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Characterization of germplasm for yield and it’s associated traits in cowpea  

[Vigna unguiculata (L.) Walp] 

MUBARAK A. SALI 

ABSTRACT 

 One hundred forty seven cowpea germplasm accessions were evaluated in Bengaluru, 

Pavagada and Mandya locations in α- lattice design to assess variability and Genotype × 

Environment interaction in summer 2022. High heritability with high GAM was observed for 

plant height, primary branches per plant, pods per plant, average pod length, average seeds per 

pod and average grain yield per plant at all three locations. K- means clustering method was 

used to classify 147 genotypes, as a result 12 clusters were identified. Cluster 8 was largest 

with 22 genotypes and cluster 7 was smallest with four genotypes. Cluster 7 and cluster 6 had 

highest inter cluster distance and genotypes belonging to these clusters can be used as parents 

for further crop improvement programme. Additive Main effects and Multiplicative 

Interaction (AMMI) model was used to detect and characterize genotype × environment 

interaction (GEI). GGE bi-plot was used to visually interpret GEI patterns of genotypes. Based 

on mean vs. stability pattern, genotypes KBC-2, IC-237422 and EC-170574- 6 were found to 

be highly stable with high mean grain yield per plant. Based on ‘which won- where’ pattern 

for average grain yield per plant, genotypes IC-402159 and CB-1024 were better in 

Bengaluru, and Pavagada location and genotypes IC-458492, NBC-51 and EC-472252 were 

better in Mandya location. Based on ASV, genotypes EC-458483, EC-394708, NBC-18 were 

found to be stable across three locations. Based on SI, genotypes IC-198355(45), EC-472271, 

EC-394708 were found stable with high mean grain yield per plant. 
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C®¸ÀAzÉAiÀÄ ªÀA±ÀªÁ»gÀÆ¥ÀUÀ¼À E¼ÀÄªÀj ªÀÄvÀÄÛ E¼ÀÄªÀjUÉ ¸ÀA§A¢ü¹zÀ UÀÄt®PÀëtUÀ¼À 
«±ÉèÃµÀuÉ 

ªÀÄÄ¨ÁgÀPï J. ¸Á° 

¸ÁgÁA±À 

 C®¸ÀAzÉAiÀÄ 147 ªÀA±ÀªÁ»gÀÆ¥ÀUÀ¼À£ÀÄß 2022gÀ ¨ÉÃ¹UÉAiÀÄ°è ªÀåvÀåAiÀÄvÉ ªÀÄvÀÄÛ 

ªÀA±ÀªÁ»gÀÆ¥ÀUÀ¼ÀÄ × ¥Àj¸ÀgÀUÀ¼À ¥ÀgÀ¸ÀàgÀQæAiÉÄAiÀÄ£ÀÄß UÀÄgÀÄw¸À®Ä α-¯Áån¸ï «£Áå¸ÀzÀ°è ¨ÉAUÀ¼ÀÆgÀÄ, 
¥ÁªÀUÀqÀ ªÀÄvÀÄÛ ªÀÄAqÀåzÀ PÀÈ¶ ¸ÀA±ÉÆÃzsÀ£Á PÉÃAzÀæUÀ¼À°è ªÀiË®åªÀiÁ¥À£À ªÀiÁqÀ¯Á¬ÄvÀÄ. J¯Áè ªÀÄÆgÀÄ 
¸ÀÜ¼ÀUÀ¼À°è ¸À¸ÀåzÀ JvÀÛgÀ, ¥ÁæxÀ«ÄPÀ PÉÆA¨ÉUÀ¼À ¸ÀASÉå, PÁ¬ÄUÀ¼À ¸ÀASÉå, ¸ÀgÁ¸Àj PÁ¬ÄAiÀÄ GzÀÝ, ¥Àæw 
PÁ¬ÄAiÀÄ ¸ÀgÁ¸Àj ©ÃdUÀ¼À ¸ÀASÉå, ¥Àæw ¸À¸ÀåzÀ ¸ÀgÁ¸Àj zsÁ£Àå E¼ÀÄªÀjUÉ ºÉaÑ£À C£ÀÄªÀA²PÀvÉ ºÁUÀÆ 
C£ÀÄªÀA²ÃAiÀÄ ªÀÄÄ£ÀßqÉAiÀÄ ±ÉÃPÀqÁªÁgÀÄ ¸ÀgÁ¸Àj (f.J.JªÀiï.) PÀAqÀÄ§A¢vÀÄ. PÉ-«ÄÃ£ïì 
¸ÀªÀÄÆºÀUÁjPÉAiÀÄ «zsÁ£ÀªÀ£ÀÄß §¼À¹ 147 ªÀA±ÀªÁ»gÀÆ¥ÀUÀ¼À£ÀÄß 12 ¸ÀªÀÄÆºÀUÀ¼ÁV 
«AUÀr¸À¯Á¬ÄvÀÄ. 8 £ÉÃ ¸ÀªÀÄÆºÀªÀÅ 22 ªÀA±ÀªÁ»gÀÆ¥ÀUÀ¼ÉÆA¢UÉ Cw zÉÆqÀØ ¸ÀªÀÄÆºÀªÁV, 7 £ÉÃ 
¸ÀªÀÄÆºÀªÀÅ 4 ªÀA±ÀªÁ»gÀÆ¥ÀUÀ¼ÉÆA¢UÉ Cw aPÀÌ ¸ÀªÀÄÆºÀªÁV PÀAqÀÄ§A¢gÀÄvÀÛzÉ. ¸ÀªÀÄÆºÀ 7 ªÀÄvÀÄÛ 
¸ÀªÀÄÆºÀ 6 gÀ £ÀqÀÄ«£À ¥ÀgÀ¸ÀàgÀ ¸ÀªÀÄÆºÀ CAvÀgÀªÀÅ ºÉZÁÑVgÀÄªÀÅzÀjAzÀ, F ¸ÀªÀÄÆºÀUÀ½UÉ ¸ÉÃgÀÄªÀ 
ªÀA±ÀªÁ»gÀÆ¥ÀUÀ¼À£ÀÄß vÀ½ C©üªÀÈ¢Þ AiÉÆÃd£ÉUÀ¼À°è ¥ÉÆÃµÀPÀ vÀ½UÀ¼ÁV G¥ÀAiÉÆÃV¸À§ºÀÄzÀÄ JAzÀÄ 
w½zÀÄ§A¢gÀÄvÀÛzÉ.  ªÀA±ÀªÁ»gÀÆ¥ÀUÀ¼ÀÄ × ¥Àj¸ÀgÀUÀ¼À ¥ÀgÀ¸ÀàgÀQæAiÉÄAiÀÄ£ÀÄß UÀÄgÀÄw¸À®Ä ºÁUÀÆ 
«±ÉèÃ¶¸À®Ä ¸ÀAAiÉÆÃZÀPÀ ªÀÄÄRå¥ÀjuÁªÀÄUÀ¼ÀÄ ªÀÄvÀÄÛ UÀÄuÁvÀäPÀ ¥ÀgÀ¸ÀàgÀQæAiÉÄ (J.JªÀiï.JªÀiï.L.) 
ªÀiÁzÀjAiÀÄ£ÀÄß §¼À¸À¯Á¬ÄvÀÄ. ªÀA±ÀªÁ»UÀ¼À f.E.L. ªÀiÁzÀjAiÀÄ£ÀÄß zÀÈ¶ÖUÉÆÃZÀgÀªÁV CxÉÊð¹PÉÆ¼Àî®Ä 
f.f.E ¨ÉÊ-¥ÁèmïUÀ¼À£ÀÄß §¼À¸À¯Á¬ÄvÀÄ. ¸ÀgÁ¸Àj-¹ÜgÀvÉAiÀÄ ªÀiÁzÀjUÀ¼À DzsÁgÀzÀ ªÉÄÃ¯É PÉ©¹-2, L¹-
237422 ªÀÄvÀÄÛ E¹-170574-6 JA§ ªÀA±ÀªÁ»UÀ¼ÀÄ CvÀåAvÀ ¹ÜgÀªÁVgÀÄªÀÅzÀÄ ªÀÄvÀÄÛ ºÉaÑ£À 
¥ÀæªÀiÁtzÀ ¸ÀgÁ¸Àj zsÁ£ÀåzÀ E¼ÀÄªÀjAiÀÄ£ÀÄß ºÉÆA¢gÀÄªÀÅzÀÄ PÀAqÀÄ§A¢gÀÄvÀÛzÉ. '«Zï ªÉÇÃ£ï ªÉgï' 
ªÀiÁzÀjAiÀÄ DzsÁgÀzÀ ªÉÄÃ¯É, ¥Àæw ¸À¸ÀåzÀ ¸ÀgÁ¸Àj zsÁ£ÀåzÀ E¼ÀÄªÀjUÁV, ¨ÉAUÀ¼ÀÆgÀÄ ªÀÄvÀÄÛ ¥ÁªÀUÀqÀzÀ°è 
L¹-402159 ªÀÄvÀÄÛ ¹©-1024 UÀ¼ÀÄ ºÁUÀÆ ªÀÄAqÀåzÀ°è L¹-458492, J£ï©¹-51 ªÀÄvÀÄÛ E¹-
472252 UÀ¼ÀÄ GvÀÛªÀÄ ªÀA±ÀªÁ»gÀÆ¥ÀUÀ¼ÁVªÉ JAzÀÄ PÀAqÀÄ§A¢gÀÄvÀÛzÉ. J.J¸ï.« AiÀÄ DzsÁgÀzÀ 
ªÉÄÃ¯É, E¹-458483, E¹-394708 ªÀÄvÀÄÛ J£ï©.¹-18 UÀ¼ÀÄ J¯Áè ªÀÄÆgÀÄ ¸ÀÜ¼ÀUÀ¼À°èAiÀÄÆ 
¹ÜgÀªÁVgÀÄªÀÅzÀÄ PÀAqÀÄ§A¢vÀÄ. J¸ïL DzsÁgÀzÀ ªÉÄÃ¯É, L¹-198355(45), E¹-472271 ªÀÄvÀÄÛ 
E¹-394708 JA§ ªÀA±ÀªÁ»gÀÆ¥ÀUÀ¼ÀÄ CvÀåAvÀ ¹ÜgÀvÉAiÉÆA¢UÉ ºÉaÑ£À ¥ÀæªÀiÁtzÀ ¸ÀgÁ¸Àj zsÁ£ÀåzÀ 
E¼ÀÄªÀjAiÀÄ£ÀÄß ºÉÆA¢gÀÄªÀÅzÀÄ PÀAqÀÄ§A¢gÀÄvÀÛzÉ.  
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INTRODUCTION 



I. INTRODUCTION 

Cowpea [Vigna unguiculata (L.) Walp.] is an important legume grown in India. 

Vavilov (1951) recognized India and Africa as the origin of cowpea. China is considered a 

secondary centre of origin. It contains a high amount of quality protein (23.4%), carbohydrate 

(60.3%), fat (1.8%), sufficient amount of calcium (76mg / 100 gm), iron (57 mg / 100 gm) 

and vitamins such as thiamine (0.92mg / 100 g), riboflavin (0.18mg / 100 g) and nicotinic 

acid (1.9 mg / 100 g) (Chatterjee and Bhattacharya, 1986). 

Cowpea is a diploid with chromosome number 2n= 22 and it belongs to the family 

Fabaceae. The name cowpea was given due to its use as fodder for cows (Timko et al., 2007). 

Annual cowpea has two botanical variants, the cultivated Vigna unguiculata var. unguiculata 

and the wild form Vigna unguiculata var. spontanea. Cultivated cowpeas have been divided 

into five cultivar groups based mainly on pod, seed and ovule characteristics (Pasquet, 1999). 

Cultivated cowpeas are grown as warm season annuals in tropical and subtropical 

zones in all countries in sub-Saharan Africa and in Asia, South America, Central America, the 

Caribbean, the United States and around the Mediterranean Sea. In subtropical zones 

temperatures are only suitable for cowpea in the summer whereas, temperatures are suitable 

year-round in tropical zones. About 6.5 million metric tons of cowpea was produced annually 

on about 14.5 million hectares worldwide. In Sub-Saharan Africa, West Africa is regarded as 

the major cowpea producing region with 80% of the total regional production reported from 

Nigeria and Niger at first and second positions, respectively for 14 years in a row (Horn et. 

al., 2022). India has an area of 0.19 million hectares and production of 0.12 million metric 

tonnes. In India, it is cultivated mainly in Karnataka, Maharashtra and Gujarat.  

Cowpea is widely adapted and capable of producing seeds even in low land and semi-

arid regions. However, grain yield of this legume varies widely when grown at different 

locations. It can be grown in a wide range of soil types and environmental conditions. As a 

pulse crop, it plays a key role in maintaining soil health and sustainability in the production 

from different cropping systems as it fixes atmospheric nitrogen. On an average, the grain 

legumes fix 250 to 312 kg nitrogen per hectare per year. In case of cowpea, it fixes about 70 

to 240 kg of nitrogen per hectare per year. This ensures the soil fertility as well as reduces the 

financial burden on poor farmers. It is also considered as a versatile pulse crop because of its 

smothering nature, drought tolerant characteristics and soil restoring properties. 
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The majority of present-day cultivars are characterized by lower productivity, non-

synchronous flowering and fruiting, non-response to high doses of inputs like fertilizers, 

irrigation, tillage etc., non-suitability for various cropping systems, lodging, shattering 

susceptible, long duration, complete or partial absence of genetic resistance to major pests and 

diseases like mosaics, rust, powdery mildew and bacterial blight, which cause considerable 

damage and very poor harvest indices. However, some cultivars with early maturity, 

acceptable grain quality, resistance to some important diseases and pests have significantly 

increased the yield and cultivated area (Ehlers and Hall, 1997). Collection and evaluation of 

genotypes of cowpea is a pre-requisite for breeding programme, which provides better scope 

for exploiting genetic diversity. Information on nature and degree of genetic diversity would 

assist plant breeders in choosing the best genotypes as parents for hybridization. Yield being a 

complex trait is influenced by many other important yield contributing characters controlled 

by polygenes and environmental factors. The necessity for estimating the genetic divergence 

among the genotypes is more evident because of following two reasons: i) High heterotic 

effect can be observed if the parents involved in hybridization are diverse. ii) A wide 

spectrum of variability could be expected in the segregating generation of crosses involving 

distantly related parents. The magnitude of genetic variance denotes how much of the 

variability of the characters is heritable and how genetic advance can be achieved. Hence, 

estimation of genetic variability parameters becomes the initial step in cowpea improvement 

programmes. It is also important to study the performance of genotypes in more than one 

environment to estimate the extent of environmental effect on the performance of genotype. 

Genotype × environment interaction certainly plays an important role in the evaluation and 

execution of breeding programmes. Allard and Bradshaw (1964) have critically reviewed this 

phenomenon and brought out its implications in applied plant breeding. Moreover, multi 

environment evaluation is important to identify genotypes, which are highly productive over a 

wide range of environments. Such genotypes will be very useful for utilizing their potentials 

for the development of high yielding and stable varieties.  

