 100 

                          σ2p 

   where,        

  

      σ2g = genotypic variance 

      σ2p = phenotypic variance 

      h2
bs = Heritability in broad sense 

3.2.9  Computation of expected genetic advance (GA) 

The expected genetic advance (GA) for each character was estimated 

by the formula as given by Johnson et al. (1955). 

               G.A. =     k x h2
bs x σp 

Where, 

                    G.A.  =  Expected genetic advance 

                    h2
bs   = Heritability in broad sense 

                    σp     = Phenotypic standard deviation 

                      K   = Standardized selection differential. Its value is a constant 

for a given selection intensity. It was taken as 2.06 at 5% 

selection intensity in present investigation. 



To compare the expected genetic advance for different characters, it 

was expressed as percentage of mean: 

                                                                   GA 

                     GA (as % of mean)   =                     X100 

                                                                    X    

Whereas, 

              X  = Grand mean 

3.2.10   Estimation of correlation coefficient 

  Correlation coefficient were worked out between different pairs of 

characters as well as with yield as per the method described below. For 

computing genotypic and phenotypic correlation coefficient analysis of 

covariance was carried out in all possible paired combination of characters. 

The structure of the analysis of covariance is presented in Table 3.4. 

Table 3.4:  Analysis of covariance and expectations of mean sum of 

cross products between characters x and y  

Source d.f. Mean 

Squares 

Expectation of 

mean squares 

Replica

tions 

(r-1) MSPr  

Genoty

pes 

(g-1) MSPg Cov exy + r. Cov 

gxy  

Error (r-1) 

(g-1) 

MSPe Cov exy 

Total  (rg –

1) 

  

 Form the above table the expected mean sum of products 

were estimated as given below.  



Where, 

Error covariance (Cov exy)              = MSPe 

Genotypic covariance (Cov gxy)      = (MSPg-MSPe)/r 

Phenotypic covariance (Cov pxy)    =Cov gxy +Cov exy 

The genotypic and phenotypic correlation coefficients were calculated 

from the phenotypic and genotypic components of variances and covariance 

as described by Singh and Choudhary (1995) and as per formula given by 

Johnson et al. (1955). 

 

Genotypic correlation (rg) between characters x and y 

                                                               Cov gxy              

                       rg = 

            

 

Phenotypic correlation (rp) between characters x and y 

                                                               Cov pxy              

                       rp = 

 

 

Environment correlation (re) between characters x and y 

                                                               Cov exy              

                       re = 

 

Where,  

             (σ2g. of X). (σ2g. of Y) 

                     

             (σ2p. of X). (σ2p. of Y) 

                     

             (σ2e. of X). (σ2e. of Y) 

                     



              σ2g and σ2p represented the genotypic and phenotypic 

variance, respectively. The estimates of correlation coefficient were compared 

with the ‘r’ values given in the ‘r’ Table (Fisher and Yates, 1938) at error 

degree of freedom. 

3.2.11 Path coefficient analysis 

Path coefficient is a standardized partial regression coefficient. It 

measures the direct and indirect contribution of independent variable on 

dependent variable and it allows splitting the total correlation coefficient 

between two variables into components of direct and indirect effects. 

The estimation of direct and indirect effects was calculated by the path 

coefficients analysis as suggested by Wright (1921) and as elaborated by 

Dewey and Lu (1959) at both phenotypic and genotypic levels. The following 

sets of simultaneous equation were formed and solved for estimated the 

various direct and indirect effects. 

           r1y    = p1y + r12 p2y + r13p3y + -------------- + r1i piy 

           r2y    = r12 p1y + p2y + r23 p3y + -------------- + r2i piy 

              

              

            

           r10y    = r1.10 p1y + r2 .10 p2y + r3. 10 p3y + -------------- + p.10.y 

Where,  

r1y to r.10.y = Phenotypic correlation coefficient effects between 

causal factors 1 to 10 and dependent characters Y. 

r12 to r1.10 = Phenotypic correlation coefficient among causal 

factors    themselves and 

p1y and p.10.y  = Direct effects of characters 1 to 10 on character 

Y. The independent characters viz., 



1. Days to 50% flowering  

2. Days to maturity  

3. Plant height (cm) 

4. Primary branches per plant 

5. Pods per plant 

6. Pod length (cm) 

7. Seeds per pod  

8. 100-seed weight (g) 

9. Pod wall proportion (%) 

10. Seed yield per plant (g)



3.2.11.1 Residual effect 

Residual effect measures the contribution of the unidentified factors on 

dependent variable and was obtained by the following formula. 

             Residual effect (Pry) =                

Whereas, 

piy = Direct effect of ith character on seed yield per plant 

riy  = Correlation of ith traits with seed yield per plant. 

3.2.12  Multivariate analysis 

 The genetic divergence among 72 entries was estimated by 

Mahalanobis D2 statistic (generalized distance) as suggested by Rao (1952). 

For this estimation, 10 characters viz., Days to 50% flowering, days to 

maturity, plant height (cm), primary branches per plant, pods per plant, pod 

length (cm), seeds per pod, test weight (g), pod wall proportion (%) and seed 

yield per plant (g) were considered. The calculation of D2 values involved the 

following steps (Singh and Choudhary, 1985); 

3.2.12.1 Test of significance (Wilk’s criterion) 

     Using the ‘V’ statistic which in turn utilizes Wilk’s criterion (^) 

a simultaneous test of differences between mean values of a number of 

correlated variables was done as described by Rao (1952) and explained by 

Singh and Choudhary, (1995). 

                                                       
              Wilk’s criterion (^)   =    

                                                     
Where, 

W = Determination of error matrix 



W+Q = Determination of error + genotypes matrix 

Determinations for error + genotypes were calculated by using the 

error + genotypes variance and covariance matrix by following the “Pivotal 

condensation method”. The significance of Lambda was tested by Chi square 

as,  

                     =       V (State)     =  - M loge^     

  Where, 

                                          (p + q + 1)                                  

                      M   =    n -    

                                                2 

n = degree of freedom for error plus treatment 

p = Number of characters or variables 

q = Degree of freedom for treatment  

e =   2.7183 

                    = Chi square 

                loge^ =   2.3026 loge^                            

                                                   (p + q + 1)                                  

               So V (State)   = [n -                        ] 2.3026  

                                                         2 

 V (State) is distributed as  with p x q degree of freedom. For 

calculating  value for more than one hundred degree of freedom following 

formula was used,  

                            as Z = (2 ) ½ - (2^ -1)½                                                                       



3.2.12.2  Computation of D2 values  

The transformation of correlated variables into uncorrelated variables 

and computation of D2 values were carried out. 

3.2.12.3  Test of significance of D2 values 

The D2 value obtained for a pair of population was taken as the 

calculated value of  for ‘P’ degree of freedom where “p” is the number of 

characters considered. 

3.2.12.4  Group constellation 

In the present study, a method suggested by K. D. Tocher (Rao, 1952) 

for grouping the different lines into clusters was used. Two population having 

smallest (D2 values) distance from each other were considered. A third 

population having smallest average D2 values from the first two populations 

was added. Then considered the nearest fourth population and so it was done 

for the remaining ones. At certain stage when it was felt that after adding only 

of the remaining entries, there was abrupt increase in the average D2, that 

population was not added in that cluster and another cluster was formed. In 

this way clusters were formed till all the population were included into one or 

the other cluster. 

 

3.2.12.5  Average inter and intra cluster distance 

              Average intra-cluster distance was calculated as follows, 

                         Average intra-cluster distance =       / n 

 Where, 

              Di2 = the sum of D2 values between all possible 

combinations,   



               n =   lines included in a cluster  

 

Average inter-cluster distances were calculated between all possible 

combinations of the clusters as follows: 

         Average inter-cluster distance between ith and jth cluster 

                                     =   / (ni.nj) 

Where, 

             Di2 as the sum of D2 values of all possible pairs of 

combination between the lines of ith and jth clusters and “ni and nj” are the 

number of lines included into ith and jth cluster, respectively. 

