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ABSTRACT: Cowpea (Vigna unguiculata L.) is one of the most important pulse crops which serve multiple purposes for 
human food and animal feed. Information on genetic diversity among the existing cowpea genotypes will increase the 
efficiency of the cowpea improvement. The present investigation was carried out at the experimental farm of Sids 
Agriculture Research Station, ARC, during the 2017 and 2018 summer seasons. A total of seventeen cowpea genotypes 
were separately sown in a randomized complete block design (RCBD) with three replications to detect the magnitude of 
variability and the degree of association between the different traits based on the performance of yield and its yield 
components and seed storage protein. The combined analysis over the two years revealed that significant differences 
were found among the cowpea genotypes for all studied traits. Genotype 4 ranked first followed by genotype 6 for the 
highest values of yield and its components over the two seasons and combined, indicating that these genotypes are 
promising and could be recommended to use among breeding programs. The great variation was recorded with the 
obtained values of genetic and phenotypic coefficient of variation, heritability, and genetic advance for all phenotypic 
traits. Highly significant positive correlation values were found between dry forage yield and each plant height, stem 
diameter, and fresh yield, while a significant negative correlation with leaf/ stem ratio at both the genotypic and 
phenotypic levels. These are useful for simultaneous selection for yield improvement in cowpea. Twenty-four bands were 
detected with the molecular masses ranging from 17 up to 245 kDa in seventeen cowpea genotypes by SDS- PAGE 
electrophoresis patterns for water-soluble proteins. Based on seed protein combined analysis, the overall similarity 
matrix revealed that the highest similarity between genotypes 9 and 10 was (93.7%) while the lowest similarity was 
(8.1%) between genotypes 1 and 16. The dendrogram resulting from the combination of the two systems separated the 
seventeen cowpea genotypes into two main clusters and two sub clusters. This study provided baseline information and 
identified promising cowpea genetic resources for effective breeding and systematic conservation. 
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INTRODUCTION
 
The shortage of green forage in the summer season is 
considered to be one of the mean problems in feeding 
animals in the A.R.E. Therefore, it was necessary to set a 
plan to improve forage yield and quality characteristics of 
cowpea which now is considered an important summer 
forage crop, either through a breeding program or by the 
adoption of improved cultural practices. Going beyond, it 
is important for food and feed. Cowpea (Vigna 
unguiculata L.) is one of the most important and a native  

 
 
 
 
grain legume crops that is very good crop to be used in 
feeding animals during summer for its high quality, 
quantity, and nutritive value. It can be fixed about 240 kg/ 
ha of atmospheric nitrogen and make available about 60-
70 kg/ha nitrogen for succeeding crops grown in rotation 
with it (Rao and Shahid, 2011).  Cowpea is well adapted 
to environmental conditions that affect cop production 
such as drought, high temperature other biotic stress 
compared with other crops. Any  progress  in  a  breeding  
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programme depends on the magnitude of genetic 
variability in the population and extends of heritability of 
the desirable characters. Variability analysis has been 
found useful for genetic information about characters that 
are expected to respect selection. Research concerning 
the genetic parameters of fodder cowpea is rather limited. 
However, wide differences in forage yield were formed 
among genotypes of fodder cowpea (Owusu et al. 2018). 
Also, many workers (Akhshi et al. 2014 and Alidu et al. 
2020) have calculated different components of variance, 
heritability, and genetic advance for different 
characteristics in cowpea and have mentioned that 
selection was effective.  

Also, El-Nahrawy (2018) evaluated 24- cowpea 
genotypes and found significant for plant height, stem 
diameter, total fresh and dry yields with individual cutting 
in the first and second years. Genetic diversity plays an 
important role in the success of any breeding program 
(Ali et al. 2008). Knowledge of genetic diversity in 
available germplasm and genotypes is very useful for 
plant improvement all over the world, promoting the 
efficient use of genetic variations in breeding programs 
through supporting the proper selection of cross 
combination among large sets of parental genotypes 
(Elteib and Gasim 2020). Generally, genetic diversity is 
estimated by measuring variation in phenotypic or 
quantitative and qualitative traits; however, sometimes it 
is limited to the characterization of quantitative traits 
influenced by environmental conditions (Fernandes et al., 
2012).  