With this background the current research was framed with the following objectives, 

1. To study the genetic variability for yield and its associated traits 

2. To work out the G x E interaction for yield and yield attributes 

3. Identification of high yielding cowpea lines 



REVIEW OF LITERATURE 



II. REVIEW OF LITERATURE 

The success of crop improvement depends on the formulation of clear cut objectives 

and minimizing the errors in the experiment. Information on experiments carried out will aid 

in conducting research and bringing out the novelty in the present work. The thorough 

review of the research work already carried out in the proposed area of research is presented 

under the following heads. 

2.1. Genetic variability studies 

2.2. Heritability and genetic advance studies 

2.3. Clustering studies 

2.4. Studies on genotype and environment interactions and stability  

2.1. Genetic variability studies 

Imran et al. (2010) evaluated fourteen lines of cowpea and reported significant 

variability among the lines. High genetic variability was observed for green fodder yield, leaf 

area and tendril length, whereas low to medium variability was observed for the rest of the 

traits studied. Three lines were found to be suitable for obtaining higher green fodder yield, 

twelve lines were found to be suitable for getting maximum seed yield and two lines could be 

used for both fodder and seed yield and one line proved to be suitable exclusively for green 

fodder yield under rainfed conditions of Islamabad.  

Adeigbe et al. (2011) evaluated ten genotypes of cowpea in different environments to 

assess their variability and stability and reported that the genotypes differed significantly 

concerning all the eight phenotypic traits studied. In all three conditions, the number of 

branches per plant has consistently had the highest genotypic coefficient of variation (GCV) 

and phenotypic coefficient of variation (PCV). The mean proportion of the phenotypic 

variation due to its genotype was 92.9 per cent. 

Inuwa et al. (2012) studied genetic variability in cowpea germplasm and reported 

considerable variations among the lines for the duration of the vegetative and reproductive 

phase and yield characters such as number of pods per plant, pod yield per plant, number of 

seeds per pod and hundred seed weight.  
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Manggoel et al. (2012) evaluated ten cowpea accessions and observed significant 

variability for number of days to 50 per cent flowering, number of clusters per plant, number 

of flowers per plant, number of pods per plant, pod length, number of seeds per pod, hundred 

seed weight and seed yield per plant. The PCV and GCV were high for all the traits studied, 

except for pod length and the number of seeds per pod.  

Vavilapalli et al. (2013) studied the genetic variability in 22 bush type cowpea 

genotypes and the analysis of variance indicated the prevalence of sufficient genetic variation 

among the genotypes for all the characters studied. The high PCV and GCV were observed 

for plant height and pod length. Among the genotypes, VU 6 was the highest seed yielder, 

whereas the number of pods per plant was highest in VU 8.  

Kharde et al. (2014) studied the genetic variability in twenty genotypes of cowpea and 

reported significant differences among the genotypes evaluated for all the characters. The 

PCV and GCV were higher for plant height, pod length, pod yield per plant and the number of 

seeds per pod.  

Olayiwola and Soremi (2014) evaluated eleven cowpea genotypes and the traits viz., 

the number of pods per plant, pod yield per plant, seed yield per plant and dry fodder yield per 

plant showed high PCV and GCV.  

Sapara and Javia (2014) investigated 12 traits among 40 genotypes of cowpea and 

reported significant differences among the genotypes for all the characters studied except pod 

width, indicating ample variability in the experimental material for all the characters. The 

estimates of GCV and PCV were high for the number of pods per plant, hundred fresh seed 

weight, plant height, ten pod weights and green pod yield per plant and the values of PCV 

were higher than their GCV for all the characters indicating the influence of environmental 

factors.  

Shanko et al. (2014) studied 49 cowpea accessions and reported significant variation 

for all the characters studied. The difference between PCV and GCV values were high for 

plant height, number of secondary branches per plant, seed yield per plant and the number of 

pods per plant indicating the influence of the environment on these characters. The difference 

was low for the number of days to 50 per cent flowering, number of days to maturity, number 

of seeds per pod, number of primary branches, pod length and hundred seed weight, clearly 

indicating the negligible influence of the environment on expression of these characters. 
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Vir and Singh (2014) experimented on 33 cowpea accession in two seasons viz. 

Summer and Kharif of the year 2012. They reported a high degree of genetic variability 

during both seasons for seed yield per plant, hundred seed weight, pod length, number of 

seeds per pod, number of pods per plant, number of pods per cluster, number of branches per 

plant, number of clusters per plant, plant height, number of days to 50 per cent flowering and 

number of days to maturity.  

Animasaun et al. (2015) experimented on ten cultivars of cowpea and results showed 

considerable variations in growth and yield characters. Principal components analysis 

revealed that fruiting and seed characters accounted for 26.63 per cent of the observed 

variation, followed by the vegetative parameters (23.05%) and nutritional variations 

(13.82%). Proximate results indicated that the crude protein content of seeds varied from 

23.42 to 26.78 per cent.  

Khan et al. (2015) conducted a variability study with a set of 196 cowpea genotypes 

and reported significant differences among the genotypes, PCV values were of higher 

magnitude than GCV for all the characters studied, the estimates of PCV and GCV were high 

for the number of pods per plant, pod length, plant height, number of branches per plant, test 

weight and seed yield per plant.  

Udensi and Edu (2015) experimented on thirty accessions of cowpea and revealed that 

the number of seeds per pod, hundred seed weight, pod length, number of days to 50 per cent 

maturity, seed yield per plant and number of leaves per plant contributed significantly to the 

total genetic variability.  

Khanpara et al. (2016) studied sixty diverse genotypes of vegetable cowpea. Higher 

values of PCV and GCV were observed for green pod yield per plant followed by ten pod 

weight, the number of pods per plant, plant height, pod length and the number of seeds per 

pod.  

Dinesh et al. (2017) conducted a study on a set of 194 F3 generation genotypes of 

cowpea and reported moderate PCV and GCV estimates for plant height (15.75% and 

12.91%) and number pods per plant (16.29% and 11.42%), respectively.  

Lovely and Radhadevi (2017) studied fifty diverse genotypes of vegetable cowpea and 

reported high GCV for number of pods per cluster, seed yield per plant, number of pods per 

plant and number of clusters per plant.  
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Sharma et al. (2017) investigated the genetic parameters of ten traits among thirty 

genotypes of cowpea and reported the least difference between the estimates of GCV and 

PCV for most of the traits. Higher estimates of GCV and PCV were observed for plant height, 

the number of primary branches per plant, seed yield per plant and test weight.  

Surpura and Sharma (2017) studied variability parameters of 16 traits in 25 genotypes 

of cowpea and reported significant differences among all the genotypes for all the traits 

studied. The high GCV and PCV were recorded for traits viz., the number of pods per plant, 

seed yield per plant, biological yield per plant, hundred seed weight, seedling vigor index, 

plant height and germination stress index. 

 Devi and Jayamani (2018) evaluated 180 genotypes of cowpea for 13 biometrical 

traits. Analysis of variance revealed a significant difference among the genotypes for all the 

traits studied. The PCV was higher than the GCV for all the traits studied. The high estimates 

of GCV were found for the traits viz., number of pods per plant, number of clusters per plant, 

hundred seed weight and seed yield per plant.  

Sabale et al. (2018) conducted an experiment with 23 F2 generation genotypes of 

cowpea and revealed that the PCV was higher than the GCV for all the traits studied. GCV 

and PCV were high for seed yield per plant, number of pods per plant, number of clusters per 

plant and number of primary branches per plant, while lowest GCV and PCV were observed 

for the number of days to first flowering and number of days to maturity.  

Nkoana et al. (2019) experimented on cowpea accessions reported highly significant 

differences for the traits viz., number of days to 50 per cent maturity and 95 per cent maturity, 

hundred seed weight, leaf area index, number of branches per plant, number of internodes, 

plant height, number of pods per plant, pod length, dry biomass weight per plant and seed 

yield per plant.  

Verma et al. (2019) carried out an investigation to assess the genetic variability of 

growth and yield traits in the F2 generation genotypes of 24 hybrids of cowpea. A broad range 

of variability was reported for all traits except the number of branches per plant and the width 

of the pod. The high GCV was recorded for the number of pods per plant, the number of pods 

per cluster and hundred seed weight. 

 Mofokeng et al. (2020) conducted a study to determine the variability among hundred 

cowpea genotypes and reported that the GCV was relatively higher, while the PCV was 
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moderate for the total number of branches, the number of seeds per pod and pod yield per 

plant. 

Singh et al. (2020) conducted genetic variability studies using 38 accessions of 

cowpea in two environments i.e., Kharif 2013 and Kharif 2014. Analysis of variance revealed 

significant differences among the genotypes for all the traits studied. GCV was highest for the 

number of clusters per plant, followed by the number of pods per plant in both the 

environments. 

Owusu et al. (2021) conducted a study on genetic variability and heritability by using 

16 advanced breeding lines of cowpea. Among the variance components computed, the σ2
e , 

σ2
g and σ2

p ranged from 0.02-16.68, 0.13–60.92 and 0.15–77.60, respectively. The broad 

sense heritability (h2) had the minimum and maximum estimates of 55.03 % (number of seeds 

per pod) and 91.52 % (100- seed weight). 

Vinay et al. (2022) conducted studies on 32 cowpea germplasm and reported high 

estimates of GCV and PCV for clusters per plant, seed yield per plant, pods per plant, plant 

height and seeds per pod, while high estimates of heritability were recorded for all the 

characters under study. 

2.2. Heritability and genetic advance studies 

Idahosa et al. (2010) reported a high broad-sense heritability percentage for all the 

characters studied except for pod weight, which revealed low estimates of 25.5 per cent. The 

expected genetic advance was relatively high for pod length, the number of seeds per pod and 

hundred seed weight.  

Inuwa et al. (2012) experimented on cowpea germplasm and reported that the broad 

sense heritability estimate (h2) was 83 per cent for hundred seed weight, 53 per cent for the 

number of seeds per pod, 48 per cent for the number of days to first flowering and 46 per cent 

for the number of root nodules.  

Nwosu et al. (2013) studied genetic variability, heritability and genetic advance in five 

genotypes of cowpea. They reported high heritability along with high GAM for number of 

pods per plant, peduncle length, pod length, dry pod weight, hundred seed weight, number of 

seeds per pod and seed yield per plant indicating that these traits were controlled by additive 

gene action and could be dependable for seed yield improvement.  
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Thorat and Gadewar (2013) experimented on 30 genotypes of cowpea and reported 

high heritability coupled with high genetic advance for the characters viz., plant height, 

number of pods per plant and number of branches per plant.  

Vavilapalli et al. (2013) experimented on 22 diverse genotypes of bush cowpea and 

reported high heritability coupled with high genetic advance for all the characters studied, 

except for the number of days to first flowering and number of days to first harvest. 

Ajayi et al. (2014) conducted a study on ten genotypes of cowpea for 20 quantitative 

traits. Results revealed high broad-sense heritability values for all the traits studied and 

moderate values for plant height, indicating that these traits are less influenced by 

environmental effects.  

Chattopadhyay et al. (2014) studied sixty genotypes of vegetable cowpea and reported 

high to moderate GCV and PCV values and higher estimates of broad-sense heritability 

coupled with higher genetic advance for the traits viz., the number of pods per plant, pod yield 

per plant, pod length and the number of seeds per pod.  

Olayiwola and Soremi (2014) evaluated eleven cowpea genotypes and recorded high 

heritability values for the number of pods per plant, hundred seed weight and dry fodder yield 

per plant. The genetic advance was high for seed yield per plant, pod yield per plant and dry 

fodder yield per plant. All traits had high GAM except for the number of days to 50 per cent 

flowering and the number of seeds per pod.  

Sapara et al. (2014) investigated 12 traits among 40 genotypes of cowpea and reported 

high heritability along with high GAM for the number of pods per plant, hundred fresh seeds 

weight, ten pod weight, green pod yield per plant and plant height indicating scope for 

improvement by selection. 

 Shanko et al. (2014) experimented on 49 accessions of cowpea and reported high 

estimates of broad-sense heritability and high genetic advance for the characters viz., seed 

yield per plant, number of pods per plant and hundred seed weight.  

Vir and Singh (2014) evaluated 33 indigenous and exotic accessions of cowpea. The 

moderate to high heritability coupled with moderate to high expected genetic advance were 

observed for the traits viz., seed yield per plant, hundred seed weight, pod length, number of 

seeds per pod, number of pods per plant, number of pods per cluster, number of branches per 
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plant, number of clusters per plant, plant height, number of days to 50 per cent flowering and 

number of days to maturity.  

Khan et al. (2015) conducted a study on 196 cowpea genotypes and reported high 

heritability and high GAM for number of pods per plant, number of seeds per pod, pod length, 

plant height, number of branches per plant, test weight and seed yield per plant.  

Kumar et al. (2015) investigated 49 genotypes of cowpea and reported high 

heritability and high GAM for the traits viz., plant height, number of secondary branches per 

plant, number of clusters per plant, number of pods per plant and hundred seed weight. 

Meena et al. (2015) experimented on 72 genotypes of cowpea for ten quantitative 

characters. High estimates of heritability and high GAM were recorded for hundred seed 

weight and plant height, while high heritability and moderate GAM were recorded for pod 

wall proportion, seed yield per plant and pod length.  

Khanpara et al. (2016) experimented on sixty diverse genotypes of vegetable cowpea 

and reported high heritability along with high genetic advance for the characters viz., plant 

height, green pod yield per plant, pod length, pod width, number of seeds per pod, number of 

pods per plant, ten pod weight, number of pods per cluster and hundred fresh seed weight.  

Dinesh et al. (2017) conducted a study on a set of 194 F3 generation genotypes of 

cowpea and reported high heritability coupled with high genetic advance as per cent of the 

mean (GAM) for plant height (67.13% and 21.78%) and moderate heritability and GAM for 

number pods per plant (49.14% and 16.49 %), respectively.  

Lovely and Radhadevi (2017) studied fifty diverse genotypes of vegetable cowpea. 

They revealed that the characters viz., number of clusters per plant, number of pods per 

cluster, number of pods per plant, number of primary branches per plant, pod yield per plant, 

pod weight, pod length, number of seeds per pod and main stem length had high heritability 

coupled with high genetic advance. In contrast, high heritability and the low genetic advance 

was noted for the number of days to 50 per cent flowering and pod width.  

Phogat et al. (2017) conducted a study on thirty fodder cowpea genotypes and 

reported high heritability coupled with high GAM for dry fodder yield per plant, number of 

days to 50 per cent flowering, number of branches per plant, leaf to stem ratio and green 

fodder yield per plant. 
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Sharma et al. (2017) investigated sixty genotypes of cowpea to study genetic 

parameters of sixteen traits and reported high heritability with high genetic advance for 

hundred seed weight followed by plant height, biological yield per plant, seed protein content, 

number of primary branches per plant and number of pods per plant.  

Devi and Jayamani (2018) evaluated 180 genotypes of cowpea for thirteen 

quantitative traits and reported high heritability values for plant height, number of days to 50 

per cent flowering, number of racemes per plant, peduncle length, number of pods per plant, 

number of clusters per plant, pod length, hundred seed weight and seed yield per plant. 

Sabale et al. (2018) observed high heritability coupled with high genetic advance for 

the traits viz., seed yield per plant, number of pods per plant, plant height, number of primary 

branches per plant, hundred seed weight and harvest index in 23 genotypes of cowpea which 

represents the additive gene action and can be effectively used for selection. 