3.2.12.6 Cluster mean 

The cluster mean was calculated by summing all the mean values of 

each genotypes belonging to a particular for each traits cluster, which was 

then divided by number of genotypes and thus cluster mean was obtained for 

each character. 

3.2.12.7 Computation of data 

All the data were analysed on computer using Windostate version 8.1 

from indostate services, Hyderabad licensed to NRCSS, Tabiji (Ajmer).  

 

 

 

 

 

 

 



4. EXPERIMENTAL RESULTS 

The experimental results of the present investigation have been 

presented under following subheads: 

4.1 Analysis of variance 

4.2 Variability parameters 

4.3 Character association 

4.4 Path coefficient analysis  

4.5 Genetic divergence 

4.1 Analysis of variance 

Analysis of variance was carried out for each character 

separately and has been presented in Table 4.1. Analysis of variance 

revealed highly significant difference among genotypes including 

checks for all the traits studied indicated that considerable amount of 

genetic variability was present in the experimental material which can 

be exploited for improvement of seed yield in cowpea. 

4.2    Variability parameters 

The general mean, range and variability parameters for each 

character are given in Table 4.2. The mean performances of different 

genotypes used in study in respect of different characters are shown in 

Annexure 1. 

The range for plant height appeared to be relatively wide 

whereas those for primary branches/plant, pods/plant, seeds/pod and 

seed yield/plant was relatively narrow. Days to 50% flowering ranged 

from 35.33 days (Mutant-3) to 50.73 days (GOA LOCAL) with mean 



value of 40.34 days. Days to maturity ranged from 63.00 days (CPD-

115, GC-723) to 75.67 days (DCS-47-1, GOA LOCAL) with mean value 

of 67.78 days. Plant height ranged from 25.73 cm (Mutant-10) to 

101.17 cm (CPD-118) with mean value of 49.00 cm. Primary 

branches/plant ranged from 3.03 (CPD-77) to 6.10 (DCS-47-1) with 

mean value of 4.28. Pods/plant ranged from 3.07 (PTB-1) to 6.83 

(CPD-115) with mean value of 4.46. Pod length ranged from 9.40 cm 

(PHULE-CP-5030) to 20.47 cm (GOA LOCAL) with mean value of 

11.98 cm. Seeds/pod ranged from 7.43 (GC-817) to 15.63 (GOA 

LOCAL) with mean value of 10.82. 100-seed weight ranged from 5.69 

g (Mutant-2) to 17.34 g (GOA LOCAL) with mean value of 9.81 g. Pod 

wall proportion ranged from 16.66 % (Mutant-12) to 50.30 % (CPD-

118) with mean value of 30.29. Seed yield/plant ranged from 2.61 g 

(Mutant-7) to 5.23 g (CPD-103) with mean value of 3.76 g. The range 

was wider for the character of plant height where it was narrow for the 

character of seed yield/plant. 

Phenotypic and genotypic variances were estimated for all the 

characters studied. The phenotypic variances for all the characters 

were invariably higher than respective genotypic variance. The 

phenotypic variance ranged from 0.50 (Primary branches/plant and 

seed yield/plant) to 378.44 (Plant height). The highest estimate of the 

phenotypic variance was recorded for plant height (378.44) followed by 

pod wall proportion (41.27) days to maturity (14.32) and days to 50% 

flowering (10.16). The genotypic variance ranged from 0.30 (Primary 

branches/plant) to 358.69 (Plant height). The highest estimate of 

phenotypic and genotypic variance was recorded for plant height 

whereas it was lowest for Primary branches/plant. 
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The PCV & GCV were estimated for all the characters. The 

values of PCV for all the characters were higher than the values of their 

respective GCV. The highest PCV estimate was recorded for plant 

height (39.70%) followed by 100-seed weight (26.21%), pod wall 

proportion (21.24%), pods/plant (19.69%), seed yield/plant (18.76%), 

primary branches/plant (16.57%), pod length (16.28%) and seeds/pod 

(14.76%). Days to 50% flowering and days to maturity recorded 

minimum PCV value of 7.90% and 5.58%, respectively. 

The highest GCV estimate was recorded for plant height 

(38.65%) followed by 100-seed weight (25.68%), pod wall proportion 

(20.49%), seed yield/plant (15.93%), pod length (14.93%), pods/plant 

(14.86%), seeds/pod (12.98%) and primary branches/plant (12.77%). 

Relatively lower GCV estimate were recorded for days to 50% 

flowering (5.81%) and days to maturity (3.47%). 

Heritability in broad sense was estimated for all the characters. 

Heritability estimates varied from 38.70% (Days to maturity) to 95.95% 

(100-seed weight). High estimates of heritability were observed for the 

characters like 100-seed weight (95.95%) followed by plant height 

(94.78%), pod wall proportion (93.01%), pod length (84.02%), and 

seeds/pod (77.24%). Whereas, estimates of heritability were moderate 

for seed yield/plant (72.08%), primary branches/plant (59.43%), 

pods/plant (56.90%) and days to 50% flowering (54.11%). The 

heritability estimate was low for days to maturity (38.70%). 

Expected genetic advance ranged from 0.12 (Pod wall 

proportion) to 37.98 (Plant height). The highest estimate of expected 



genetic advance was recorded for plant height (37.98) followed by 100-

seed weight (5.08). 

Expected genetic advance as per cent of mean was calculated 

for all the characters which ranged from 4.45% (Days to maturity) to 

77.52% (Plant height). The higher estimate of expected genetic 

advance as per cent of mean was recorded for plant height (77.52%) 

followed by 100-seed weight (51.81%). Whereas, moderate estimate of 

genetic advance as per cent of mean were recorded for pod wall 

proportion (40.70%) followed by pod length (29.19%) and seed 

yield/plant (27.85%). Rest of the characters viz., seeds/pod (23.49%), 

pods/plant (23.08%), primary branches/plant (22.28%), days to 50% 

flowering (8.80%) and days to maturity (4.45) had low estimates of 

expected genetic advance as per cent of mean. 

4.3 Character association 

Phenotypic and genotypic correlation coefficients between 

different pairs of characters were computed and are presented in Table 

4.3 and 4.4. Significance of only phenotypic correlation coefficient was 

tested. In general, the genotypic correlation, were higher in magnitude 

than their respective phenotypic correlation coefficient for most of the 

characters pairs. The directions of phenotypic and genotypic 

correlation coefficient were similar for most of the characters 

combinations. 

Seed yield/plant had significant positive correlation for all 

characters viz., days to 50% flowering (r=0.15*), plant height (r=0.29**), 

primary branches/plant (r=0.26**), pods/plant (r=0.22**), pod length 

(r=0.32**), seeds/pod (r=0.39**) and 100-seed weight (r=0.23**) 

except, days to maturity and pod wall proportion. 
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Days to 50% flowering had significant positive correlation with 

days to maturity (r=0.65**), primary branches/plant (r=0.28**), pod 

length (r=0.47**), seeds/pod (r=0.41**), 100-seed weight (0.27**) while 

significant negative correlation with pods/plant (r= -0.33**). Days to 

maturity had significant positive correlation with pod length (r=0.34**), 

seeds/pod (r=0.29**), 100-seed weight (r=0.16**) while significant 

negative correlation with pods/plant (r= -0.14*). Plant height had 

significant positive correlation with pod length (r=0.30**), seeds/pod 

(r=0.27**). Primary branches/plant had significant positive correlation 

with pod length (r=0.19**), seeds/pod (r=0.16*). Pods/plant had 

significant positive correlation with pod wall proportion (r= 0.18**) while 

significant negative correlation with pod length (r= -0.23**), seeds/pod 

(r= -0.21**) and 100-seed weight (r= -0.28**). Pod length had 

significant positive correlation with seeds/pod (r=0.85**), 100-seed 

weight (r=0.44**). Seeds/pod had significant positive correlation with 

100-seed weight (r=0.38**). 100-seed weight had significant negative 

correlation with pod wall proportion (r= -0.26**). 