Morphological markers are highly dependent on the 
environment for expression; in fact, several limitations 
reduce their ability to estimate genetic diversity in plants. 
Unlike, molecular markers which are considered as an 
effective tool for the efficient selection of desired 
agronomic traits, they are based on the plant genotype 
sufficient in numbers, not vulnerable to environmental 
influences (Franco et al., 2001), and not influenced by 
development stages. Among molecular markers providing  
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useful tools for studying genetic variation and examining 
the relationship between and within species. Typically, 
sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) is utilized for protein 
separation and molecular weight estimation as a 
qualitative tool for the analysis of seed proteins and 
detects genetic diversity in cowpea (Luo et al., 2004). 
The present investigation was conducted with the 
following objectives: (i) to estimate genetic parameters 
associated with forage yield,(ii) to evaluate phenotypic 
and genotypic correlations between yield and its 
components, and (iii) to measure genetic diversity 
between genotypes by SDS-PAGE. 
 
 
MATERIALS AND METHODS 
 
Morphological traits 
 
Field experiment 
 
Seventeen cowpea genotypes from different origins 
(Table 1) were evaluated at Sids Research Station farm 
of Agricultural Research Centre, bin-suif Governorate, 
Egypt, during the 2017 and 2018 summer seasons on 
clay soil. Randomized complete block design with three 
replications.  Genotypes of cowpea were sown into a plot 
size of 6 m2 and each plot consist of one row 4m long and 
0.6m wide with hills spaced at 30cm between plants at 
the seed ingrate of 20 kg/fed was used. The sowing 
dates were done at5th and 8th May in the two seasons, 
respectively. After two weeks, hills were thinned to one 
plant per hill. During seedbed preparation, 150 kg P2O5 
fed -1 was calcium superphosphate (15.5% P2O5) was 
incorporated into the soil surface. The N fertilizer was 
supplied at 50 kg N fed-1 rate as ammonium nitrate 
(33.5% N) after 15 days from planting and after each cut. 
Three cuts were taken in each season at 70, 110, and 
140 days after sowing. 

 
Table 1: The name and origin of the seventeen of cowpea genotypes used in the 
current study. 
 
Genotypes Origin NO. Genotypes Origin 
64215702SD Nigeria 10 581517 02SD Nigeria 
33961901SD Tanzania 11 581520 02SD Nigeria 
491456 02SD Botswana 12 582749 01SD Botswana 
339588 02SD South- Africa 13 339595 01SD South- Africa 
449139 02SD Tanzania 14 581595 01SD Nigeria 
292907 01SD Nigeria 15 449227 02SD Nigeria 
581608 02SD Nigeria 16 582713 01SD Botswana 
581188 02SD Nigeria 17 Giza 18 Egypt 
582685 02SD Botswana    

 
Data were taken on the following characters: 
 
(i) Mean plant height (cm) was determined at each cutting 
by an average of five measurements for each plot and 

 
averages overall cuts were taken. 
(i) Leaf /stem ratio.  
(ii) Stem diameter (cm). 
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(iii) In each cut, fresh forage yield was calculated by 
harvesting the complete kg/plot. The total fresh yield 
was calculated by the sum of three cuts. 
(iv) Total dry forage yield was calculated from dry 
matter percentage multiplied by fresh yield. (The green 
plants were chopped manually and were weighed on 
digital weight balance then placed in shad for drying and 
was shifted to the electric oven at 70ºC for the period till a 
constant weight was achieved). 
 
 
Statistical analysis 
 
Data for all studied traits were subjected to regular 
statistical analysis of variance of the randomized 
complete block design (RCBD) according to Gomez 
and Gomez, (1984). Bartlett test of variance 
homogeneity was carried out before the combined 
analysis (Bartlett, 1937). Mean comparisons were 
performed using the least significant difference 
(L.S.D.) at a 5% level of probability. Phenotypic (PCV 
%) and genotypic (GCV %) coefficients of variability, 
heritability in a broad sense (H2%), and Genetic 
advance as a percentage of the mean were 
calculated to compare the extent of the predicted 
advance of different traits under selection (GA) for the 
studied traits were calculated according to Kumar et 
al. (1985).  Relationships   between   the   traits   were 
studied through genotypic and phenotypic correlation 
and path coefficient. Genotypic and phenotypic 
correlation coefficients were calculated for each pair 
of traits according to Falconer (1989). All correlation 
coefficients were worked out between all possible 
combinations of traits. The statistical analysis and the 
relationships between germplasm were measured by 
calculating their Euclidean distance and complete 
linkage method as phenogram using SYSTAT version 
7.0. Wilkinson (2010). 
 