Verma et al. (2019) carried out an investigation to assess the heritability and expected 

genetic advance for growth and yield traits in the F2 generation of 24 hybrids of cowpea. 

Higher heritability estimates coupled with high GAM were observed for plant height, number 

of branches per plant, number of flowers per cluster, number of pods per cluster, per cent of 

pod set, number of days to final harvest, pod length, number of seeds per pod, hundred seed 

weight and pod yield per plant.  

Mofokeng et al. (2020) conducted a study to determine the heritability and genetic 

advance among a hundred cowpea genotypes, and the results revealed that the heritability and 

genetic advance values ranged from 37.27 to 97.2 per cent and 73.3 to 2242.6 per cent, 

respectively, for the traits studied.  

Singh et al. (2020) conducted a study on 38 accessions of cowpea and reported high 

broad-sense heritability along with high genetic advance for seed yield per plant, hundred 

seed weight, pod length, peduncle length, number of clusters per plant, number of pods per 

plant and plant height. 

Moderate to high narrow sense heritability and broad sense heritability coupled with 

high genetic advance were observed in GDVC-2 × LC-1 and GC-6 × LC-1 crosses of cowpea 

for seed yield per plant, harvest index, number of pods per plant and plant height was reported 

by Shinde et al. (2021). 
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Singh et al. (2022) reported that on the basis of the performance of 36 genotypes of 

cowpea, the trait like TSS (0Brix), pod yield (q/ha), pod yield per plot (kg), pod yield (gm) per 

plant, pod weight (g), 100 seed weight, number of seeds per plant, length of the pod (cm), no. 

of nodes per plant on the main stem, number of pods per plant and number of branches per 

plant were found with high heritability coupled with high genetic advance. 

2.3. Clustering studies  

Vishwanathan et al. (1998) grouped 72 cowpea genotypes into 5 clusters with the 

highest inter cluster distance between cluster III and IV (2818.82). Out of seven traits studied, 

100 seed weight contributed maximum (33.5%) to the divergence.  

Ushakumari et al. (2000) studied fifty genotypes of cowpea and grouped into thirteen 

clusters by Mahalanobis D2 statistics. The genotypes IT-86-F-310-6 and IT-87-0-272 had 

distinct identity with respect to yield attributes. Among the yield attributing characters, seeds 

per pod, number of branches, number of pods per cluster and pod length were the important 

traits responsible for the divergence recorded.  

Borah and Khan (2001) grouped 60 cowpea cultivars into 10 clusters and noticed that 

based on inter cluster distance and cluster means for 13 characters, cluster I, cluster II, IX and 

X were the most genetically diverse. Dry matter yield, green fodder yield and plant height 

recorded the highest contribution to the total divergence, suggesting that these traits are good 

criterion for the selection of parents in hybridization programme.  

Venkatesan et al. (2004) reported clusters per plant, pods per clusters, pods per plant 

and seed yield per plant contributed maximum towards the total divergence.  

Bhandari and Verma (2007) grouped 22 cowpea genotypes into seven clusters. 

Maximum intra cluster distance was observed in cluster III while maximum inter cluster 

distance was in between V and VII. Crude protein content, dry matter digestibility, dry matter 

yield and number of leaves per plant were found major contributor towards genetic 

divergence. 

  Sulnathi et al. (2007) assessed 56 genotypes of cowpea for thirteen yield contributing 

characters showed grouping of genotypes into nine clusters. Cluster I had the maximum 

number of genotypes. Characters viz., days to maturity, 100-seed weight and days to 
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flowering were the highest contributors to D2 values. The geographical diversity was not 

related to genetic diversity.  

Dalsaniya et al. (2009) grouped 60 genotypes of cowpea 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) would exhibit 

high heterosis and also results in transgressive segregants with higher yield. The characters 

like plant height, green pod yield per plant, protein content and leaf area were found to 

contribute much to the total genetic divergence in cowpea.  

Nagalakshmi et al. (2010) studied 66 genotypes of cowpea that formed 23 clusters. 

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 per plant contributed maximum to the total divergence 

followed by 100 seed weight and days to 50% flowering. Number of branches per 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. The cluster XVIII had the highest cluster mean values for number of clusters per plant 

and the cluster XIV had the highest mean value for grain yield per plant. These two clusters 

may be utilized in crossing programme which may yield in a wide spectrum of variability and 

for selection for seed yield in the subsequent generations. The clustering pattern of the 

varieties in the present study clearly indicated that there was no parallelism between genetic 

and geographic diversities.  

Huque et al. (2012) determined genetic divergence among 13 commercial yard long 

bean cowpea genotypes to select the parents for hybridization using Mahalanobis D2 statistics. 

Cluster analysis was used for grouping 13 yardlong bean genotypes. The genotypes fall into 

four clusters. Cluster III had the maximum (5) and cluster I had the minimum (1) number of 

genotypes. Cluster III (D2 = 1.439) had highest intra-cluster distance and the lowest in cluster 

I (D2 = 0.000). The inter-cluster divergence ranged from 4.160 to 15.515 between clusters II 

and III and clusters I and II, respectively. The characteristics i.e. number of pods per plant, 

number of pods per cluster, days to first flowering, and vegetable pod yield per plant 

contributed maximum towards divergence among yardlong bean genotypes.  
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Tigga and Tandekar (2013) revealed the genotypes were grouped into four non 

overlapping clusters showed genetic diversity rather geographical diversity. The maximum 

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

cluster II (2.014). 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, inter-crossing 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.  

Ahamed et al. (2014) carried out multivariate analysis to asses genetic diversity 

among 11 genotypes of cowpea. Considering the mean values, the germplasm was grouped 

into 4 clusters. Cluster III included maximum number of genotypes (4), whereas clusters II 

and IV included minimum number of genotypes (2). Highest inter-cluster distance was 

obtained in between cluster IV and II, while lowest cluster distance was obtained between 

cluster II and I. Maximum value of cluster distance indicated greater divergence among the 

cluster IV and II.  

Meena et al. (2015) evaluated 72 genotypes of cowpea for exploitation in a breeding 

programme aimed at improving yield potential of cowpea by using D2 statistics. The intra 

cluster D 2 value ranged from 0.00 to 43.96 while Inter cluster D2 value ranged from 30.9 to 

375.97 indicated that the selected genotypes were highly divergent. The maximum intra 

cluster distance was recorded for cluster IV (43.96) while cluster III and IX (0.00) showed no 

intra-cluster distance values revealed homogenous nature of the genotype within the cluster. 

The genetically more divergent genotypes present in cluster V and VIII as indicated by inter 

cluster distance value (375.97). Inter cluster D2 value and mean cluster values for characters 

indicated that hybridization of clusters VIII with clusters V genotypes would result in marked 

heterosis and produce better segregants with improved yield. Among the characters studied, 

seed yield per plant (38.81%) contributed highest towards genetic divergence followed by 100 

seed weight (29.07%). Selecting parents of these clusters probably provide promising 

recombinants and better segregants for future breeding strategy.  

Chandrakar et al. (2016) studied genetic diversity among 21 genotypes of vegetable 

cowpea. The genotypes showed low quantum of divergence and grouped into five clusters. 
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Maximum number of genotypes (9) was accommodated in cluster - II. The average inters and 

intra cluster divergence (D) values had also been calculated. The intra-cluster distance varied 

from 0.00 to 5.04. The maximum intra cluster distance was shown by cluster I (5.04) followed 

by cluster V, cluster II, cluster III and cluster IV. The maximum inter cluster distance was 

observed in between cluster I and V (5.04). The cluster III showed maximum value for mean 

green pod yield (146.820g.) followed by cluster IV (146.156g). Crossing between the 

genotypes of maximum two clusters appeared to be most promising to combine the desirable 

characters.  

Patel et al. (2017) evaluated 32 cowpea genotypes to estimate the genetic diversity 

existing among them by using Mahalanobis D2 statistics. The genotypes were grouped into 

eight clusters. The cluster strength varied from single genotype (Clusters IV, V, VI, VII and 

VIII) to 12 genotypes (Cluster II). The maximum inter-cluster distance (D2 = 35.43) was 

observed between cluster VI and VIII. Clusters II, III and I had maximum 100 seed weight, 

number of seeds per pod and seed yield, respectively. Cluster VIII had the highest mean value 

for the characters viz., number of pods per plant, number of green pods per plant and green 

pod yield per hectare (kg/ha), while the cluster III had a lowest mean value for days to 50 per 

cent flowering. On the basis of inter cluster distances, cluster VIII was found to be more 

divergent. Therefore, it was concluded that the genotypes belonging to these cluster should be 

inter-crossed in order to generate more variability. 

Singh et al. (2018) evaluated 38 accessions of cowpea during kharif 2013 (E1) and 

Kharif 2014 (E2). The genotypes were grouped into ten clusters in E1 and into five clusters in 

E2 environment. In E1 environment, the cluster strength varied from single genotype (Cluster 

III, IV, V VI, VIII, IX and X) to 16 genotypes (Cluster II), while in E2 environment, it varied 

from single genotype (Cluster III, IV and V) to 19 genotypes (cluster I). Clusters VII and X 

had highest inter cluster distance in E1 and cluster II and III had highest inter-cluster distance 

in E2 environment. The maximum mean value for seed yield per plant, number of pods per 

plant and number of clusters per plant was showed by genotypes of clusters VII in E1 

environment and by genotypes of cluster IV for the traits number of seeds per pod, pod length 

and plant height in E2 environment. On the basis of inter-cluster distances, cluster VII and X 

in E1 environment and cluster II and III in E2 environment were found to be most divergent. 

Cluster VII had the genotype with the highest 

Purohit et al. (2020) studied 42 genotypes including five checks, Pant Lobia 1, Pant 

Lobia 2, Pant Lobia 3, Pant Lobia 4 and Pant Lobia 5 of grain cowpea at Breeder Seed 
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Production Centre to estimate genetic divergence. Analysis of variance showed the presence 

of significant amount of variability in all the characters studied. Genetic divergence was 

performed by D2 statistics. Genotypes were divided into 8 clusters. Maximum inter-cluster 

distance was observed between cluster VI and VII while maximum intra-cluster distance was 

observed in cluster V. Mean values of different characters between different clusters was 

observed maximum for number of seeds per pod. Inter-cluster distance was higher than intra-

cluster distance. Three genotypes were identified as the most diversified and could be utilized 

in future crop improvement programmes. 

2.4. Studies on genotype and environment interactions and stability 

A specific genotype does not exhibit the same genotypic characters including yield in 

all environment. The failure of genotype to give the same phenotypic performance when 

tested under different environment is the reflection of genotype environmental interaction. G 

× E interaction are of major importance to the plant breeder to develop stable variety 

(Eberhart and Rsussel, 1966). 

Yield in cowpea is the result of many interacting yield components such as number of 

clusters per plant, pods per plant, and mean seed weight. Yield and its components are 

affected by various factors including phenological development, planting date, genotypic 

differences and the environment (Gardener et al., 1985). 

Hanumanthraya (2003) evaluated twenty elite lines of cowpea over three locations and 

concluded that the genotype C-232 was the only genotype found suitable with higher mean 

value for grain yield. The genotype C-120 showed higher mean value for yield and stability 

along with adaptability to favourable environments (bi>1) whereas C-203 possessed stability 

with lower mean yield and significantly lower bi value indicating its adaptability to less 

favourable environments.  

Similar results were obtained by Ali et al. (2004) based on evaluation of five cowpea 

genotypes at five different locations. The results showed that varieties, environment and 

varieties × environment showed significant differences. Significant and highest seed yield 

(880 kg ha-1) was observed in NIAB cowpea mutant-1 followed by Elite (729 kg ha-1). The 

highest yielding genotypes i.e., NIAB cowpea mutant-1 and Elite showed non-significant 

differences of regression coefficient from unity. These genotypes also exhibited non-

significant difference of standard deviation to regression from zero. Based on three 
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parameters i.e., high mean seed yield, regression coefficient and standard deviation to 

regression, these genotypes showed excellent and trustworthy stable performance over 

different environment. 

Akande (2007) studied the grain yield and number of days to 50 per cent flowering of 

nine cowpea varieties over four locations within the forest and southern guinea savanna agro-

ecologies of Nigeria. Five cowpea varieties were identified to be stable for grain production 

across locations. 

Aremu et al. (2007) assessed the G × E interaction of ten genotypes of cowpea which 

were grown in four environments comprising the early and late seasons of Ogbomoso and 

Abeokuta locations. The results showed that regression coefficient for each genotype differed 

significantly from each other suggesting that the genotypes responded differently to the 

seasons and the locations. The regression coefficient revealed that IT 97K-499-39, TVX-

3236, AGRIBVI, Owode and Ife-brown were environment insensitive and could be cultivated 

in the early and late seasons. 

The grain yield components of eleven cowpea genotypes were studied in 2006 and 

2007 by Adewale et al. (2010) to understand the sensitivity of the quantitative traits to 

heterogeneous environments. Results revealed that days to 50 per cent flowering, 100 seed 

weight and pod yield were significantly (p ≤ 0.05) influenced by the effect of genotype, year 

and their interactions. IT 97K-499-35, IT 97-568-18 and IT 95K-2011-11 were identified as 

the genotypes with high productivity and good genetic stability for pod yield, number of seeds 

per pod and 100 seed weight, respectively. 

Nelia (2013) reported that there were no significant interactions among the genotypes 

and the environments (G × E), indicating that genotypes did not respond differently to varying 

environmental conditions. However, there was variability in the main effects which are 

genotypes (G) and environments (E). 

El-Shaieny et al. (2015) concluded that the interaction between genotypes and 

environments (G × E) were non-significant for pod length, hundred seed weight and weight of 

pods per plant, indicates stability of the studied genotypes for these characters across the 

environments. 

Gabriel et al. (2015) evaluated twenty nine cowpea genotypes, including four 

Ugandan genotypes for grain yield and adaptability under diverse environments. The analysis 
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showed that cowpea grain yield was significantly (p<0.01) affected by genotypes (G), 

environments (E), and interaction (G × E). Genotype C-2T has the highest grain yield but it 

was adapted to specific environment. Genotypes C-1J, C-1V, C-2A, C-2O, and C-2R were 

adapted to three environments with high yield which was stable. 

Similar results were obtained by Olayiwola et al. (2015) based on evaluation of seven 

improved cowpea genotypes in four environments during the late seasons of 2009, 2010, 2011 

and 2012. Results revealed that there was highly significant genotype × environment 

interaction on seed yield (p<0.001) indicating the need for G × E interaction analysis. 

Genotypes IT 04K-227-4, IT 04K-333-2, IT 98K-573-1-1 and IT 98K-573-2-1 were identified 

to have performed above average while IT99K-1060, LDP10-OBR1 and IFE-98-12 yielded 

below average. LDP10-OBR1 was the most stable genotype but was low yielding. 

Olawale and Bukola (2016) reported that twenty-one cowpea breeding lines were 

evaluated for phenotypic stability for seed yield components for two years (2013 and 2014). 