4.4 Path coefficient analysis 

To assess the direct and indirect effects of various characters on 

seed yield per plant, path coefficient analysis was carried out by taking 

seed yield per plant as dependent variable and their yield components 

as independent variables. The results of path coefficient analysis are 

presented in Table 4.5 and 4.6. 
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A perusal of data indicated that the magnitude of genotypic path 

coefficient was higher than the magnitude of phenotypic path 

coefficient. However the directions of direct effects both at phenotypic 

and genotypic levels were not same in some cases. The result of path 

analysis is presented below. 

4.4.1 Direct effects 

At phenotypic levels the high positive direct effects on seed 

yield/plant were exhibited by seeds/pod (0.43), pods/plant (0.35) and 

primary branches/plant (0.18) whereas, high negative direct effects 

were exhibited by pod length (-0.13) and pod wall proportion (-0.12). 

At genotypic levels the high positive direct effects on seed 

yield/plant were exhibited by pod length (2.36), days to maturity (1.51), 

primary branches/plant (0.80) and pod wall proportion (0.41) whereas, 

high negative direct effects were exhibited by days to 50% flowering (-

2.21) seeds/pod (-1.68) and pods/plant (-0.09). 

4.4.2   Indirect effects 

At phenotypic level days to 50% flowering had high positive 

indirect effect via seeds/pod (0.17) whereas, it had negative indirect 

effects via pods/plant (-0.11), days to maturity had high positive indirect 

effect via seeds/pod (0.12) whereas, it had negative indirect effects via 

pods/plant and pod length (-0.05), plant height had high positive 

indirect effect via seeds/pod (0.11) whereas, it had negative indirect 

effects via pod length (-0.04), primary branches/plant had high positive 

indirect effect via seeds/pod (0.07) whereas, it had negative indirect 

effects via pod length (-0.03), pods/plant had high positive indirect 

effect via pod length (0.03) whereas, it had negative indirect effects via 

seeds/pod (-0.09), pod length had high positive indirect effect via 



seeds/pod (0.36) whereas, it had negative indirect effects via 

pods/plant (-0.08), seeds/pod had high positive indirect effect via 100-

seed weight (0.06) whereas, it had negative indirect effects via pod 

length (-0.11), 100-seed weight had high positive indirect effect via 

seeds/pod (0.16) whereas, it had negative indirect effects via 

pods/plant (-0.10) and pod wall proportion had high positive indirect 

effect via pods/plant (0.06) whereas, it had negative indirect effects via 

100-seed weight  (-0.04). 

At genotypic level days to 50% flowering had high positive 

indirect effect via pod length (1.72) whereas, it had negative indirect 

effects via seeds/pod (-1.07), days to maturity had high positive indirect 

effect via pod length (1.34) whereas, it had negative indirect effects via 

days to 50% flowering (-1.85), plant height had high positive indirect 

effect via primary branches/plant (0.11) whereas, it had negative 

indirect effects via seeds/pod (-0.51), primary branches/plant had high 

positive indirect effect via pod length (0.66) whereas, it had negative 

indirect effects via days to 50% flowering (-0.96), pods/plant had high 

positive indirect effect via seeds/pod (0.54) whereas, it had negative 

indirect effects via pod length (-0.84), pod length had high positive 

indirect effect via days to maturity (0.85) whereas, it had negative 

indirect effects via seeds/pod (-1.63), seeds/pod had high positive 

indirect effect via pod length (2.29) whereas, it had negative indirect 

effects via days to 50% flowering (-1.41), 100-seed weight had high 

positive indirect effect via pod length (1.14) whereas, it had negative 

indirect effects via days to 50% flowering (-0.82) and pod wall 

proportion had high positive indirect effect via days to 50% flowering 

(0.01) whereas, it had negative indirect effects via days to maturity (-

0.09). 



4.5 Genetic divergence  

The knowledge of genetic divergence provides us a sound 

scientific basis for the selection of genotypes to be used in 

hybridization programme for further improvement. The D2 analysis was 

carried out to estimate genetic divergence among the 72 genotypes 

(including 3 checks) of cowpea. The generalized D2 values were 

calculated for each pair of genotypes in all possible combinations. 

4.5.1 Grouping of genotypes into various clusters 

All the genotypes were grouped into various clusters by Tocher 

method (Rao, 1952). The genotypes were grouped into 9 distinct 

clusters Table 4.7 and dendrogram obtained in figure 2. Cluster I 

contained maximum number of genotypes i.e. 33 genotypes followed 

by cluster II which contained 11 genotypes, cluster IV contained 3 

genotypes, cluster V contained 4 genotypes, cluster VI contained 9 

genotypes, cluster VII contained 8 genotypes, cluster VIII contained 2 

genotypes and cluster III  and cluster IX contained only one genotype 

each. 

4.5.2 Mean values of cluster 

Perusal of Table 4.8 indicated that mean values for different 

characters in different clusters varied considerably. The results showed 

that range was of wider divergence for the characters plant height 

followed by pod wall proportion and narrow divergence for the 

characters primary branches/plant and pods/plant. Days to 50% 

flowering ranged from 37.67 days (cluster III) to 50.33 days (cluster IX). 

Days to maturity ranged from 65.33 days (cluster III) to 75.67 days 

(cluster IX). Plant height ranged from 30.53 cm (cluster III) to 90.90 cm 



(cluster III). Primary branches/plant ranged from 3.50 (cluster III) to 

5.18 (cluster IV). Pods/plant ranged from 3.50 (cluster IX) to 5.05 

(cluster VIII). Pod length ranged from 11.03 cm (cluster V) to 20.47 cm 

(cluster IX). Seeds/pod ranged from 10.10 (cluster I) to 15.63 (cluster 

IX). 100-seed weight ranged from 7.97 g (cluster II) to 17.34 g (cluster 

IX). Pod wall proportion ranged from 20.12 (cluster V) to 47.70 (cluster 

VIII). Seed yield/plant ranged from 3.38 g (cluster V) to 4.49 g (cluster 

IV). 

4.5.3 Intra and inter- cluster distances 

The average intra and inter cluster distance (D ) were 

calculated from the D2 values of the respective genotypes within and 

between the clusters. A perusal of data presented in Table 4.9 

indicated that the intra cluster distance (D2) ranged from zero to 6.63 

(43.96). Inter cluster distance (D2) ranged from 5.56 (30.91) to 19.39 

(375.97). The maximum intra cluster distance was observed within 

cluster VI followed by cluster VII. The maximum inter cluster distance 

was observed between cluster VIII and cluster V followed by cluster IX 

and cluster VIII and cluster VIII and cluster VII.  

4.5.4 Contribution of individual character to divergence 

Contribution of individual character toward divergence was the 

highest estimated for seed yield/plant (35.81%) followed by 100-seed 

weight (29.07%) and plant height (19.33%). Days to maturity (0.16%) 

contributed least towards total divergence (Table 4.10). 

 

 

 



Table 4.7: Number of clusters along with included genotypes 

Clusters No. of 
genotypes 

Genotypes 

I 33 GC-723, GC-810, CPD-127, CPD-134, JOB-11, 

CPD- 129, MUTANT-7, CPD-108, GC-3, GC-3,  GC-

3, MUTANT-5, CPD-119, CPD-115, CPD-105, CPD-

132, GC-703, JOB-80BR, CP-107, JOB-80BR, CPD-

121, CPD-119, JOB-129, CPD-108, GC-501, 

MUTANT-9, GC-817,PHULE-CP-5030, CPD-77, 

CPD-142 , PHULE-CP-5040, JOB-129, RC-101 

II 11 RC-19, RC-19, MUTANT-6, SUBHARA, MUTANT-8, 

MUTANT-4, MUTANT-1, RC-101, GC-521, CPD-

115, PGCP-6 

III 1 JOB-129 

IV 3 KBC-4, DC-15, KBC-5,  

V 4 MUTANT-3, MUTANT-11, MUTANT-10, MUTANT-

12,  

VI 9 CPD-118, CPD-103, CPD-136, GC-3, CPD-121, 

PTB-1, MUTANT-1, DCS-47-1, HC-38 

VII 8 GC-525, NBC-1, GC-815, NBC-2, PGCP-12, NBC-2, 

CPD-83, CPD-83 

VIII 2 CPD-78, CPD-118  

IX 1 GOA LOCAL 
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Table 4.10: Contribution of each character to divergence 

 S.No.  Source Times ranked 1st Contribution % 

1       Days to 50% flowering  8 0.31% 

2       Days to maturity 4 0.16% 

3       Plant height (cm) 494 19.33% 

4       Primary branches/plant 18 0.70% 

5       Pods/plant 15 0.59% 

6       Pod length (cm) 109 4.26% 

7       Seeds/pod 9 0.35% 

8       100-seed weight (g) 743 29.07% 

9        Pod wall proportion (%)  164 6.42% 

10      Seed yield/plant (g) 992 38.81% 

 

 

 

 

 

 

 

 

 



                                     5. DISCUSSION 

Cowpea is one of the major pulse crops grown in kharif season 

in Rajasthan. It produces sufficient amount of biomass and seed yield 

per plant in semi-arid region because it s drought tolerant crop with 

spreading indeterminate growth habit. It has high protein content (20-

25%) and can be used as dal, vegetable and in various confectionary 

preparations. 

In Rajasthan cowpea is of great importance because of its short 

duration, high yield potential and quick growing habits along with high 

protein content. The crop is also known to provide quick and thick 

cover on ground and thus help in conservation of soil. No single 

cowpea variety can be suitable for all conditions (Barrett, 1987) due to 

its several diverse uses making the varietal requirement diverse in term 

of plant height, seed type, maturity and pattern of use which very 

extremely from region to region and has made breeding programme for 

cowpea more complex. Thus, there is need to develop varieties 

suitable for a specific region. However, production is constrained or low 

due to several reasons, such as poor fertility, lack of fertilizer 

application, susceptibility to diseases and pests and the absence of 

improved cultivars, under such circumstances genetic diversity is of 

great importance and plays a crucial role in focusing crop 

improvement. 

The knowledge about the genetic variability and character 

association is the prime requirement in a breeding programme as it 

decides the selection criteria and breeding strategy. Moreover, 

identification of high yielding genotypes and the genotypes having 



superior performance for component characters which are positively 

associated with seed yield and genotypes which are genetically more 

diverse is also important because these may be used as parents in 

hybridization programme. Hence, the present investigation aimed to 

assess the genetic correlation between various pairs of traits character 

associations and genetic divergence in 72 genotypes of cowpea to 

determine the selection criteria on the basis of association analysis and 

determine the degree of divergence for improvement in seed yield. In 

view of the above facts the experimental findings of the present 

investigation have been discussed with respect to the available 

literature. 

5.1 Variability parameters 

Information about genetic variation existing within the genetic 

material is vital in assessing the potential for successful selection and 

breeding for increased seed yield because genetic variability is 

essential to realize response to selection pressure. Thus, genetic 

variability was estimated for seed yield and its components. Analysis of 

variance indicated highly significant differences among the genotypes 

for all the characters studied, which indicated that the material used 

had considerable genetic variability. Similar finding were also reported 

by Venkatesan et al. (2003), Vineeta et al. (2003) and Zargar et al. 

(2005). The significant difference among the genotypes for the 

characters studied indicated that the genotypes, if intermated could 

provide better combination in segregating generation. 

 

 



5.1.1 Mean and Range 

Genotypes exhibited wide range for mean and variance for 

almost all the characters studied. Similar finding were also reported by 

Kandaswami et al. (1989), Sharma and Singhania (1992), Rewale et al. 

(1995), Ahmed et al. (2000), Anbuselven et al. (2000), Grish et al. 

(2006) and Dhanasekar et al. (2010). Genotypes having high mean for 

specific characters were identified and it revealed that CPD-103, GC-

525, DC-15, CPD-78, PGCP-6 and CPD-118 had high mean and 

appeared to be at par with each other and were found significantly 

superior to all the checks for seed yield/plant. The mean performance 

of genotypes for days to 50% flowering was 40.34 days which were 

close to the performance exhibited by checks. This trait could be taken 

as an index of maturity period. Assumes early flowering as desirable, 

the genotypes Mutant-3, Mutant-4, JOB-129 and Mutant-9 appeared to 

have lower days to flowering than checks. It is worth mentions that all 

the genotypes are mutants of RC-101 (Personal communicated, Dr. K. 

Ram Krishna). Genotypes - GC-723, CPD-118, JOB-80BR and GC-

810 appeared to have early maturity than checks.  Genotypes CPD-

118 had highest mean value for plant height, but dwarfness is desirable 

therefore, Mutant-10, JOB-80BR, Mutant-2, Mutant-9 and JOB-129 

genotypes were found to be superior over checks of RC-101, RC-19 

and GC-3. Primary branches/plant is one of the important component 

traits of seed yield/plant. The genotypes DCS-47-1, DC-15 and CPD-

103 were found to be superior over checks of RC-101, RC-19 and GC-

3. Regarding pods/plant, the genotypes CPD-115, Mutant-6 and CPD-

78 were better than the checks RC-101 and GC-3. GOA LOCAL, PTB-

1, DC-15 and KBC-4 were superior for pod length over the checks. 

Seeds/pod is also an important trait as it directly influences seed 



yield/plant. GOA LOCAL, PTB-1 and KBC-4 genotypes had superior 

performance over the checks. 100-seed weight like seeds/pod is also 

important component traits of seed yield/plant. About one third of the 

test genotypes have higher magnitude for this trait. However, GOA 

LOCAL, CPD-83 and NBC-1 genotypes have significantly different from 

the checks in the positive direction. The genotypes had lower values of 

pod wall proportion viz., Mutant-12, GC-525, Mutant-11, CPD-77 and 

Mutant-10 over the checks. These genotypes with specific desirable 

characters can be utilized in hybridization programme in order to get 

superior recombinants in segregating generations. 

5.1.2 Phenotypic and genotypic variance 

The existence of considerably higher genetic variability was also 

revealed by higher phenotypic and genotypic variance for all the 

characters studied. The phenotypic variance was higher than their 

respective genotypic variance for all the characters studied indicating 

the influences of environment on the expression of these traits. 

5.1.3 Phenotypic and genotypic coefficient of variance (PCV & 

GCV) 

The PCV was higher than the values of their respective GCV for 

all the characters studied which indicated the positive effects of 

environment in enhancing character expression among genotypes at 

phenotypic level. High estimates of GCV and PCV were recorded for 

the characters viz., plant height followed by 100-seed weight and pod 

wall proportion which indicated the presence of high amount of genetic 

variability for these characters. Thus, selection may be effective for 

these characters because the response to selection is directly 



proportional to the variability present in the experimental material. 

These finding were consistent with those of Singh and Verma (2002), 

Venkatesen et al. (2003), Zargar et al. (2005), Saini (2007), Manggol et 

al. (2012) and Chattopadhyay et al. (2014). 

5.1.4 Heritability and expected genetic advance 

The knowledge of heritability estimate of quantitative characters 

is very important as phenotypic expression of a genotype may be 

altered by environment at various stages of its development. The 

response of selection depends upon the relative magnitude of heritable 

variation present in relation to the phenotypic variation. In the present 

investigation, high heritability estimates were observed for the 

characters studies viz., 100-seed weight followed by plant height, pod 

wall proportion, pod length, seeds/pod, seed yield/plant. Similar 

observations were recorded by Damarany (1994), Ram et al. (1994), 

Vineeta et al. (2003) and Idahosa et al. (2010). High heritability 

indicated closeness of respective  and  values thereby, low 

environmental effects on the expression of these characters. Thus, 

phenotypic selection may be effective for these characters.  