Results confirmed that all the yield components exhibited significant genotypic variation, 

while flowering, pod maturity and seed yield traits recorded significant variation for years and 

its interactions. The genotypes exhibited relative phenotypic stability for the yield 

components across years except for seed yield. Six cowpea lines (IT 10K-837-1, IT 07K-299-

6, IT 10K-815-5, IT 10K-817-7, IT 08K-150-24 and IT 11K-61-82) with multiple quality 

yield traits were identified as stable genotypes over two years. 

Torres et al. (2016) conducted six trials of different cowpea genotypes in 2005 and 

2006 with the aim of selecting erect cowpea genotypes simultaneously for high adaptability, 

stability and grain yield. Results confirmed that MNC99542F-5 and MNC99-537F-4 

genotypes could be grown in various environments, as they exhibited high grain yield, 

adaptability and stability. 

Agbahoungba et al. (2017) assessed 72 cowpea genotypes for yield in three locations 

and two seasons and assesses the extent of genotype × environment interaction and selected 

the stable cowpea genotypes. The yield data were subjected to analysis of variance and 

additive main effects and multiplicative interactions (AMMI) analysis. The results showed a 

highly significant (P<0.001) genotype by location and by year (season) interaction effects for 

grain yield, with 69.16% of the total variation attributable to environmental effects, 5.36% to 

genotypic effects and 12.74% to G × E interactions effects. 
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Tariku et al. (2018) conducted a study to evaluate the stability of cowpea genotypes 

and to estimate the magnitude of genotypes by environment interaction (GEI) effect on grain 

yield using 16 genotypes in 7 environments. Considering all stability parameters, viz; 

deviation from regression (S2 di), coefficient of regression (bi) from ER’s model, IPCA1, 

IPCA2 and AMMI stability value (ASV) from AMMI model, GGE biplot and variety TVU 

was identified as the most stable with mean yield above the mean grain yield of genotypes. 

The study conducted in 3 locations over 2 years by Kuruma et al. (2019) showed that, 

genotypes G5, G7 and G3 high stability while G10 and G1 depicted least stability with poor 

performance. 

Gerrano et al. (2020) evaluated fifteen cowpea accessions at three locations during 

2016 and 2017 growing seasons. The analysis of variance showed significant effects for 

genotype, location and season on grain yield. The genotype × location interaction effects were 

not significant for grain yield. The three-way interaction involving genotype, location and 

season was significant for grain yield. 

Kindie et al. (2021) conducted the study at six environments, twenty-four cowpea 

landraces and one check were evaluated in a 5 × 5 triple lattice during the 2019 cropping 

season. The analysis of variance for each environment and across environments showed 

significant differences among genotypes, environments, and genotype environment 

interaction for most traits including yield. Environment, genotype, and genotype environment 

interaction showed 27.45%, 20.9%, and 49.55% contribution to the total sum of squares, 

respectively, for grain yield. This indicated that the environments were diverse and most of 

the variation in grain yield was caused due to interaction and environmental means. 
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III. MATERIAL AND METHODS 

Detailed information about the materials used in the current investigation, the site of the 

experiment, methods followed for recording observation of various characters, statistical tools 

used for the analysis of data is discussed in this chapter. 

3.1 Experimental site 

All the experiments of the research work were carried out in the experimental blocks 

situated at Zonal Agricultural Research Station (ZARS), GKVK, Bengaluru (E1), Agriculture 

Research Station, Pavagada (E2) and ZARS, V.C. Farm Mandya (E3) which belongs to zone 

5 (eastern dry zone), zone 4 (central dry zone) and zone 6 (southern dry zone) of Karnataka. 

ZARS, GKVK is located at an altitude of 930 meters above mean sea level (MSL), 12º 58΄ 

North latitude and 77º 35΄ East longitude; ARS, Pavagada is located at 14° 5΄ N latitude, 77º 

05΄ E longitude and Altitude of 768 meters from MSL and ZARS, V.C. Farm Mandya is 

situated at 19° N latitude and 76° E, longitude and at an altitude of 695 meters above MSL. 

3.2 Experimental material 

The experimental material consisted of 147 Cowpea [Vigna unguiculata (L.) Walp.] 

germplasm including two checks [KBC-9 and C-152]. The cowpea germplasm was collected 

from All-India Network Research Project on Arid Legumes (AINP on Arid Legumes) at the 

Zonal Agricultural Research Station, GKVK, Bengaluru. The details of the genotypes used in 

the present investigation are presented in Table 1. 

Table 1: List of the147 germplasm accessions. 

Sl. No. Accession name Sl. No. Accession name Sl. No. Accession name 

1 VCP-17-019 16 IC-1070 31 IC-206240 

2 IC-253251 17 IC-402164 32 IC-202792(72) 

3 GC-3 18 IC-198355(45) 33 IC-402135 

4 EC-458511 19 IC-402106 34 IC-402104 

5 NBC-8 20 IC-1071 35 IC-249588 

6 IC-202867(99) 21 IC-25105 36 IC-202781 

7 IC-603187 22 IC-402172 37 IC-202777 

8 IC-462099 23 IC-458430 38 IC-402162 

9 IC-402048 24 IC-58905 39 IC-402175 

10 IC-249141 25 IC-330996 40 IC-202711(58) 

11 IC-422174 26 IC-202325 41 IC-10171 

12 IC-249593 27 IC-237422 42 IC-202290 

13 IC-4506 28 IC-45061 43 IC- 2574422(7) 

14 IC-198326-38 29 IC-219489 44 IC-402161 

15 IC-402125 30 IC-402159 45 IC-402101 
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Sl. No. Accession name Sl. No. Accession name Sl. No. Accession name 

46 IC-402098 80 EC-458473 114 KBC-2 

47 IC-402114 81 EC-075180 115 CPD-331 

48 IC-107120 82 V-16 116 PMCP-1016 

49 IC-202521(93) 83 EC-472250 117 PCD-1124-1 

50 IC-27749(20) 84 EC-458490 118 KM-5 

51 IC-201095(32) 85 EC-458483 119 NBC-40 

52 IC-202854(97) 86 EC-458411 120 NBC-43 

53 IC-202329-89 87 EC-390287 121 GWHOPE 

54 EC-394838 88 EC-458425 122 GC-1801 

55 EC-458469 89 EC-170604 123 NBC-41 

56 EC-458505 90 EC-472267 124 GC-1805 

57 EC-458470 91 EC-394839 125 NBC-4716 

58 EC-458440 92 NBC-51 126 C-457 

59 EC-170574-6 93 NBC-391 127 CPD-15 

60 EC-458485 94 NBC-30 128 GC-1602 

61 EC-271040 95 NBC-23 129 CB-10 

62 EC-472252 96 NBC-32 130 C-33 

63 EC-458442 97 NBC-98 131 IT-9715499-38 

64 V-604-7-29-3 98 NBC-68 132 NBC-25 

65 EC-472257 99 NBC-36 133 C-157 

66 EC-458489 100 NBC-6 134 C-24-1 

67 EC-170584-1.1 101 NBC-38 135 CP-98 

68 EC-472271 102 NBC-33 136 CPD-340 

69 EC-402159 103 TPTC-29 137 SKUA-WCP-49 

70 EC-492292 104 NBC-18 138 NBC-44 

71 V-578 105 NBC-27 139 NBC-24 

72 V-585 106 NBC-29 140 EC-394779 

73 V-589 107 NBC-19 141 IC-2591054 

74 VCP-18-032 108 TOME-774 142 IC-402090 

75 CB-1024 109 PCP-0306-1 143 NBC-7 

76 IC-458492 110 PMCP-1131 144 EC-458438 

77 V-240 111 NBC-14 145 EC-458418 

78 IC-402166 112 NBC-016 146 EC-458480 

79 EC-394708 113 SUPER-30 147 IC-202804(83) 

3.3 Experimental plot layout 

A total of 147 germplasm accessions were evaluated along with two checks, which 

were repeated to fit in α-lattice design with two replications with 13 blocks and 12 entries in 

each block. Spacing of 0.15m between plants and 0.45m between the rows was followed. 

Evaluation was carried out during summer 2022 at ZARS, Bengaluru; ARS, Pavagada and 

ZRAS, V.C. Farm Mandya 
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3.4 Observations recorded 

Observations on different yield and yield contributing traits were recorded on five 

randomly selected plants. Five plants in each line of the checks excluding the border plants in 

each row were considered. The procedure carried out for recording observations on these 

plants is described below. 

1. Days to 50 per cent flowering: The number of days taken for the flowering of 50 per 

cent plants in a genotype from the day of sowing was recorded.  

2. Plant height (cm): The height of the plant from the ground level of the main axis to 

the apical leaflet was measured before harvesting and expressed in centimetres.  

3. Primary Branches: Total number of branches arising from the main stem was 

recorded as primary branches. 

4. Clusters plant-1: The number of clusters in each plant was counted and expressed as 

the total number of clusters per cluster. 

5. Pods cluster-1: Total number of pods produced in each cluster were counted and the 

average was considered as pods per plant. 

6. Pods plant-1: Total number of pods in each plant was counted and recorded as pods 

per plant. 

7. Average pod length (cm): Mean of five randomly selected mature pods were 

measured in centimetres and noted as average pod length. 

8. Average seeds pod-1: Seeds present in five randomly selected pods in each plant were 

counted and the average was noted as average seeds per pod. 

9. 100 seeds weight (g): Randomly selected 100 seeds were weighed in grams and 

recorded. 

10. Average grain yield plant-1 (g): Seeds from five randomly selected plants were 

weighed in grams, averaged and recorded as average grain yield per plant. 
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3.4 Statistical analysis: 

The mean values of observations recorded on five plants were computed and mean 

values for each germplasm were used in statistical analysis through the computer using 

Microsoft excel and R software version 4.0.5 program at the Department of Genetics and 

Plant Breeding, UAS, GKVK, Bengaluru. Statistical methods used for different analysis are 

explained below 

3.4.1. Estimates of descriptive statistics and genetic variability parameters: 

• Mean = ∑
Xi

n
 

     Where, xi = ith
 observation of a population; n = number of observations 

• Range: Range was calculated as difference between minimum and maximum value 

recorded for each character on individual plant. 

• Standard Error (SE) = 
SD

√n
 

Where, SD = standard deviation; n = number of observations.  

• Genotypic coefficient of variation (GCV):   σg / x̄× 100  

• Phenotypic co-efficient of variation (PCV):  σp / x̄ × 100  

    Where, 

    σp = phenotypic standard deviation 

    σg = genotypic standard deviation 

    x̄ = mean 

PCV and GCV were classified as follows (Robinson et al,.1949) 

0-10 Low 

10.1-20 Medium 

>20 High 
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• Heritability in broad sense (h2 
(bs)) (Lush, 1945). 

h(bs)
2 =

σg
2

σp2
 

Where,  

h2 
(bs) = heritability (Broad sense) expressed in per cent 

σg
2    = genotypic variance  

σp
2    = phenotypic variance 

As given by Robinson et al. (1949), heritability was categorized as 

         

 

 

• Genetic Advance (Allard, 1960) 

GA = H × √σ𝑝2  × K  

H = Heritability coefficient  

σp = Phenotypic standard deviation  

K = Selection differential in the standard units which is 2.06 at 5 per cent 

selection intensity 

• Genetic Advance as per cent mean (GAM) (Johnson et al., 1955) 

GAM =
GA

X
× 100 

 GA = genetic advance  

  X = mean of trait 

GAM will be categorized as follows: 

0-10 Low 

10.1-20 Medium 

>20 High 

0-30 Low 

30.1-60 Medium 

>60 High 
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3.4.2. α – lattice design analysis 

Patterson and Williams (1976) described a new way to construct cyclic, resolvable 

incomplete block designs, (α-designs) available for many (r,k,s) combinations. This design 

allows the adjustment of treatment means for block effects. This helps in varietal comparison 

under mere homogeneous conditions. It also provides effective control within replicate 

variability. 

Table 2. Structure of alpha lattice ANOVA: 

Source of 

variation 

Degrees of 

freedom 

(df) 

Sum of 

squares (SS) 

Mean sum of 

squares (MSS) 
F-ratio 

Replication (r-1) RSS RMSS RMSS/EMSS 

Blocks (rs-r) BSS BMSS BMSS/EMSS 

Treatments (t-1) Tr.SS Tr. MSS Tr. MSS/EMSS 

Error rt-rs-t+1 ESS EMSS - 

Total (tr-1) TSS - - 

 t - number of treatments, r - number of replications, s - number of blocks 

3.4.3. Clustering of genotypes using k-means clustering 

The inbred lines were classified following model-based ‘k means’ clustering approach 

(Macqueen, 1967) to unravel organization of variability using “Factoextra” package in R 

software programme Ver 4.1.1. The trait means were estimated in each cluster using the 

formula,  

J= ∑∑ωik ‖X2- μ
k
‖

2
 

k

k=1

m

i=k

 

Where,  

‖X2- μ
k
‖

2
– indicator of distance between n data point from their respective cluster 

centre. 

xi      - number of data points 

                μk    - number of cluster center 
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3.4.4. Stability analysis using Additive main effects and multiplicative interaction 

(AMMI) model 

The quantitative traits mean of each genotype were also subjected to ANOVA 

following additive main effects and multiplicative interaction (AMMI) model (Gauch and 

Zobel, 1988) to detect and characterize the patterns of genotype and environment interaction. 

The additive main effects of genotypes and environment were fitted by univariate ANOVA 

followed by fitting genotype and environment interaction by principal component (PC) 

analysis by the following AMMI II model (Table 5).   

            yij = µ + gi+ ej + ∑ λ𝒌𝒏
𝒌=𝟏 αikϒik + εij 

Where, Yij is the quantitative trait value of ith genotype in the jth environment, µ is the 

experimental quantitative trait mean value, gi and ej are the ith genotype and jth environment 

mean deviation from experimental quantitative trait mean values respectively. λk is the square 

root of eigen value of the kth IPC axis, αik and ϒik are the interaction principal component 

(IPC) scores for kth IPC of the ith genotype and jth environment, respectively and εij is the 

residual. The parameters of AMMI ІІ model were estimated using the least square principle 

implemented by R software. 

Table 3. Structure of AMMI ANOVA 

Sources of 

variation 

Degrees of 

Freedom 

Mean sum of 

squares 
‘F’ Ratio % Variation 

Genotype (G) G-1 GMSS GMSS/eMSS (GSS/TSS) *100 

Environment (E) E -1 EMSS EMSS/eMSS (ESS/TSS) *100 

G × E (G-1) (E -1) GEMSS GEMSS/eMSS (GESS/TSS) *100 

IPC 1  G + E – 1-2n IPCA1MSS IPCA1MSS/eMSS 
(IPCA1SS/GESS) 

*100 

IPC 2 G+ E – 1-2n IPCA2MSS IPCA2MSS/eMSS 
(IPCA2SS/GESS) 

*100 

Residual 

(G-1) (E-1)- {df 

PCA1 + df 

PCA2 +… + 

PCAn} 

RMSS RMSS/eMSS (RSS/TSS) *100 

Error - eMSS eMSS eSS 
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Visual and objective criteria were used to interpret GEI patterns of a genotype and their 

specific/wide adaptation. The visual criterion was based on Genotype + Genotype × 

Environment (GGE) bi-plot (Yan et al., 2000). The objective criterion was based on the 

estimates of AMMI stability value (ASV) (Purchase, 2000) and Stability Index (SI). These two 

criteria are described in the following sections. 

• GGE bi-plot analysis 

GGE bi-plot methodology, which is a combination of AMMI bi-plot and GGE 

concepts (Yan et al., 2000) was used for visual interpretation of patterns of GEI. The GGE bi-

plot is based on the following model. 

                                           𝑌𝑖𝑗 − 𝑌𝑖 = 𝜆1𝛼𝑖1𝛾𝑖1 + 𝜆2𝛼𝑖2𝛾𝑗2 + 𝜀𝑖𝑗 

Where, Yij= quantitative trait means of ith genotype in the jth environment; 

Yj=quantitative traits mean of all the genotypes in the jth environment; λ1 and λ2 are the 

square root of eigen values of first and second genotype-by-environment interaction principal 

components (IPC) axes, respectively; αi1 and αi2 are the scores of the first and second IPC, 

respectively for the ith genotype, γi1 and γi2 are the first and second IPCs respectively for its 

environment. 

There are numerous ways to use a GGE bi-plot. However, four views of the GGE bi-

plot are most relevant (Segherloo et al., 2010). These are (1) Polygon view of GGE bi- plot 

based on symmetrical scaling for determining ‘which-won-where’ pattern of genotypes with 

test environments, (2) Discriminative and representativeness of test environments view of 

GGE bi-plot, (3) Average-environment coordination (AEC) view of GGE bi-plot based on 

genotype-focused scaling for ranking of the test genotypes relative to ideal genotype; the ideal 

genotype is the one whose point is located in the center of concentric circles in the GGE bi-

plot and (4) AEC view of bi-plot based on environment-focused scaling for interpreting the 

mean performance of the genotypes vs. their adaptability patterns. 

• AMMI stability value (ASV)  

To facilitate an objective method of identifying genotypes with stable performance 

across different locations, the ASV was estimated (Purchase et al., 2000). 
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                               ASV =  √
SSIPCA1

SSIPCA2
(IPCA1)2+(IPCA2)2 

Where, the sum of squares (SS) attributable to the first two IPCs are SSIPCA 1 and SSIPCA 

2. ASV is conceptually defined as the distance from zero on a two-dimensional scatter 

diagram of IPCA 1 vs. IPCA 2 scores (Purchase., 2000). Because the IPCA 1 score 

contributes more proportionately to GEI, it is weighted by the proportional difference 

between the IPCA 1 and IPCA 2 scores to account for the relative contribution of the IPCA 1 

and IPCA 2 scores to the total GEI sum of squares. A lower magnitude of ASV estimates 

indicates wider adaptation, whereas a higher magnitude of ASV indicates specific adaptation 

(Purchase., 2000). 

• Stability Index (SI) 

To facilitate simultaneous selection of genotypes for different quantitative traits and 

stability, the stability index (SI), which incorporates both quantitative traits mean and stability 

in a single criterion, was estimated as SI= RASV + RY where RASV is the rank of the 

genotypes based on ASV and RY is the rank of the genotype-based on quantitative trait mean 

(Farshadfar, 2011) across three different locations. The genotypes with low SI were regarded 

as those with high trait expression and high stability. 



 

 

 

 

 

 

 

 

 

 

Plate 1: Field view of cowpea at Bengaluru 

 

 

 

 

 

 

 

 

 

Plate 2: Field view of cowpea at Mandya 

 

 

 

 

 

 

 

 

 

 

Plate 3: Field view of cowpea at Pavagada 



 

 

 

 

 

 

 

 

 

Plate 4: IC- 198355(45); Best identified accession 

 

 

 

 

 

 

 

 

 

 

Plate 5: EC- 472271; Best identified accession 

 

 

 

 

 

 

 

  

 

Plate 6: EC- 394708; Best identified accessions 



RESULTS AND DISCUSSION 



 IV. RESULTS AND DISCUSSION 

The present investigation entitled “Characterization of germplasm for yield and its 

associated traits in cowpea (Vigna unguiculata (L.) Walp)” was conducted to study the 

variability, divergence and stability of cowpea germplasm over the three different locations. 

The results obtained are presented below under following headings.  

4.1 Analysis of variance 

4.2 Descriptive statistics 

4.3 Estimation of genetic variability parameters for yield and its components 

4.4 k-means clustering analysis 

4.5 Stability analysis 

4.1 Analysis of variance 

The analysis of variance indicated significance of genotypes for all the traits (Table 4). 

Pooled analysis of variance also showed significant differences among genotypes for 

all traits under study. Mean squares due to genotype × location significance was found for all 

traits indicating environmental role in expression of these traits (Table 5).  

4.2 Descriptive statistics 

 Mean, standard error and range of ten traits is given in table 6 

4.2.1 Days to 50 % flowering 

 For days to 50 % flowering, mean values of 53.30, 53.28 and 47.12 days were 

observed at Bengaluru, Pavagada and Mandya locations, respectively. Bengaluru location 

recorded a range of 40 to 58 days for this trait. It was 41 to 66 days for Pavagada and 40 to 60 

days for Mandya location. 

4.2.2 Plant Height (cm) 

 At Bengaluru, Pavagada and Mandya locations, mean plant height of 59.87, 38.32 and 

47.44 cm were observed. maximum height recorded was 88.65, 87.85 and 85.12 cm and 

minimum height recorded was 20.00, 22.14 and 25.78 cm at Bengaluru, Pavagada and 

Mandya locations, respectively. 



 

Table 4. ANOVA for yield and yield related traits in cowpea 

Source 

of 

variation 

Degrees 

of 

freedom 

Mean sum of squares 

Days to 50% flowering Plant Height (cm) Primary branches plant-1 Clusters plant-1 

Bengaluru Pavagada Mandya Bengaluru Pavagada Mandya Bengaluru Pavagada Mandya Bengaluru Pavagada Mandya 

Genotypes 155 39.49*** 38.45*** 21.16*** 652.98*** 208.06*** 277.32*** 1.03*** 0.36*** 0.71*** 42.72*** 25.97** 80.07*** 

Replication 1 2.69 22.61* 10.41* 25.67** 12.44 0.65 1.02** 0.12 0.25 59.89*** 0.05 0.42 

Block 12 1.48 1.72 2.15* 1.23 13.10 3.66 0.10 0.06 0.11 2.9 25.89 1.86 

Error 143 1.23 1.45 1.16 3.40 19.73 6.10 0.10 0.10 0.13 1.9 16.27 1.79 

Source of 

variation 

Degrees 

of 

freedom 

Mean sum of squares 

Pods cluster-1 Pods plant-1 Average pod length (cm) Average seeds pod-1 

Bengaluru Pavagada Mandya Bengaluru Pavagada Mandya Bengaluru Pavagada Mandya Bengaluru Pavagada Mandya 

Genotypes 155 0.50*** 0.59*** 0.26*** 191.54*** 220.63*** 310.58*** 17.99*** 12.47*** 15.37*** 12.83*** 19.50*** 9.89*** 

Replication 1 0.01 0.28 0.08 28.44** 125.33 0.08 2.00 18.10 2.69 1.22 2.23 7.76** 

Block 12 0.08 0.09 0.04 6.10* 55.20 2.49 3.31 5.30 0.84 2.29 3.89 1.26 

Error 143 0.07 0.12 0.05 2.84 65.01 1.79 1.91 5.29 0.81 1.34 3.61 0.98 

Source of 

variation 

Degrees 

of 

freedom 

Mean sum of squares 

Average grain yield plant-1 (g) 100 seed weight (g) 

Bengaluru Pavagada Mandya Bengaluru Pavagada Mandya 

Genotypes 155 139.01*** 161.76*** 780.34*** 9.52*** 4.64* 7.71*** 

Replication 1 0.64 300.53* 0.91 2.23* 1.87 3.12** 

Block 12 1.00 23.92 0.80 0.83* 2.98 0.14 

Error 143 1.81 50.34 3.15 4.33 3.38 0.43 

* significance at 5%; ** significance at 1%; *** significance at 0.1% 
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Table 5. Pooled ANOVA for yield and yield related traits in cowpea 

Source of 

variation 

Degrees 

of 

freedom 

Mean sum of squares 

Days to 

50% 

flowering 

Plant 

height 

(cm) 

Primary 

branches 

plant-1 

Clusters 

plant-1 

Pods 

cluster-1 

Pods 

plant-1 

Average 

pod 

length 

(cm) 

Average 

seed 

plant-1 

Average 

grain 

yield 

plant-1 (g) 

100 

seed 

weight 

(g) 

Genotypes 155 47.20*** 364.25*** 1.69*** 42.05*** 4.59*** 1.98*** 16.45*** 17.53*** 230.71*** 9.45*** 

Environment 2 1645.2** 16324.2** 26.18** 90.24*** 10.59* 22.18** 20.58*** 122.45*** 3698.2*** 6.48** 

Genotype × 

Environment 
310 32.52*** 396.08*** 0.60*** 47.78*** 0.44*** 22.30*** 15.21*** 14.03*** 348.7*** 5.06*** 

Replication 1 33.61** 245.48* 2.34* 26.46* 4.1 2.45** 50.15 27.21** 256.58 56.85 

Block 12 6.48* 20.9 0.58 14.15 1.97 0.99 3.68* 2.47* 75.15 13.55 

Pooled error 454 1.69 32.05 0.9 15.17 2.94 0.84 5.17 4.14 120.42 5.69 

* significance at 5%; ** significance at 1%; *** significance at 0.1% 
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4.2.3 Primary branches per plant 

The mean values of primary branches per plant were 1.81, 1.94 and 1.54 at Bengaluru, 

Pavagada and Mandya locations. Minimum of one primary branch was found at three 

locations and maximum of 5.00, 2.60, 3.45 were found at Bengaluru, Pavagada and Mandya 

location, respectively. 

4.2.4 Clusters per plant 

 Bengaluru had a mean of 13.13, Pavagada had a mean of 14.13 and Mandya had mean 

of 14.44 clusters per plant. Range was 4.2 to 53.24 cluster in Bengaluru, 5 to 32.6 clusters in 

Pavagada and 4.00 to 42.15 in Mandya. 

4.2.5 Pods per cluster 

Mean values of pods per cluster were 2.13, 1.77 and 1.98 at Bengaluru, Pavagada and 

Mandya location with a range of 1 to 4 pods per cluster at three locations. 

4.2.6 Pods per plant 

 Mean pods per plant recorded was 19.17 at Bengaluru 25.12 at Pavagada and 23.89 at 

Mandya. Pods per plant ranged from 6.54 to 101.20 at Bengaluru, 7.40 to 86.7 at Pavagada 

and 7.25 to 99.8 at Mandya. 

4.2.7 Average pod length (cm) 

 Bengaluru, Pavagada and Mandya had a mean of 15.77, 13.60 and 14.73 respectively, 

with a range of 8.52 to 25.00, 6.20 to 26.4 and 7.56 to 24.26 respectively. 

4.2.8 Average seeds per pod 

 Average seeds per pod had a mean of 13.43, 11.95 and 12.41 with a range of 7.41 to 

25.00, 9.8 to 25.50 and 6.56 to 23.42 at Bengaluru, Pavagada and Mandya locations 

respectively. 

4.2.9 Average Grain yield per plant (g) 

Range of 7.69 to 142.00, 6.50 to 79.30 and 7.14 to 150.80 was observed for grain 

yield per plant with mean of 26.75, 20.02 and 19.43 at Bengaluru, Pavagada and Mandya 

locations, respectively. 



 

Table 6. Descriptive statistics of the ten traits 

Characters 
Mean ± S.Em 

Range 

Bengaluru Pavagada Mandya 

Bengaluru Pavagada Mandya Minimum Maximum Minimum Maximum Minimum Maximum 

Days to 50% flowering 
53.30 ± 

0.79 

53.28 ± 

0.85 

47.12 ± 

0.78 
40.00 58.00 41 66.00 40.00 60.00 

Plant height (cm) 
59.87 ± 

1.27 

38.32 ± 

3.10 

47.44 ± 

1.72 
20.00 88.65 22.14 87.85 25.78 85.12 

Primary branches plant-1 
1.81 ± 

0.22 

1.94 ± 

 0.23 

1.54 ± 

 0.25 
1.00 5.00 1.00 2.60 1.00 3.45 

Clusters per plant-1 
13.13 ± 

1.00 

14.13 ± 

2.91 

14.44 ± 

0.95 
4.20 53.20 5.00 32.60 4.00 42.15 

Pods cluster-1 
2.13 ±  

0.11 

1.77 ± 

0.25 

1.98 ±  

0.16 
1.00 4.00 1.00 4.00 1.00 4.00 

Pods plant-1 
19.17 ± 

1.24 

25.12 ± 

5.67 

23.89 ± 

0.96 
6.54 101.20 7.40 86.70 7.25 99.8 

Average pod length (cm) 
15.77 ± 

1.01 

13.60 ± 

1.62 

14.73 ± 

0.64 
8.52 25.00 6.20 26.40 7.56 24.26 

Average seeds per pod 
13.43 ± 

0.84 

11.95 ± 

1.35 

12.41 ± 

0.70 
7.41 25.00 4.70 25.50 6.56 23.42 

Grain yield plant-1 (g) 
26.75 ± 

1.21 

20.02 ± 

4.91 

19.43 ± 

1.61 
7.69 142.00 6.50 79.30 7.14 150.85 

100 seed weight (g) 
10.40 ± 

0.45 

10.11 ± 

1.29 

11.36 ± 

0.55 
4.96 16.64 6.56 15.44 5.45 14.26 
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4.2.10 100 seed weight (g) 

 For the trait 100 seed weight, range was from 4.96 to 16.64 with mean of 10.40 at 

Bengaluru location, 6.56 to 15.44 with a mean of 10.11 at Pavagada location and 5.45 to 

14.26 with a mean of 11.36 at Mandya location  

4.3 Estimation of genetic variability parameters for yield and its components 

To understand the extent to which the observed variation is due to genetic factors, the 

genotypic co-efficient of variation (GCV), phenotypic co-efficient of variation (PCV), 

heritability (h2) and genetic advance as per cent of mean (GAM), were computed for all the 

ten characters under consideration and is presented in the table 7. 

4.3.1 Days to fifty per cent flowering 

Estimates of GCV and PCV were found to be low at all three locations. PCV was 

8.47%, 8.38%, and 9.10% at Bengaluru, Pavagada and Mandya locations respectively. GCV 

was 8.20%, 8.07%, and 7.69% at Bengaluru, Pavagada and Mandya locations respectively. 

Heritability was high for this trait at all three locations with moderate GAM (Table 7). Least 

difference between GCV and PCV indicated that there was less environment effect on this 

trait. Mahmudul et al. (2012) found similar result of low GCV, PCV, high heritability and 

moderate GAM in cowpea. 

4.3.2 Plant Height (cm) 

 PCV was 30.25, 28.35 and 31.08 at Bengaluru, Pavagada and Mandya locations 

respectively. GCV was 27.21%, 25.20%, and 29.57% at Bengaluru, Pavagada and Mandya 

locations respectively. GCV and PCV was found to be high. Since environmental effect was 

low, there was not much difference in GCV and PCV values. Heritability was high with high 

GAM at all locations (Table 7). Similar results in cowpea were observed by Vishwa Nath et 

al. (2009). 