Heritability estimates alone do not provide reliable information 

about the gene action governing the expression of a particular 

character and also do not provide the information of the amount of 

genetic progress that would result from the selection of best 

individuals. Johanson et al. (1955) had pointed out that the heritability 

estimates along with genetic advance was more useful than the 

heritability estimates alone in predicting the response to selection.  



Relative comparison of heritability coupled with genetic advance 

as per cent of mean over the characters indicated that characters 100-

seed weight and plant height had high heritability estimates coupled 

with high genetic advance as per cent of mean. Panse (1957) 

suggested that the genotypic variation for such characters is probably 

due to high additive genetic effects and are least influenced by 

environment. High estimates of heritability and genetic advance as per 

cent of mean for 100-seed weight and plant height were also reported 

by Ramesh and Sangwan (2000) and Zargar et al. (2005). These 

characters also had high GCV and PCV. Thus, selection could be 

expected to effect desirable improvement in two traits. 

Another characters, pod wall proportion, seed yield/plant and 

pod length had high heritability coupled with moderate genetic advance 

as per cent of mean which indicated these characters was mainly 

under the control of non-additive gene action. Similar finding was 

reported by Bachiyarani and Nadarajan (1996) and Rangaiah et al. 

(1999). 

Seeds/pod had high heritability coupled with low genetic 

advance as per cent of mean indicated these characters may be 

governed by non-additive gene action that indicated least or complete 

absence of response to selection for this character. Similar finding was 

reported by Mathur (1995). 

5.2 Character association 

Genetic correlation provides information about degree and 

direction of association between two characters. It may result due to 

genetic causes such as pleiotropic effect or linkage or it may also due 



to environment causes. The magnitude and direction of correlation 

coefficient varies with the genetic material and the environment in 

which the genetic material is evaluated. The magnitude and direction of 

correlation helps in judging how improvement in one characters will 

cause simultaneous change in the other characters. 

High magnitude of positive correlation coefficient at genotypic 

level between seed yield and its component characters is important for 

indirect selection for seed yield/plant. Since suitable test for 

significance of genotypic correlation coefficient is not available 

therefore, major emphasis has been put on phenotypic correlation 

coefficient. The estimate of correlation was compared with the ‘r’ 

values given in the ‘r’ Table (Fisher and Yates, 1938) at error degree of 

freedom. In general, the genotypic correlation coefficient were greater 

than their phenotypic correlation coefficient which indicated higher 

degree of association between two characters at genotypic levels, the 

magnitude of phenotypic correlation coefficient decreased due to the 

effect of environment. 

In the present investigation, seed yield/plant had significant 

positive correlation for all characters viz., days to 50% flowering, plant 

height, primary branches/plant, pods/plant, pod length, seeds/pod and 

100-seed weight except, days to maturity and pod wall proportion. 

Similar finding reported by Tiwari and Gautam (1989), Thiagarajan and 

RajashKaran (1989), Tamilselven and Das (1994), Sawant (1994), 

Mathur (19950, Tyagi et al, (2000), Venkatesen et al. (2003), Patil et al. 

(2004), Kumawat and Raje (2005) and Manggol et al. (2012). On the 

basis of association analysis it can be concluded that seeds/plant is the 

major components of seed yield/plant. This character should be 

considered as potential selection for improvement in seed yield. 



Primary branches/plant, pods/plant, pod length, seeds/pod and 

100-seed weight had significant positive correlation with seed 

yield/plant. This indicated that selection for higher values of these 

characters will be effective in increasing the seed yield/plant. While, 

days to 50% flowering, plant height and pod wall proportion had 

significant positive correlation which again indicated that selection for 

lower values of these characters will be effective in increasing the seed 

yield/plant. Summarized features of correlation are presented in Table 

5.1. 

Table 5.1: Character association and interrelationship between 
different characters 

Characters Significant positive 
correlation 

Significant 
negative  
correlation 

Days to 50% 

flowering 

Days to maturity, plant height, 

primary branches/plant, pod 

length, seeds/pod, 100-seed 

weight and seed yield/plant 

Pods/plant 

Days to 

maturity 

Pod length and  seeds/pod Pods/plant 

Plant height 

(cm) 

Pod length, seeds/pod and 

seed yield/plant 

- 

Primary 

branches/plant 

Pod length , seeds/pod and 

seed yield/plant 

- 

Pods/plant Pod wall proportion and Seed 

yield/plant 

Pod length, 

seeds/pod and 100-

seed weight 

Pod length (cm) Seeds/pod, 100-seed weight 

and seed yield/plant 

- 

Seeds/pod 100-seed weight and seed 

yield/plant 

- 

100-seed 

weight (g) 

Seed yield/plant Pod wall proportion 

Pod wall 

proportion (%) 

- - 



5.3 Path coefficient analysis 

The correlation analysis does not provide a clear picture of 

interrelationship of different characters influencing seed yield/plant. The 

expression of complex characters like seed yield/plant depends upon 

the interplay of a number of components characters. Thus, path 

coefficient analysis was carried out by taking seed yield/plant as 

dependent variable to partition the correlation coefficient into direct and 

indirect effects in order to determine the contribution of different 

characters towards the seed yield/plant. The path coefficient analysis 

at genotypic level has been discussed in view of the available 

literature. 

In the present investigation, high positive direct effects on seed 

yield/plant were exerted by seeds/pod, pods/plant, primary 

branches/plant, pod length and days to maturity whereas, high 

negative direct effects were exerted by pod length, pod wall proportion, 

days to 50% flowering, seeds/pod and pods/plant. These observations 

were in agreement with those of Tyagi and Koranne (1988), Patil et al. 

(1989), Altinbas and Sepetogly (1993), Kalaiyarasi and Papanisamy 

(2001), Vineeta et al. (2003) and Anbumalarmathi et al. (2005). Seed 

yield/plant had significant positive correlation for characters viz., days 

to 50% flowering, plant height, primary branches/plant, pods/plant, pod 

length, seeds/pod and 100-seed weight. 

The results suggested that primary branches/plant, pods/plant 

and seeds/pod can be used as reliable parameter for seed yield in 

cowpea. Primary branches/plant had high positive indirect effect via 

seeds/pod while negative indirect effects via pod length. Pods/plant 



had high positive indirect effect via pod length while negative indirect 

effects via seeds/pod. Seeds/pod had high positive indirect effect via 

100-seed weight while negative indirect effects via pod length. Primary 

branches/plant, pods/plant and seeds/pod with higher magnitude while, 

days to 50% flowering, days to maturity, pod wall proportion and 100-

seed weight with low magnitude can be used as reliable parameter for 

seed yield in cowpea. 

5.4 Genetic divergence 

The knowledge of genetic divergence provides us a sound 

scientific basis for the selection of genotypes to be used in 

hybridization programme for further improvement. The breeders 

sometimes make a choice of good parents based on visual 

examination of desirable attributes but, a more rational approach is to 

base the selection on combining ability effects and F1 heterosis 

(Arunchalam,1989). Maximum hetrosis is expressed in F1 hybrid 

between parents which are genetically more divergent (within units). 

Generally, divergence study is performed to make search for superior 

and divergent parents for any hybridization programme. Therefore, 

while selecting parents for a crossing programme, two points are 

considered: 

1. The choice of clusters with maximum group distance, and 

2. Selection of one or two genotypes from already chosen 

clusters. 

Crossing of genetically diverse parents may provide improved 

progenies due to assembling of desirable genes scattered in these 

parents. 



In the present investigation, 72 genotypes collected from 

different places were clubbed into 9 clusters. This indicated that 

genotypes were and much divergent. While cluster I contained 

maximum number of genotypes i.e. 33 genotypes, cluster II contained 

11 genotypes, cluster IV contained 3 genotypes, cluster V contained 4 

genotypes, cluster VI contained 9 genotypes, cluster VII contained 8 

genotypes, cluster VIII contained 2 genotypes and cluster III and 

cluster IX contained one genotype in the sense that they has solitary 

entry. 