4.3.3. Primary branches per plant 

 High PCV (53.31% at Bengaluru, 51.32% at Pavagada, 49.12% at Mandya), high 

GCV (48.16% at Bengaluru, 48.48% at Pavagada, 45.24% at Mandya), heritability and GAM 

was high at all locations. Environmental effect was low (Table 7). Kharde et al. (2014) found 

high GCV, heritability and GAM. 



 

Table 7. Variability statistics of ten traits 

 

PCV (%) – phenotypic coefficient of variance; GCV (%) – genotypic coefficient of variance; h2
(bs) – hertitability; GAM (%) – genetic advance per 

cent of mean 

Characters 

Bengaluru Pavagada Mandya 

PCV 

(%) 

GCV 

(%) 
h2 

(bs) 
GAM 

(%) 

PCV 

(%) 

GCV 

(%) 
h2 

(bs) 
GAM 

(%) 

PCV 

(%) 

GCV 

(%) 
h2 

(bs) 
GAM 

(%) 

Days to 50% flowering 8.47 8.20 93.32 16.36 8.38 8.07 90.69 13.29 9.10 7.69 88.45 15.49 

Plant height (cm) 30.25 30.10 90.45 61.70 28.35 27.21 83.56 57.60 31.08 24.56 95.11 59.51 

Primary branches plant-1 53.31 48.16 81.36 69.65 51.32 48.48 89.55 59.44 49.12 45.24 85.21 64.74 

Clusters plant-1 35.99 33.34 21.44 47.51 32.42 28.11 17.36 42.65 44.30 43.32 20.85 46.54 

Pods cluster-1 48.61 45.56 45.36 30.56 43.36 41.56 42.56 27.86 41.58 40.31 41.11 41.23 

Pods plant-1 52.89 49.09 67.65 60.36 47.49 43.19 61.54 53.70 52.31 50.91 65.36 56.65 

Average pod length (cm) 23.05 20.91 62.45 32.95 21.90 18.92 58.36 18.22 19.31 18.31 66.45 35.76 

Average seeds pod-1 19.87 18.79 80.35 32.79 28.45 23.56 75.24 40.20 19.17 17.07 78.36 35.11 

Average Grain yield plant-1 

(g) 
60.25 55.12 52.02 70.17 51.18 47.61 54.55 56.95 51.23 46.69 61.24 60.24 

100 seed weight (g) 49.87 47.23 43.32 60.21 50.12 47.89 41.22 57.82 52.36 49.23 42.56 61.23 
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4.3.4 Clusters per plant 

 PCV and GCV was high at three locations. Environmental effect was found low at all 

location. Since less difference in GCV and PCV was observed at all locations (Table 7). 

Heritability and GAM was high at all locations. Similar results for GCV and PCV was studied 

by Thorat and Gadewar (2013). 

4.3.5 Pods per cluster 

 High PCV and GCV was observed at all the locations. Environmental effect was 

found to be less at all the locations (Table 7). Heritability was high at three locations. GAM 

was high at observed at all three locations. Pandey et al. (2014) found similar results in 

cowpea. Vir and Singh (2014) reported low heritability similar to the current work. 

4.3.6 Pods per plant 

 Higher PCV and GCV was observed at all three locations (Table 7). Environmental 

effect was found to be less at all the locations (Table 7). Heritability and GAM was high at 

observed at all three locations. Pandey et al. (2014) found similar results in cowpea. 

4.3.7 Average pod length (cm) 

 PCV was high at Bengaluru (23.05%) and Pavagada (21.90%) and moderate at 

Mandya (19.31%). GCV was moderate at Pavagada (18.92%) and Mandya (18.22%) 

locations. Heritability was high at all locations. GAM was high at Bangalore and Mandya 

location whereas moderate at Pavagada location (Table 7). Pandey et al. (2014) found similar 

results of moderate GCV and high PCV.  

4.3.8 Average seeds per pod (g) 

 PCV was moderate at Bengaluru (19.87%) and Mandya (17.90%) and was high at 

Pavagada (28.45%) location. Moderate GCV was observed at Bengaluru (18.79%) and 

Mandya (19.17%) whereas it was high at Pavagada (23.56%). GAM and Heritability was high 

at all location (Table 7). Vishwa Nath et al. (2009) found moderate GCV, PCV, heritability 

and GAM. 

4.3.9 Average Grain yield per plant (g) 

 High GCV at Bengaluru (55.12%), Mandya (47.61%) and Pavagada (46.69) was 

observed. PCV was high at all location. Heritability was high at all location indicating 

environmental effect was absent in all the locations. GAM was high at Bengaluru, Pavagada 
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and Mandya location (Table 7). High GCV, PCV was observed by Vir and Singh (2014) 

similar to the present result. 

4.3.10 100 seed weight (g) 

 High GCV and PCV was observed at all the locations. Environmental effect was 

found to be less at all the locations (Table 7). Heritability was high at Bengaluru, Pavagada 

and Mandya. GAM was high at observed at all three locations. 

 In the current study PCV (%) and GCV (%) was high for all traits except days to 50 

per cent flowering and average seeds per pod at Bengaluru location, while it was high for all 

traits except days to 50 per cent flowering at Pavagada location and high for all traits except 

days to 50 per cent flowering, average pod length and average seeds pod. Heritability was 

high for all traits except cluster per plant, pods per cluster, average grain yield per plant and 

100 seed weight at Bengaluru location, it was high for all traits except cluster per plant, pods 

per cluster average pod length, average grain yield per plant and 100 seed weight at Pavagada 

location and it was also high for all traits except cluster per plant, pods per cluster and 100 

seed weight. GAM was high for all traits except days to 50 per cent flowering at three 

locations indicating predominance of additive gene action and phenotypic selection for these 

characters is effective. Days to 50 per cent of flowering had moderate GAM indicating 

moderate possibility for selection for this trait. 

4.4 k-means clustering analysis  

 Millions of data points are put together to form clusters using the clustering technique. 

The goal of cluster analysis or clustering is to divide a collection of genotypes into several 

groups so that the items within each cluster are more "similar" to one another and "dissimilar" 

to those with other clusters. One of the methods to categorize genotypes based on “similarity” 

and “dissimilarity” is k-means clustering (Kanavi et al., 2020). k-means clustering is a genetic 

diversity assessment tool that generates genetically varied clusters based on genetic distances 

between germplasm accessions. Once the various clusters are created, it is simple to identify 

the genetically distant clusters and the genetically distinct germplasm accessions that belong 

to same cluster. In turn, this makes it simple for plant breeders to locate genetically varied 

germplasm accessions that can be used as parental lines in crossing programmes. 



 

 

Table 8. Grouping of genotypes in 12 clusters obtained using k-means clustering  

Clusters 
No. of 

genotypes 
Genotypes 

1 17 
VCP-17-019, EC-458511, IC-402106, IC-402098, 27749(20), 201095(32), NBC-38, NBC-27 SUPER-30, NBC-43, 

GWHOPECB-10, C-33, NBC-25, CP-98, SKUA-WCP-49 and NBC-24 

2 11 
NBC-8, IC-202867(99), IC-603187, IC-462099, IC-58905, IC-237422, EC-458470, EC-472257, NBC-40, CPD-340 and 

NBC-44 

3 13 
IC-249141, IC-4506, IC-402125, IC-202325, IC-202792(72), IC-402175, EC-271040, EC-458489, EC-402159, V-589, EC-

394708, EC-458438 and 202804(83) 

4 8 IC-402048, IC-402114, EC-458485, EC-458473, EC-075180, EC-458483, EC-458411 and EC-458425 

5 8 IC-402104, VCP-18-032, EC-458490, PMCP-1131, KBC-2, KM-5, GC-1602 and IC-402090 

6 13 
IC-253251, GC-3, IC-249593, 198355(45), IC-25105, IC-402101, V-604-7-29-3, EC-492292, EC-472250, TPTC-29, GC-

1801, IC-2591054 and EC-458418 

7 4 V-578, V-585, VC-458492 and NBC-51 

8 22 

IC-402172, IC-458430, IC-330996, IC-45061, IC-402135, IC-10171, 2574422(7), IC-402161, IC-107120, 202521(93), 

202854(97), EC-458469, EC-458505, EC-170574-6, EC-170584-1.1, V-240, V-16, EC-394839, NBC-6, NBC-33, CPD-15 

and NBC-7 

9 11 
IC-422174, IC-198326-38, IC-1070, IC-402164, EC-472252, IC-402166, EC-390287, NBC-23, NBC-36, NBC-4716, and 

IT-9715499-38 

10 15 
IC-402159, IC-249588, IC-202781, IC-202777, IC-402162, IC-202711(58), IC-202290, 202329-89, EC-394838, EC-

458442, NBC-29, NBC-19, PMCP-1016, GC-1805 and C-24-1 

11 7 EC-458440, EC-472271, CB-1024, EC-170604, NBC-30, NBC-18 and EC-458480 

12 18 
IC-1071, IC-219489, IC-206240, EC-47226, NBC-391, NBC-32, NBC-98, NBC-68, TOME-774, PCP-0306-1, NBC-14, 

NBC-016, CPD-331, PCD-1124-1, NBC-41, C-457, C-157 and EC-394779 
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Table 9. Analysis of variance for yield and yield attributing traits between the clusters 

Sl. 

No. 

Source of 

variation 

Days to 

50% 

flowering 

Plant 

height 

(cm) 

Primary 

branches 

plant-1 

Clusters 

plant-1 

Pods 

cluster-1 

Pods 

plant-1 

Average 

pod 

length 

(cm) 

Average 

seeds 

pods-1 

Average 

grain 

yield 

palnt-1 (g) 

100 seed 

weight (g) 

1 
Between 

clusters 

38.29 

*** 

375.50 

1*** 

0.5 

*** 

83.12 

*** 

0.59 

*** 

499.05 

*** 

20.49 

*** 

17.29 

*** 

619.24 

*** 

15.12 

*** 

2 
Within 

clusters 
2.97 35.12 0.09 3.14 0.04 12.38 1.24 1.26 22.42 0.96 

* significance at 5%; ** significance at 1%; *** significance at 0.1%

Table 10. Cluster means of yield and yield-related traits based on k-means clustering 

Clust

ers 

Cluster means 

Days to 50% 

flowering 

Plant 

height (cm) 

Primary 

branches plant-1 

Clusters 

plant-1 

Pods 

cluster-1 

Pods 

plant-1 

Average pod 

length (cm) 

Average 

seeds pods-1 

Average grain yield 

palnt-1 (g) 

100 seed 

weight (g) 

1 53.46 47.67 1.20 13.01 1.88 21.11 15.57 13.80 20.01 11.09 

2 53.36 53.01 1.49 14.65 2.26 27.26 14.06 11.87 20.63 8.85 

3 51.67 40.55 1.67 14.49 1.86 23.42 14.54 12.49 21.11 10.17 

4 51.63 47.98 1.02 14.75 2.31 27.47 15.02 12.72 22.04 13.28 

5 50.48 50.65 0.97 18.30 1.89 29.24 13.34 11.94 27.34 10.19 

6 50.13 42.27 1.17 11.20 1.84 18.20 16.62 14.25 16.44 9.91 

7 48.25 47.91 1.10 23.32 2.00 39.73 13.25 11.98 51.67 8.88 

8 49.55 44.66 1.03 12.38 1.98 19.98 13.71 11.89 18.42 9.46 

9 51.17 49.75 1.53 14.10 2.23 24.50 16.73 15.27 20.60 10.68 

10 53.47 45.92 1.20 11.76 1.61 14.28 13.41 11.77 14.75 9.86 

11 53.50 52.77 1.14 18.25 2.34 38.50 16.67 13.88 34.63 9.72 

12 49.46 58.94 1.37 12.64 1.81 18.94 13.73 11.82 16.23 11.57 
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Based on the non-significance of Levene's test that resulted in the homogeneity of 

variances within the clusters the total genotypes were divided into 12 clusters using non-

hierarchical clustering. The mode of distribution of genotypes into 12 clusters was random 

and it was based on all traits under consideration, not on the geographical distribution as 

mentioned by Kanavi et al. (2020). 

Total of 12 clusters were obtained and among them cluster 8 had maximum genotypes 

of 22 and cluster 7 had 4 genotypes. The distribution of genotypes into 12 clusters is shown in 

table 8 and fig. 1. 

One-way ANOVA was done to know the presence of significant difference between 

the clusters. It was observed that all the traits considered for this study showed high 

significant difference indicating each cluster were different from each other (Table 9). 

The mean value of twelve cluster is depicted in table 10. Lowest mean for days to fifty per 

cent flowering was observed for Cluster 7 (48.25). Cluster 12 had 58.94 as highest mean for 

plant height. Primary branch per plant had highest mean of 1.67 for Cluster 3. Highest mean 

of 23.32 was observed for cluster 7 with respect to cluster per plant. Cluster 11 had highest 

mean of 2.34 for pods per cluster. Highest mean of 39.73 for pods per plant was observed for 

cluster 7. Average pod length had highest mean of 16.73 in cluster 9. 15.27 was highest mean 

in cluster 9 for average seeds per pod. Average grain yield per plant had highest mean of 

51.67 in cluster 7. Cluster 4 had 13.28 as highest mean for 100 seed weight. 

The highest inter-cluster distance (19.68) was observed between cluster 7 and cluster 6 

followed by cluster 7 and cluster 1 (18.95) indicating these clusters were diverse with respect 

to each other (Table 11). And minimum inter cluster distance (8.71) was observed between 

cluster 3 and cluster 1 followed by cluster 10 and cluster 8 (8.77). As the thumb rule of 

hybridization, distant parents are used, similarly genotypes of cluster 7 and cluster 6 can be 

used for hybridization since genotypes of cluster 7 are high yielders and they have highest 

inter cluster distance. Similarly, genotypes of cluster 7 can be used for hybridization against 

genotypes of cluster 1. 
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Table 11. Intra and inter-cluster distance among the 12 clusters 

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 

C1 0 10.80 8.71 10.28 11.28 8.79 18.95 9.64 9.31 9.54 13.15 10.13 

C2  0 9.72 11.68 10.77 13.02 16.66 10.57 11.35 11.49 12.49 11.83 

C3   0 10.9 10.28 9.984 16.96 9.137 10.15 9.81 14.05 10.24 

C4    0 11.12 13.13 18.15 11.52 11.12 13.82 13.25 11.90 

C5     0 13.36 12.70 10.09 12.73 12.28 11.96 11.49 

C6      0 19.86 9.393 10.0 9.958 15.63 11.14 

C7       0 16.15 18.89 19.81 14.76 18.79 

C8        0 11.77 8.77 15.73 9.513 

C9         0 13.50 12.23 12.19 

C10          0 17.30 9.81 

C11           0 17.26 

C12            0 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Cluster plot representing twelve clusters derived using k means clustering of  

cowpea genotypes for yield and yield attributing traits  
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4.5 Analysis of variance by using AMMI Model 

Genotype × environment interactions are of major consequence to the breeders in the 

process of evolution of improved varieties. When varieties are grown in different 

environments for testing their performance, their relative rankings usually do not remain 

same. Hence, the presence of environmental influence and genotype by location interaction is 

a pre-requisite for stability analysis.  