The maximum inter cluster distance was observed between 

cluster VIII and cluster V followed by cluster IX and cluster VIII and 

cluster VIII and cluster VII. Maximum intra cluster distance was 

observed within cluster VI followed by cluster VII. Since clusters III and 

IX had solitary entry, intra cluster distance was zero. Intra cluster 

distance was less compared to inter cluster distance. Theoretically, one 

can anticipate maximum expression of heterosis in hybrids obtained by 

crossing of genotypes having maximum genetic distance. Inter cluster 

distance and mean cluster values for characters indicated that 

hybridization of clusters VIII (CPD-78 and CPD-118) with clusters V 

assessions (Mutant-3, Mutant-11, Mutant-10 and Mutant-12) would 

result in marked heterosis and produce segregants with improved yield. 

In selecting genotypes from the already chosen group, important 

characteristics like disease resistance, earliness, quality or even 

performance of particular character should also be considered 

(Choudhary et al., 1975). The mean performance of already formed 

clusters with respect to all the significant characters could not be taken 

into consideration simultaneously. It was imperative therefore, to 



consider characters having high contribution to total divergence. Seed 

yield/plant followed by 100-seed weight and plant height contributed 

maximum towards total divergence. These observations were in 

agreement with those of Usakumari et al. (2000), Kumawat and Raje 

(2005), Anbumalamarthi and Nadarajan (2007) and Nagalakshmi et al. 

(2010). Thus, it was concluded that best performing genotypes from 

cluster VIII and cluster V could be hybridized to generate superior 

progenies in segregating generations. 

5.5 Plant breeding implications 

Significant genetic variability was present in the material for 

seed yield and its components which indicated the possibility of 

improvement in seed yield. Genotypes with high mean performance for 

specific characters were identified, which indicated that the genotypes 

may be used in breeding programme. 

Consideration of genetic parameters of variation indicated that 

high estimate of PCV and GCV were recorded for plant height followed 

by 100-seed weight and pod wall proportion. Further, joint 

consideration of GCV, PCV and heritability estimates along with 

genetic advance as per cent of mean indicated that characters plant 

height and 100-seed weight under the control of additive gene effects 

Thus, direct selection of this character in segregating generation will be 

responsive. On consideration of correlation coefficient and path 

coefficient analysis it revealed that direct selection for higher values of 

primary branches/plant, pods/plant, pod length, seeds/pod and 100-

seed weight and lower values of  days to 50% flowering, days to 



maturity, pod wall proportion and plant height will be effective 

improving seed yield/plant. 

On simultaneous consideration of genetic parameters of 

variation, correlation coefficient and path analysis it revealed that direct 

selection for higher values pods/plant and seeds/pod in segregating 

generation will be highly responsive in improving seed yield/plant. Seed 

yield/plant (35.81%) followed by 100-seed weight (29.07%) and plant 

height (19.33%) appeared to be the most important traits contributing 

maximum towards genetic divergence. Inter cluster distance and mean 

cluster values for characters indicated that hybridization of clusters VIII 

assessions with clusters V assessions would result in marked heterosis 

and produce segregants with improved yield. 

One interesting point that emerged from the study that certain 

mutants of checks varieties RC-101 and RC-19 were included in the 

study. Cluster V was comprised only of the mutant genotypes whereas 

cluster III had only one genotype which was a mutant of RC-101. This 

indicates these mutants were considerable diverged from their parents 

and can be identified in the clustering revealed by D2 analysis. Another 

interesting point to note in the study was repetition of certain checks, 

mutants and genotypes GC-3, RC-101, RC-19, JOB-129, JOB-80BR, 

CPD-121, CPD-83, CPD-119, CPD-118, CPD-115, and CPD-108. 

During clustering it was found repeated checks and genotypes were 

included in the same cluster. However, in case of GC-3, RC-101, CPD-

118, CPD-115, JOB-129 and CPD-121 which were found in different 

clusters, latter observation may be attributed to an experimented error 

arising from fertility gradient. 



Thus, on the basis of present investigation it can be concluded 

that sufficient amount of genetic variability was present in the genetic 

material. This variability can be exploited by carrying out hybridization 

involving genotypes having superior performance for the components 

characters determining seed yield/plant. Thus, direct selection should 

be carried out for higher values of primary branches/plant, pods/plant 

and seeds/pod in segregating generation for improving seed 

yield/plant. The mean performance of top 10 genotypes based on seed 

yield/plant and early maturity, respectively (Table: 5.2 and 5.3). 



 Table 5.2: The mean performance of top 10 genotypes based on seed 

yield/plant 

S.No Genoty
pes 

Days 
to 50% 
floweri
ng 

Days 
to 
maturi
ty 

Plant 
heigh
t (cm) 

Primar
y 
branc
hes/pl
ant 

Pods
/plan
t 

Pod 
length 
(cm) 

Seeds 
/pod 

100-
seed 
weigh
t (g) 

Pod 
wall 
proporti
on (%) 

Seed 
yield/pl
ant (g) 

1. CPD-
103 

40.33 67.33 92.17 5.43 5.37 12.03 10.53 
9.20 

23.98 
5.23 

2. GC-525 39.67 68.33 38.57 4.23 5.00 11.30 10.80 14.26 19.01 5.19 

3. DC-15 48.67 73.53 50.53 5.60 4.10 15.87 13.63 10.02 35.14 4.98 

4. CPD-78 38.33 66.33 80.63 4.83 5.67 12.93 11.80 11.49 43.11 4.91 

5. PGCP-6 40.33 68.00 40.50 4.27 4.60 15.27 14.43 10.23 29.93 4.70 

6. CPD-
118 

39.67 64.00 83.83 4.87 4.47 11.47 10.33 9.45 
28.85 

4.68 

7. DCS-47-
1 

48.33 75.67 45.23 6.10 3.17 14.67 12.03 9.43 
24.47 

4.65 

8. CPD-
115 

41.33 70.33 61.60 4.23 6.83 11.07 10.83 8.14 
40.18 

4.62 

9. CPD-
121 

39.33 66.23 61.37 5.37 5.17 12.03 10.90 11.44 
27.28 

4.55 

10. NBC-1 40.33 67.67 35.87 4.60 3.43 11.50 10.30 15.48 25.36 4.52 

  

 

 

 

 

 

 

 

 

 

 

 



Table 5.3: The mean performance of top 10 genotypes based on early 

maturity 

S.No Genotypes Days to 
50% 

floweri
ng 

Days to 
maturit

y 

Plant 
height 
(cm) 

Prima
ry 

branc
hes/p
lant 

Pod
s/pl
ant 

Pod 
length 
(cm) 

Seeds 
/pod 

100s
eed 
weig
ht (g) 

Pod 
wall 

propor
tion 
(%) 

Seed 
yield/p

lant 
(g) 

1 GC-723 38.67 63.00 36.33 4.20 3.97 10.97 9.93 9.26 30.19 2.88 

2 CPD-118 39.67 64.00 83.83 4.87 4.47 11.47 10.33 9.45 28.85 4.68 

3 GC-810  38.33 64.00 35.57 3.87 4.30 11.67 10.83 9.04 29.70 3.35 

4 JOB-80BR  38.67 64.33 26.40 4.40 4.57 12.00 11.23 11.07 28.01 3.46 

5 CPD-127  38.67 64.33 37.23 4.40 4.73 11.93 10.93 9.59 26.70 3.77 

6 RC-19 38.33 64.33 43.87 4.40 4.43 12.27 11.97 8.04 41.08 3.60 

7 PHULE-CP-

5040 

41.33 64.33 33.30 3.57 3.93 11.53 10.23 9.18 34.88 3.65 

8 Mutant-3 35.33 64.67 46.90 4.30 5.17 10.10 9.73 6.68 22.69 3.39 

9 JOB-129 37.67 64.67 30.70 4.17 5.57 11.13 10.13 10.76 32.45 4.13 

10 NBC-3 39.67 64.67 31.70 4.77 3.93 11.20 10.27 14.17 33.89 3.99 

 

 

 

 

 

 



 

                                                    6. SUMMARY AND CONCLUSION

  

The present investigation entitled “Character associations and 

genetic divergence in cowpea [Vigna unguiculata (L.) Walp.]” was 

conducted at Agriculture Research Farm, S.K.N. College of Agriculture, 

Jobner, during kharif season 2013 with the objectives of estimating the 

extent of genetic variation, degree of association, path coefficient 

analysis and genetic divergence among 72 genotypes including 3 

checks of cowpea. Genotypes were evaluated in a Randomized 

Completely Block Design (RCBD) with three replications for seed yield 

per plant and its component characters with a view to decide breeding 

strategy and also to determine selection criteria for improving seed 

yield/plant in cowpea. Observation were recorded on days to 50% 

flowering, days to maturity, plant height (cm), primary branches/plant, 

pods/plant, pod length (cm), seeds/pod, 100-seed weight (g), pod wall 

proportion (%) and seed yield/plant (g). The data obtained were 

subjected to statistical analysis and results obtained are summarized 

below: 

1. Analysis of variance indicated considerable amount of genetic 

variability among the genotypes for all the characters studied. 

The high estimates of genotypic and phenotypic variance were 

recorded for plant height followed by pod wall proportion. 

2. The PCV were higher than their respective GCV for all the 

characters studied. High estimates of GCV and PCV were 

recorded for plant height followed by 100-seed weight and pod 



wall proportion. Whereas, moderate estimate of PCV and GCV 

were recorded for seed yield/plant followed by pods/plant, pod 

length, primary branches/plant and seeds/pod and lower 

estimate of PCV and GCV for days to 50% flowering and days to 

maturity. 

3. High estimates of heritability were recorded for 100-seed weight 

followed by plant height, pod wall proportion, pod length, and 

seeds/pod. Whereas, estimates of heritability were moderate for 

the characters seed yield/plant, primary branches/plant, 

pods/plant and days to 50% flowering. The heritability estimate 

was low for days to maturity. 

4. The characters 100-seed weight and plant height had high 

heritability estimates along with high genetic advance as per 

cent of mean which indicated a major role of additive gene 

action for this character, whereas, seed yield/plant, pod length 

and pod wall proportion had high heritability along with moderate 

genetic advance as per cent of mean which indicated that 

character was mainly governed by non additive gene action. 

Seeds/pod had high heritability along with low genetic advance 

as per cent of mean which indicated major role of non additive 

gene action. Days to maturity had low estimates of genetic 

advance as per cent of mean which indicated least or complete 

absence of response to selection for these characters. 

5. Correlation analysis in phenotypic level indicated that seed 

yield/plant had significant positive correlation for all the 

characters viz., days to 50% flowering, plant height, primary 



branches/plant, pods/plant, pod length, seeds/pod and 100-seed 

weight except, days to maturity and pod wall proportion. In 

addition, days to 50% flowering and days to maturity had 

significant positive correlation with pod length, seeds/pod and 

100-seed weight. Among other yield attributing traits primary 

branches/plant had significant positive correlation with pod 

length and seeds/pod and pods/plant had significant positive 

correlation with pod wall proportion. Seeds/pod had significant 

positive correlation with 100-seed weight. 

6. Path coefficient analysis revealed that seed yield/plant can be 

improved upon by direct selection for more number of primary 

branches/plant, pods/plant, pod length, seeds/pod and 100-seed 

weight and lower values of days to 50% flowering, days to 

maturity, plant height and pod wall proportion. 

7. Simultaneous consideration of genetic parameters of variation, 

correlation coefficient and path analysis indicated that selection 

for primary branches/plant, pods/plant, seeds/pod and seed 

yield/plant in segregating generation will be effective for 

improvement in seed yield in cowpea. 

8. The D2 statistics was used to measure degree of divergence 

among genotypes. All the genotypes were grouped into 9 

clusters. Intra cluster distance was found to be low as compared 

to inter cluster distance. The maximum inter cluster distance 

was observed between cluster VIII and V followed by IX and 

VIII. Seed yield/plant and 100-seed weight appeared to be the 

most important traits contributing maximum towards genetic 



divergence. Inter cluster distance and mean cluster values for 

characters indicated that hybridization of clusters VIII 

assessions with clusters V assessions would result in marked 

heterosis and produce segregants with improved yield. 

9. Comparison of genotypes with checks indicated that the 

genotypes Mutant-3 and Mutant-4 for days to 50% flowering, 

GC-723 and CPD-118 for early maturity, Mutant-10 and JOB-

80BR for plant height, DCS-47-1 and DC-15 for primary 

branches/plant, CPD-115 and Mutant-6 for pods/plant, GOA 

LOCAL and PTB-1 for pod length,  GOA LOCAL and PTB-1 for 

seeds/pod,  GOA LOCAL and CPD-83 for 100-seed weight, 

Mutant-12 and GC-525 for pod wall proportion and CPD-103, 

GC-525 and DC-15 were superior for seed yield/plant over the 

checks. 

10. Conclusively, from the result of parents study it is possible to 

identify useful parents for hybridization and recover even better 

segregants with high seeds yield/plant and other attributes such 

as earliness. 
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CHARACTER ASSOCIATIONS AND GENETIC 

DIVERGENCE IN COWPEA [Vigna unguiculata (L.) Walp.] 

Hemant Kumar Meena*                  Dr. K. Ram Krishna** 

(Investigator)                          (Major Advisor) 

Abstract 

A field experiment was conducted during kharif 2013 to evaluate 

72 genotypes of cowpea to estimate genetic variability, characters 

association and direct and indirect effects of different characters on 

seed yield and to assess genetic divergence. 

Analysis of variance indicated existence of significant genetic 

variability for all the characters studied. High values of genotypic and 

phenotypic variance were recorded for plant height followed by pod 

wall proportion. High estimates of GCV and PCV were recorded for 

plant height followed by 100-seed weight and pod wall proportion. 

Whereas, moderate estimate of PCV and GCV were recorded for seed 

yield/plant followed by pods/plant, pod length, primary branches/plant 

and seeds/pod and lower estimate of PCV and GCV for days to 50% 

flowering and days to maturity. 

High estimates of heritability along with high genetic advance as 

per cent of mean was recorded for 100-seed weight and plant height 

which indicated major role of additive gene action in the expression of 

these characters while high heritability along with moderate genetic 
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advance as per cent of mean was recorded for pod wall proportion, 

seed yield/plant and pod length which indicated these characters was 

mainly governed by non additive gene action. Seed yield/plant had 

significant positive correlation for all characters viz., days to 50% 

flowering, plant height, primary branches/plant, pods/plant, pod length, 

seeds/pod and 100-seed weight except, days to maturity and pod wall 

proportion. 

Path coefficient analysis revealed that seeds/pod, pods/plant 

and primary branches/plant exhibited high direct positive effect on seed 

yield/plant.  Pod length and pod wall proportion had high negative 

direct effects on seed yield/plant. Simultaneous consideration of 

genetic parameters of variation, correlation and path coefficient 

analysis indicated that direct selection should be carried out for higher 

values of seeds/pod to increase seed yield/plant. 

Grouping of genotypes was performed through D2 statistics 

(Mahalanobis). All the 72 genotypes were grouped into 9 clusters. Two 

characters seed yield/plant (35.81%) and 100-seed weight (29.07%) 

had maximum contribution towards genetic divergence. Intra cluster 

distance was found to be low as compared to inter cluster distance. 

The maximum inter cluster distance was observed between cluster VIII 

and V followed by IX and VIII. It was concluded that crossing between 

clusters VIII (CPD-78 and CPD-118) and clusters V (Mutant-3, Mutant-

11, Mutant-10 and Mutant-12) could produce elite progenies in 

segregating generation. Conclusively, from the result of parents study it 

is possible to identify useful parents for hybridization and recover even 

better segregants with high seeds yield/plant and other attributes such 

as earliness. 