An analysis of variance based on the AMMI model and per cent contribution of each 

component of variance to the total variation for the studied traits is presented in table 12. The 

sum of squares due to genotypes, environment and G × E interaction were significant for days 

to 50 per cent flowering, plant height, primary branches per plant, pods per cluster, pods per 

plant, average pod length, average seeds per pod and average grain yield per plant. The sum 

of squares due to genotypes and G × E interaction were significant for clusters per plant and 

100 seed weight.  

4.5.1 Biplot analysis 

The stability and adaptability of genotypes over spatial environments can be 

qualitatively assessed using graphical representation of GGE- biplot that scatters genotypes 

based on their IPCs. Yan et al. (2000) proposed, a standard biplot of GGE, genotype (G) + 

Genotype × environment (GE) based on site regression model referred to as GGE bi-plot. It is 

a multivariate analytical tool that graphically displays interaction between each genotype and 

each location environment. It is a two dimensional bi-plot and allows visualisation of the inter 

relationship among three environments, and also the inter-relationship between genotypes and 

location environments. 

Total of four GGE biplot patterns were obtained in the current work which are described as 

follows 

4.5.1.1 Discriminating ability and representativeness 

4.5.1.2 Ranking of genotypes relative to ‘ideal genotype’ 

4.5.1.3 Mean vs. stability 

4.5.1.4 ‘Which won where’ pattern 

 



 

Table 12. AMMI ANOVA for yield and yield related traits in cowpea 

Source of 

variation 

Degrees 

of 

freedom 

Days to 50% 

flowering 
Plant height 

Primary branches 

plant-1 
Clusters per plant-1 Pods cluster-1 

MSS Proportion MSS Proportion MSS Proportion MSS Proportion MSS Proportion 

Genotypes 155 34.06*** 15.50 346.23*** 14.19 0.90*** 22.09 52.20*** 19.62 0.47*** 18.61 

Environment 2 397.30*** 23.30 37136.54*** 19.65 30.89*** 9.77 120.81 5.44 10.53** 5.29 

Genotype × 

Environment 
310 32.52*** 29.60 396.08*** 32.48 0.60*** 29.86 47.78*** 35.91 0.44*** 34.04 

PC1 156 36.07 55.80 550.70 70.00 0.75 62.00 63.08 66.40 0.48 56.00 

PC2 154 28.93 44.20 239.44 30.00 0.46 38.00 32.29 33.60 0.39 44.00 

Residuals 465 1.32 1.80 9.46 1.16 0.11 8.18 6.94 7.82 0.07 7.90 

Source of 

variation 

Degrees 

of 

freedom 

Pods plant-1 Average pod length Average seeds pod-1 Grain yield plant-1 100 seed weight 

MSS Proportion MSS Proportion MSS Proportion MSS Proportion MSS Proportion 

Genotypes 155 278.80*** 22.02 15.42*** 17.22 14.18*** 17.97 383.70**** 19.61 11.77*** 32.20 

Environment 2 2242.00** 2.28 383.91** 5.53 192.06** 3.14 9510.20** 6.20 13.74 0.48 

Genotype × 

Environment 
310 222.00*** 35.07 15.21*** 33.99 14.03*** 35.55 384.80*** 35.65 5.06*** 27.73 

PC1 156 74.3 62.20 17.44 57.70 16.59 59.50 548.50 79.20 6.54 65.10 

PC2 154 169.00 37.80 12.95 42.30 11.44 40.50 146.30 20.80 3.56 34.90 

Residuals 465 23.1 5.46 2.71 9.09 2.02 7.66 17.70 2.71 1.41 11.60 

* significance at 5%; ** significance at 1%; *** significance at 0.1% 
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Out of ten traits five productive traits viz., clusters per plant, pods per plant, average 

pod length, average seeds per pod and average grain yield per plant were used for biplot 

analysis. 

4.5.1.1 Discriminating ability and representativeness 

Assessment of discriminating ability and representativeness of test environment is 

based on the length of the environment vectors and the angle between the test environment 

vectors and average environment axis (AEA) in the GGE Biplot graph. more the length of the 

vector of environment means higher discriminating ability of environment in case of trait 

variation. The shorter the length of the vector of environment, lesser discriminating ability of 

environment i.e., less trait variation of genotypes. The average of test environments is denoted 

by average environment axis (AEA) and the average environment is represented by the small 

circle at the end of the arrow of AEA. The angle between the AEA and environment vector is 

less, it denotes more representativeness of the concerned environments over all test 

environments. If the environment vector has more angle with AEA and it denote less 

representativeness. Small and large angle between environmental vectors and AEC indicate 

most and least representative location environments, respectively. Acute and obtuse angle 

between the location environment vectors indicate similarity and dissimilarity between the 

test location environments, respectively (Yan and Tinker, 2006).In the present study, E3 

(Mandya) environment was more discriminative as its vector is longer compared to other 

vectors and E2 (Pavagada) environment is more representative for clusters per plant as its 

angle is smaller with respect to AEC (Fig. 2a). For pods per plant, E3 (Mandya) environment 

is more discriminative and representative as its vector length is longer and angle with respect 

to AEC is smaller for the environment E2 (Pavagada) (Fig. 2b). For average pod length E3 

(Mandya) environment is more discriminative and environment E2 (Pavagada) is more 

representative (Fig. 2c). For trait average seeds per pod E2 (Pavagada) environment is more 

discriminative and E1 (Bengaluru) environment is more discriminative (Fig. 2d). Vector 

length of E3 is longer and angle between AEC is acute, thus E3 is both discriminative 

representative for average grain yield per plant (Fig. 2e). 

4.5.1.2 Ranking of genotypes relative to ‘ideal genotype’ 

An ideal genotype is the one with high mean performance and high stability over the 

environments. A single arrowed line passing through origin in the biplot and centre of the 

circle is average environment coordinate (AEC). The average environment is represented by 

the small  
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Fig. 2a. Discriminative vs. representativeness view of GGE bi-plot for cluster per plant 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2b. Discriminative vs. representativeness view of GGE bi-plot for pods per plant
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Fig. 2c. Discriminative vs. representativeness view of GGE bi-plot for average pod 

length 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2d. Discriminative vs. representativeness view of GGE bi-plot for average seeds per 

pod 
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Fig. 2e. Discriminative vs. representativeness view of GGE bi-plot for average yield per 

plant 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3a. Average environment coordination view of GGE-biplot for identification of 

genotypes ideal for clusters per plant 
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Fig. 3b. Average environment coordination view of GGE-biplot for identification of 

genotypes ideal for pods per plant 

 

Fig. 3c. Average environment coordination view of GGE-biplot for identification of 

genotypes ideal for average pod length 
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Fig. 3d. Average environment coordination view of GGE-biplot for identification of 

genotypes ideal for average seeds per pod 

 

Fig. 3e. Average environment coordination view of GGE-biplot for identification of 

genotypes ideal for average yield per plant 
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circle at the end of the arrow (Yan & Tinker, 2006). An ideal genotype is present at the centre 

of concentric circles with AEC passing through it and stable genotypes are the one that are 

present in the concentric circle. 

Genotypes IC-402104 (34) and GC-1602 (128) were found near ideal as they were 

nearer to origin for clusters per plant (Fig. 3a). For pods per plant genotype NBC-18 (104) 

was identified as near ideal on account of being closer to origin (Fig. 3b). For average pod 

length genotype EC-472252 (62) was found to be ideal (Fig. 3c). Genotype IC-402164 (17) 

was ideal for the trait average seeds per pod (Fig. 3d). Genotype CB-1024 (75) was near ideal 

for average grain yield per plant (Fig. 3e). 

4.5.1.3 Mean vs. stability 

The mean performance and stability could be visualized based on the location of 

genotypes in relation to AEC using AEC view of GGE bi-plot. The single arrowed AEC 

points to higher mean performance of the genotypes across locations (Yan & Tinker, 2006). 

The genotypes with their points located towards arrow of AEC are considered to exhibit high 

mean performance. On the contrary, the genotypes with their points located opposite to AEC 

arrow are considered to exhibit lower performance. Further, the relative lengths of projections 

of the genotypes from AEC are indicative of their relative stability, shorter the length of the 

projections of genotypes from AEC, greater is the adaptability of the genotypes. The greater 

the absolute length of the projections of genotypes, greater would be their poor adaptability 

(Yan et al., 2007). 

In the present study, genotypes EC-458411 (86), PCD-1124-1 (117) and EC-472271 

(68) being closer to AEC line, were identified as highly stable with higher mean performance 

for clusters per plant (Fig. 4a). The genotypes CB-1024 (75), KBC-9 (114) and EC-472257 

(65) were identified as stable with higher mean for pods per plant because of their shorter 

projection from AEC and also towards the arrow of AEC (Fig. 4b). For average pod length 

genotypes NBC-27 (105), IC-2591054 (141) and IC-402166 (78) were found to be stable with 

high mean performance (Fig. 4c). Genotypes KBC-9 (check), NBC-25 (132) and IC-402114 

(47) were stable with high mean performance for average seeds per pod (Fig. 4d). As far as 

average grain yield per plant was concerned, genotypes KBC-2 (114), IC-237422 (27) and 

EC-170574-6 (59) were found to be highly stable with higher mean performance combined on 

account of them being on AEC and towards the arrow of AEC (Fig. 4e). 
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Fig. 4a. Average environment coordination view of GGE-based on location environment 

focused scaling for the mean performance vs. stability for clusters plant-1  

Fig. 4b. Average environment coordination view of GGE-based on location environment 

focused scaling for the mean performance vs. stability for pods plant-1  
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Fig. 4c. Average environment coordination view of GGE-based on location environment 

focused scaling for the mean performance vs. stability for average pod length 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4d. Average environment coordination view of GGE-based on location environment 

focused scaling for the mean performance vs. stability for average seeds pod-1 
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Fig. 4e. Average environment coordination view of GGE-based on location environment 

focused scaling for the mean performance vs. stability for average yield plant-1 

Fig. 5a. Polygon view of GGE-biplot based on the symmetrical scaling for “which won-

where” pattern of genotypes and location environments for cluster plant-1 
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Fig. 5b. Polygon view of GGE-biplot based on the symmetrical scaling for “which won-

where” pattern of genotypes and location environments for pods plant-1 

Fig. 5c. Polygon view of GGE-biplot based on the symmetrical scaling for “which won-

where” pattern of genotypes and location environments for average pod length 
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Fig. 5d. Polygon view of GGE-biplot based on the symmetrical scaling for “which won-

where” pattern of genotypes and location environments for average seeds pod-1 

 

Fig. 5e. Polygon view of GGE-biplot based on the symmetrical scaling for “which won-

where” pattern of genotypes and location environments for average grain yield 

plant-1 
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4.5.1.4 ‘Which won where’ pattern  

Polygon view of GGE biplot helps in identifying which won where pattern of 

genotypes. A polygon is formed by joining all the genotypes farther from the biplot origin in 

such a way that all the other genotypes fall within the polygon. Dotted perpendicular lines 

called equality lines, originating from biplot origin are drawn to each side of the polygon. The 

equality lines divide the bi-plot into sectors. The vertex genotype in each sector is the winning 

genotype at environments whose point fall into the respective sector (Yan et al., 2000). Thus, 

location environments whose point fall in the sector will have the same winning genotype, 

while location environments of different sectors have different winning genotypes. Thus, 

polygon view of GGE biplot indicates the presence or absence of crossover genotype × 

location interaction. 

In present study, genotypes V-585 (72) and IC-402098 (46) were the winning 

genotypes for E1 (Bengaluru) environment, genotypes VC-458492 (76), EC-472252 (62) and 

TPTC-29 (103) were winning genotypes in E2 (Pavagada) and E3 (Mandya) environment on 

account of them occupying the vertices of the polygon for clusters per plant (Fig. 5a). Further 

genotypes NBC-30 (94), NBC-18 (104), EC-402159 (69) and VCP-17-019 (1) were winning 

in E1 (Bengaluru) and E2 (Pavagada) environment and genotype VC-458492 (76), KM-5 

(118) and EC-472252 (62) were winning in E3 (Mandya) environment for pods per plant (Fig. 

5b). For average pod length EC-472252 (62) and 201095(32) (51) were the winning 

genotypes for E2 (Pavagada) and E3 (Mandya) environments and IC-330996 (25) and PMCP-

1131 (110) were winning genotypes for E1 (Bengaluru) environment (Fig. 5c). Genotype 

NBC-4716(125) was winner in E1 (Bengaluru) environment, genotypes IC-249593 (12) and 

IC-4506 (13) were the winners in E2 (Pavagada) environment and genotype EC-472252 (62) 

was winner in E3 (Mandya) environment for average seeds per pod (Fig. 5d). For grain yield 

per plant, genotypes EC-402159 (69) and CB-1024 (75) were the winners in E1 (Bengaluru) 

and E2 (Pavagada) environments and genotype VC-458492 (76), NBC-51 (92) and EC-

472252 (62) were the winners in E3 (Mandya) environment (Fig. 5e). 

4.6 AMMI based stability parameters 

4.6.1 AMMI Stability value (ASV) 

 ASV provides objective assessment of stability and hence help to identify genotypes 

stable over the three spatial environments. ASV is the distance from zero in a two-
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dimensional scatter-gram of IPCA 1 (Interaction Principal Component Analysis Axis 1) 

scores against IPCA 2 (Interaction Principal Component Analysis Axis 2) scores. In the 

present study, ASV were estimated using both IPCA1 and IPCA2, as they significantly 

contributed towards total genotype × location interaction variance of all the traits. 

In the present study, the estimates of ASV were lower in magnitude with respect to the 

top three genotypes, EC-458483 (85), EC-394708 (79), NBC-18 (104) with ASV of 0.22, 

0.29 and 0.33, respectively for average grain yield per plant (Table 13). And these genotypes 

were considered stable across three locations. 

4.6.2 Stability Index 

 Stability index (SI) which incorporates both quantitative traits mean and stability in a 

single criterion helps in simultaneous selection of genotypes with desired performance for 

different quantitative traits coupled with stability. The genotypes with low SI are regarded as 

those with high trait expression and high stability. 

In the present study, genotypes IC-198355(45) (18), EC-472271 (68), EC-394708 (79) 

were found with lower SI estimates of 35, 47, 51, respectively for average grain yield per 

plant (Table 13). These genotypes were regarded as the best ones with high trait mean and 

stability. 

Based on ASV and SI top five stable cowpea genotypes across three different 

locations for different traits is listed in table 14. 