 



yksfc;k yksfc;k yksfc;k yksfc;k [foXuk vUxqbdqysVkfoXuk vUxqbdqysVkfoXuk vUxqbdqysVkfoXuk vUxqbdqysVk    ¼,y¼,y¼,y¼,y----½ okYi½ okYi½ okYi½ okYi----]    easa y{k.k lgp;Z easa y{k.k lgp;Z easa y{k.k lgp;Z easa y{k.k lgp;Z 
,oa vkuqoaf’kd fofo/krk,oa vkuqoaf’kd fofo/krk,oa vkuqoaf’kd fofo/krk,oa vkuqoaf’kd fofo/krk    

gseUr dqekj ehukgseUr dqekj ehukgseUr dqekj ehukgseUr dqekj ehuk*                MkWMkWMkWMkW----    dsdsdsds----    jke d`".kjke d`".kjke d`".kjke d`".k**    
'kks/kdrkZ'kks/kdrkZ'kks/kdrkZ'kks/kdrkZ                                                                eq[; lykgdkjeq[; lykgdkjeq[; lykgdkjeq[; lykgdkj    

vuq{ksi.kvuq{ksi.kvuq{ksi.kvuq{ksi.k    

yksfc;k ds 72 thu iz:iksa dk [kjhQ 2013 ds nkSjku fofHkUurk 

vkdyu] cht mit dk mlds lekxeksa ds lkFk y{k.k lgp;Z ,oa ijks{k 

,oa vijks{k izHkkoksa ds fu/kkZj.k ,oa tuuhd fofo/krk dk eqY;kadu djus ds 

fy, iz;ksx fd;k x;kA 

 fofHkUurk fo’kys"k.k us lHkh v/;;u fd;s x;s y{k.kksa ds 

fy, lkFkZd fofHkUurk n’kkZbZA thu iz:iksa esa ikni ÅapkbZ ,oa 100 chtksa 

dk Hkkj ds fy, y{k.k ,oa vkuqoaf’kd fofo/krk ds fy, mPp eku ns[kk 

x;kA thu iz:iksa esa ikni ÅpkbZ] 100 chtksa dk Hkkj ,oa Qyh fHkfRr 

vuqikr ds fy, y{k.k ,oa vkuqoaf’kd fofo/krk xq.kkad dk mPp eku ns[kk 

x;kA tcfd cht mit@ikni] Qfy;kW@ikni] Qyh yEckbZ] izkFkfed 

'kk[kk,sa@ikni ,oa cht@Qyh ds fy, vkuqoaf’kd ,oa y{k.k fofo/krk 

xq.kkad dk vkadyu e/;e Lrj dk vfHkysf[kr fd;k x;kA 50 izfr’kr 

iq"iu ,oa ikni ifjiDork ds fy, y{k.k ,oa vkuqoaf’kd fofo/krk xq.kkad 

ds fy, fuEu eku fd;k x;kA  

 100 chtksa dk Hkkj ,oa ikni yEckbZ ds fy, mPp oa’kkuqxfr 

ds lkFk ek/; izfr’kr ds :Ik esa mPp vkuqoaf’kd izxfr dk vuqeku 

vfHkysf[kr fd;k x;k] ftlus bu y{k.kksa dh vfHkO;fDr esa ;qfXer thu 

fØ;k dk eq[; ;ksxnku n’kkZ;k tcfd Qyh fHkfRr vuqikr] cht 

mit@ikni ,oa Qyh yEckbZ ds fy, ek/; izfr’kr ds :i esa e/;e 
                                                           

*
 LukrdksÙkj Nk=] ikni iztuu ,oa vuqokaf’kd foHkkx] Jh d.kZ ujsUnz —f"k egkfo|ky;] ¼Jh d.kZ ujsUnz d`f"k 
fo’ofo|ky;] tkscusj½] tkscusjA 

**
 LukrdksÙkj ¼—f"k½ ds ikni iztuu ,oa vuqokaf’kd fo"k; esa mikf/k izkfIr dh vkaf’kd iwfrZ gsrq orZeku 'kks/k dk;Z  MkWMkWMkWMkW----    dsdsdsds----jkejkejkejke----    d`".k+]d`".k+]d`".k+]d`".k+]  vkpk;Z 
,oa foHkkxk/;{k] ikni iztuu ,oa vuqokaf’kd foHkkx] Jh d.kZ ujsUnz d`f"k egkfo|ky;] tkscusj ds funsZ’ku esa iw.kZ fd;k x;kA 



vkuqoaf’kd izxfr ds lkFk mPp oa’kkuqxfr vkdyu vfHkysf[kr dh xbZA 

ftlus bu y{k.kksa dk eq[; :i ls v;qfXer thu fØ;k }kjk fu;fU=r 

gksuk n’kkZ;kA cht mit@ikni dk ikni ifjiDork ,oa Qyh fHkfRr 

vuqikr ds NksM+dj 50 izfr’kr iq"iu] ikni ÅWpkbZ] izkFkfed 

'kk[kk,sa@ikni] Qfy;ka@ikni] Qyh yEckbZ] cht@Qyh ,oa 100 chtksa 

dk Hkkj ds lkFk lkFkZd /kukRed lglEcU/k ik;k x;kA  

 iFk xq.kkad fo’kys"k.k us ;g izdV fd;k dh cht@Qy] 

Qfy;kW@ikni ,oa izkFkfed 'kk[kk,W@ikni us cht mit@ikni ds izfr 

/kukRed izHkko iznf’kZr fd;kA Qyh yEckbZ ,oa Qyh fHkfRr vuqikr esa 

cht mit@ikni ds lkFk mPp izR;{k _.kkRed izHkko fn[kk;kA 

fofHkUurk ds vkuqoaf’kd ekin.Mksa] lglEc/k fo’ys"k.k ,oa iFk xq.kkd 

fo’ys"k.k dks ,d lkFk fopkj djus ls ;g fu"d"kZ fudyk dh cht 

mit@ikni esa o`f) ds fy, cht@Qyh ds mPp ekiksa dk izR;{k oj.k 

fd;k tkuk pkfg,A 

 thu iz:iksa dk lewghdj.k D2 lka[;dksa }kjk fd;k x;kA 

lHkh 72 thu iz:i ukS fofHkUu lewgksa esa lewfgr gq,A cht mit@ikni 

¼35-81 izfr’kr½ ,oa 100 chtksa dk Hkkj ¼29-07 izfr’kr½ dk ;ksxnku 

vkuqoaf’kd fofo/krk dh vksj vf/kdre jgkA vUr% lewg dh nwfj;k varj 

lewg dh nwfj;ksa dh rqyuk esa de ikbZ xbZA vf/kdre varj lewg nwjh 

lewg 8 ,oa lewg 5 rFkk blds ckn lewg 9 ,oa lewg 8 ds chp ikbZ 

xbZA blls ;g fu"dZ"k fudyk dh lewg 8 ¼lh-ih-Mh-&78 ,oa lh-ih-Mh-

&118½ ,oa lewg 5 ¼mRifjor&3] mRifjor&11] mRifjor&10 ,oa 

mRifjor&12½ ds thu iz:i dks vkil esa la;ksftr djkus ij ;s 

fol;ksth ih<h;ksa esa lokZRre larfr dks mRiUu dj ldrs gSA fu.kkZ;d 

:i ls ;g laLr`fr dh tkrh gS fd izLrqr v/;;u ds vk/kkj ij p;u 

fd;s x;s vPNs tudksa dks ladj.k esa mi;ksx dj ,oa mPp fol;kstd ds 

lkFk mPp cht mit@ikni vkSj vU; xq.kksa tSls 'kh?kz ifjiDou izkIr 

djuk laHko gks ldrk gSA       
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