Based on SI, the stable genotypes which were stable for multiple traits are listed in 

table 15. The genotype IC-402161 found stable for plant height (cm) and average pod length 

(cm), IC-25105 for plant height (cm) and clusters per plant, IC- 198355(45) for traits clusters 

per plant, pods per plant and average grain yield per plant and IC-402159 for clusters per 

plant and pods per plant. 
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Table 13. Estimates of AMMI model-based parameters to assess stability of cowpea 

genotypes across three locations for grain yield plant-1 

Sl. No Genotype Means (Y) RY ASV RASV SI 

1 VCP-17-019 27.08 24 4.78 135 159 

2 IC-253251 20.94 55 1.18 28 83 

3 GC-3 23.64 37 2.86 101 138 

4 EC-458511 22.73 42 2.21 75 117 

5 NBC-8 22.60 43 3.75 124 167 

6 IC-202867(99) 15.13 120 0.51 7 127 

7 IC-603187 30.82 13 6.51 145 158 

8 IC-462099 25.16 34 1.48 42 76 

9 IC-402048 18.83 74 0.90 19 93 

10 IC-249141 10.35 155 2.31 78 233 

11 IC-422174 20.58 58 2.86 100 158 

12 IC-249593 15.48 117 3.48 116 233 

13 IC-4506 17.69 92 3.58 118 210 

14 IC-198326-38 21.25 54 0.97 22 76 

15 IC-402125 14.45 133 1.96 64 197 

16 IC-1070 18.68 77 0.93 21 98 

17 IC-402164 21.83 50 1.88 60 110 

18 198355(45) 30.93 12 1.03 23 35 

19 IC-402106 15.07 122 2.95 105 227 

20 IC-1071 13.18 139 1.94 63 202 

21 IC-25105 20.74 57 2.52 88 145 

22 IC-402172 28.00 21 7.59 150 171 

23 IC-458430 21.48 52 1.33 36 88 

24 IC-58905 11.18 152 1.70 46 198 

25 IC-330996 19.22 70 0.87 18 88 

26 IC-202325 18.76 75 2.95 106 181 

27 IC-237422 16.90 101 2.87 102 203 

28 IC-45061 19.84 64 0.71 13 77 

29 IC-219489 14.53 129 0.63 11 140 

30 IC-402159 18.99 72 1.20 29 101 

31 IC-206240 12.38 143 1.77 54 197 

32 IC-202792(72) 16.77 104 2.17 70 174 

33 IC-402135 25.30 33 2.82 97 130 

34 IC-402104 20.53 61 2.99 108 169 

35 IC-249588 19.02 71 0.85 17 88 

36 IC-202781 12.59 142 2.44 83 225 

37 IC-202777 28.72 17 7.52 149 166 

38 IC-402162 18.18 85 0.80 16 101 

39 IC-402175 15.22 119 2.00 66 185 

40 IC-202711(58) 14.34 135 1.45 40 175 

41 IC-10171 25.84 32 2.85 99 131 
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Sl. No Genotype Means (Y) RY ASV RASV SI 

42 IC-202290 30.19 14 8.07 152 166 

43 2574422(7) 27.01 26 2.83 98 124 

44 IC-402161 19.77 67 0.93 20 87 

45 IC-402101 18.65 78 1.12 26 104 

46 IC-402098 17.90 88 1.44 38 126 

47 IC-402114 11.29 151 0.38 5 156 

48 IC-107120 16.55 108 1.65 45 153 

49 202521(93) 26.68 27 4.07 128 155 

50 27749(20) 26.54 28 4.57 130 158 

51 201095(32) 22.17 46 1.73 50 96 

52 202854(97) 19.53 69 1.76 52 121 

53 202329-89 27.84 22 5.36 137 159 

54 EC-394838 22.48 44 5.40 138 182 

55 EC-458469 18.41 83 1.20 30 113 

56 EC-458505 17.78 89.5 1.11 25 114.5 

57 EC-458470 10.83 154 1.77 53 207 

58 EC-458440 14.50 130 1.13 27 157 

59 EC-170574-6 17.38 97 1.82 56 153 

60 EC-458485 14.11 137 1.73 51 188 

61 EC-271040 16.55 107 1.97 65 172 

62 EC-472252 17.05 99 2.81 95 194 

63 EC-458442 13.16 140 2.36 79 219 

64 V-604-7-29-3 14.35 134 2.50 85 219 

65 EC-472257 15.53 115 3.91 126 241 

66 EC-458489 26.31 30 3.46 115 145 

67 EC-170584-1.1 21.65 51 1.88 59 110 

68 EC-472271 28.77 16 1.22 31 47 

69 EC-402159 14.91 124 1.61 44 168 

70 EC-492292 23.44 38 4.78 134 172 

71 V-578 11.70 149 2.21 74 223 

72 V-585 17.39 95 2.04 68 163 

73 V-589 14.11 136 2.64 91 227 

74 VCP-18-032 24.22 36 2.31 77 113 

75 CB-1024 17.38 96 0.52 8 104 

76 VC-458492 26.17 31 6.70 146 177 

77 V-240 16.30 111 2.27 76 187 

78 IC-402166 15.11 121 0.60 10 131 

79 EC-394708 21.97 49 0.30 2 51 

80 EC-458473 14.48 132 1.44 39 171 

81 EC-075180 18.43 82 2.38 81 163 

82 V-16 18.04 86 2.98 107 193 

83 EC-472250 14.60 127 3.60 120 247 

84 EC-458490 16.61 106 2.52 87 193 
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Sl. No Genotype Means (Y) RY ASV RASV SI 

85 EC-458483 14.66 125 0.22 1 126 

86 EC-458411 12.04 146 1.29 35 181 

87 EC-390287 11.75 148 1.70 47 195 

88 EC-458425 17.78 89.5 2.51 86 175.5 

89 EC-170604 19.95 63 4.83 136 199 

90 EC-472267 22.04 48 0.73 14 62 

91 EC-394839 24.76 35 1.23 32 67 

92 NBC-51 10.99 153 2.61 90 243 

93 NBC-391 14.66 126 2.81 96 222 

94 NBC-30 17.43 94 2.53 89 183 

95 NBC-23 9.74 156 1.80 55 211 

96 NBC-32 16.80 103 0.36 4 107 

97 NBC-98 12.15 145 0.45 6 151 

98 NBC-68 11.53 150 2.43 82 232 

99 NBC-36 16.67 105 1.27 33 138 

100 NBC-6 14.48 131 1.73 49 180 

101 NBC-38 28.26 19 1.46 41 60 

102 NBC-33 32.96 9 5.84 142 151 

103 TPTC-29 28.17 20 1.87 58 78 

104 NBC-18 12.21 144 0.33 3 147 

105 NBC-27 16.97 100 0.79 15 115 

106 NBC-29 18.27 84 1.70 48 132 

107 NBC-19 27.30 23 7.62 151 174 

108 TOME-774 11.82 147 2.47 84 231 

109 PCP-0306-1 23.03 41 1.92 61 102 

110 PMCP-1131 19.82 66 0.71 12 78 

111 NBC-14 20.55 60 4.65 132 192 

112 NBC-016 15.88 114 1.28 34 148 

113 SUPER-30 34.07 7 3.97 127 134 

114 KBC-2 22.11 47 6.75 147 194 

115 CPD-331 18.50 81 3.85 125 206 

116 PMCP-1016 20.88 56 3.41 114 170 

117 PCD-1124-1 48.39 3 19.36 154 157 

118 KM-5 41.76 5 6.08 143 148 

119 NBC-40 23.15 39 2.03 67 106 

120 NBC-43 32.11 10 5.63 141 151 

121 GWHOPE 40.17 6 3.65 121 127 

122 GC-1801 61.98 1 23.04 156 157 

123 NBC-41 14.54 128 1.86 57 185 

124 GC-1805 20.41 62 4.64 131 193 

125 NBC-4716 23.09 40 2.69 92 132 

126 C-457 17.70 91 1.52 43 134 

127 CPD-15 22.38 45 1.09 24 69 
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Sl. No Genotype Means (Y) RY ASV RASV SI 

128 GC-1602 18.71 76 2.17 71 147 

129 CB-10 26.45 29 4.42 129 158 

130 C-33 15.41 118 2.11 69 187 

131 IT-9715499-38 28.26 18 7.52 148 166 

132 NBC-25 16.36 110 2.36 80 190 

133 C-157 31.46 11 5.44 139 150 

134 C-24-1 17.48 93 1.94 62 155 

135 CP-98 27.07 25 3.66 122 147 

136 CPD-340 47.45 4 13.38 153 157 

137 SKUA-WCP-49 21.36 53 4.69 133 186 

138 NBC-44 13.08 141 2.18 72 213 

139 NBC-24 20.55 59 2.78 94 153 

140 EC-394779 54.53 2 22.12 155 157 

141 IC-2591054 13.50 138 0.56 9 147 

142 IC-402090 29.10 15 6.17 144 159 

143 NBC-7 16.47 109 2.91 103 212 

144 EC-458438 14.99 123 1.35 37 160 

145 EC-458418 17.24 98 3.37 112 210 

146 EC-458480 15.51 116 2.18 73 189 

147 202804(83) 33.01 8 5.52 140 148 

Where, Y – mean value of grain yield per plant; RY – rank of mean; ASV – AMMI stability 

value; RASV – rank of AMMI stability value; SI – stability index 

Table 14. Top five stable cowpea genotypes across three locations identified based on 

ASV and SI for different traits. 

Characters Based on SI Based on ASV 

Days to 

50% 

flowering 

NBC-29, V-16, EC-458473,  

IC-58905, IC-202781 

NBC-29, NBC-27, TOME-774, NBC-

4716, NBC-44 

Plant height 

(cm) 

CP-98, IC-45061, IC-402161,  

IC-25105, IC-402098 

IC-402161, 202804(83), CP-98,  

IC-402098, IC-458430 

Primary 

branches 

plant-1 

EC-458480, 202804(83), KBC-2(c), 

EC-458485, IC-402048 

EC-458485, EC-472250, 

 PCD-1124-1, IC-402048, NBC-25 

Clusters 

plant-1 

198355(45), IC-402159, V-589, NBC-

14, IC-25105 

IT-9715499-38, V-240, IC-

202711(58), EC-394708, IC-402159 

Pods 

cluster-1 

IC-10171, IC-4506, V-604-7-29-3, C-

24-1, IT-9715499-38 

IC-58905, IC-202781, IC-402106, 

EC-458483, IC-4506 
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Characters Based on SI Based on ASV 

Pods plant-1 
198355(45), C-33, IC-202290,  

GC-1805, IC-402159 

IC-202792(72), NBC-23, IC-402090, 

EC-458490, EC-472271 

Average 

pod length 

(cm) 

IC-402162, KBC-2(C), NBC-25, 

IC-402175, IC-603187 

EC-472250, IC-402162, C-152 (c), 

IC-249593, NBC-25 

Average 

seeds pod-1 

GC-1801, IC-402161, EC-170574-6, 

IC-462099, C-152(C) 

NBC-23, EC-472250, KBC-9 (c), 

SKUA-WCP-49, IC-422174 

Average 

Grain yield 

plant-1 (g) 

198355(45), EC-170584-1.1,  

IC-402166, NBC-36, EC-458425 

EC-458490, IC-402166, NBC-33, 

NBC-30, IC-402098 

100 seed 

weight (g) 

NBC-4716, TPTC-29, NBC-7,  

CB-10, IC-402106 

IC-198326-38, Genotype-36,  

GC-1801, NBC-27, 202521(93) 

 

Table 15.  Stable cowpea genotypes across three different locations identified based on SI 

for multiple traits.  

 

Stable genotypes based on 

SI 
Multiple traits for which genotypes found stable 

IC-402161 Plant height (cm) and average pod length (cm) 

IC-25105 Plant height (cm) and clusters plant-1 

IC- 198355(45) 
Clusters plant-1, pods plant-1 and average grain yield plant-1 

(g) 

IC-402159 clusters plant-1 and pods plant-1 

 



SUMMARY 



V. SUMMARY 

Preamble: Cowpea is predominantly a self-pollinated crop with good source of 

protein (popularly known as poor man’s meat) and a multi utility crop, cultivated in semi-arid 

and arid regions of the world. Variability, clustering and stability studies are essential to 

exercise selection in any crop. Variability and cluster studies are helpful in selection of 

parents. The performance of different varieties varies significantly. Some genotypes perform 

well in certain environments but not so well in others. Plant breeders should focus on 

developing cowpea genotypes with consistent high yielding capacity in a range of 

environments. Keeping all these aspects, the current research was carried out at Zonal 

Agricultural research Station (ZARS), GKVK, Bengaluru, ZARS, VC Farm, Mandya and 

Agricultural Research Station (ARS), Pavagada to generate information for variability, 

diversity and stability parameters. 

Objectives: (i) To study the genetic variability for yield and its associated traits. (ii) To work 

out the G x E interaction for yield and yield attributes. (iii) Identification of high yielding 

cowpea lines 

 Material and methods: For the present study 147 cowpea germplasm accessions were used 

along with two checks KBC-9 and C-152 for evaluation in alpha lattice design with two 

replications in summer season of 2022. Data was recorded on days to 50 per cent flowering, 

plant height, number of primary branches per plant, number of clusters per plant, number of 

pods per cluster, number of pods per plant, average pod length, average seeds per pod, 

average grain yield per plant and 100 seed weight from five randomly selected plants, 

avoiding border plants and averaged.  

 Data obtained for above traits were subjected to alpha lattice ANOVA, descriptive 

statistics, variability studies, clustering studies, Additive Main Effects and Multiplicative 

Interaction (AMMI) model Analysis to detect Genotype × Environment interaction, four types 

of Genotype + Genotype × Environment (GGE) bi-plots, AMMI Satbility Value (ASV), 

Stability Index (SI) to interpret the results. 

Salient features of experimental findings are summarized below. 

• Alpha lattice ANOVA showed significant differences among genotypes for all traits 

under study indicating that all genotypes performed differently with respect to each 

other in three environments 
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• Pooled alpha lattice ANOVA showed significant genotype × environment interaction 

for all traits under study 

• High heritability with high genetic advance as per cent of mean was observed for plant 

height, primary branches per plant, pods per plant, average pod length, average seeds 

per pod and average grain yield per plant at all three locations 

• K- means clustering method was used to classify the 147 genotypes, as a result 12 

clusters were identified 

• The cluster 8 was the largest with 22 genotypes and cluster 4 was smallest with four 

genotypes. 

• Genotypes with highest average grain yield per plant were observed in cluster 7 which 

can be used for selection of parent with grain yield as target trait 

• Cluster 7 and cluster 6 had highest inter cluster distance as evident by inter cluster 

distance and genotypes belonging to these clusters can be used as parents for further 

crop improvement programme 

• Based on mean vs. stability pattern, the genotypes KBC-2, IC-237422 and EC-

170574- 6 were found to be highly stable with high mean average grain yield per plant 

• Based on ‘which won- where’ pattern for average grain yield per plant, genotypes IC-

402159 and CB-1024 were better in Bengaluru, and Pavagada location and genotypes 

IC-458492, NBC-51 and EC-472252 were better in Mandya location 

• Based on ASV, the genotypes EC-458483, EC-394708, NBC-18 were found to be 

stable across all three locations 

• Based on SI, the genotypes IC-198355(45), EC-472271, EC-394708 were found stable 

with high mean average grain yield per plant 

• The genotype IC-198355(45) was found stable for clusters per plant, pods per plant 

and average grain yield per plant 
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Future line of work 

• Based on clustering results, genotypes from cluster 7 and cluster 6 can be used as 

parents for crossing for crop improvement 

• Genotypes IC-198355(45), EC-472271, EC-394708 which were found to have high SI 

are suggested for large scale evaluation to confirm their stability 
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