 
Molecular Studies 
 
SDS- Protein Electrophoresis 
 
Protein extraction was performed according to Saraswati 
et al. (1993). Seeds were ground to powder with mortar 
and pestle. Protein fractionations were performed 
exclusively on vertical slab (19.8 cm x 26.8 cm x 0.2 cm) 
gel using the electrophoresis apparatus manufacturer 
and model according to the method of Laemmli (1970). 
SDS- protein gels were scanned and analyzed using Gel 
Doc 2000 Bio-Rad. 
 
Data analysis 
 
The polymorphic bands were scored as present (+) or 
absent (-).   Genetic   similarity   among   genotypes   was  

 
 
 
 
estimated based on Euclidian coefficients. Cluster 
analysis was performed using the unweighted pair group 
method based on arithmetic averages (UPGMA). 
 
 
Cluster analysis 
 
Genotypes were clustered using the unweighted pair 
group method using arithmetic average as outlined by 
Kovach (1995). It was based on a similarity matrix 
obtained with an unweighted pair group method using 
arithmetic average (UPGMA), and the relationships 
among genotypes were displayed as dendrogram 
calculated based on Jukes-Cantor Coefficient using PAST 
program. 

 
 
RESULTS AND DISCUSSION 
 
Genetic variability 
 
Analysis of variance in (Tables 2 and 3) indicated 
significant and highly significant differences among the 
studied cowpea genotypes for plant height leaf/ stem 
ratio, stem diameter, fresh and dry yields in both 
successive seasons, and the combined across the two 
seasons. These results are in line with those obtained by 
Bozokalfa et al. (2017) and El-Nahrawy (2018) found 
highly significant differences among cowpea genotypes 
for fresh and dry yield, plant height, and stem diameter in 
both season. This was supported by Freitas et al. (2019) 
who have stated that highly significant differences among 
growth traits of cowpea landraces under study. Mean 
performances in (Table 2) indicated that the 2018 season 
was more values of all traits than the 2017 season. Data 
in (Table 4) for mean performances revealed the highly 
significant differences among the investigated genotypes 
for different traits in both seasons. The maximum value 
for the plant height (85.26 and 90.13 cm) was detected 
for (G4).On the other hand; (G13) had the lowest value 
(63.14 and 69.28 cm) in both seasons, respectively. 
However, data revealed that G6 (2.85), ranked first 
followed G16 (2.54) for leaf/ stem ratio in the first season 
but in the second season (G4) had the highest value of 
3.02. Meanwhile, G4 gave profuse stem diameters (1.50 
and 1.62 cm, respectively) in both seasons. While G1 
had the lowest stem diameter (0.648 cm) in the first 
season, whilst in the second season G13 revealed the 
lowest (0.829 cm) for stem diameter. It is worth 
mentioning that the (G4) had the highest values for the 
fresh and dry yields (52.84 and 59.12 kg/plot) and (8.96 
and 9.34 kg/plot) respectively, in both seasons. The 
combined data analysis across the two years revealed 
that (G4) had a significantly higher plant height (87.70 
cm) and stem diameter (1.560 cm) than the other 
varieties. However, G6 (2.77 %) ranked first followed by 
G4 (2.75 %) for leaf/ stem ratio.  
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Table 2: Mean squares of morphological traits under the study of seventeen cowpea genotypes in two seasons. 
 

S.O.V. 
 
D.F. 

Mean squares 
Plant height (cm) Leaf/ stem ratio (%) Stem diameter (cm) Fresh yield (kg/plot) Dry yield (kg/plot) 

  2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 
Rep 2 4.62 6.54 0.032 0.046 0.194 0.198 2.85 3.78 0.147 1.519 
Genotypes 16 34.61** 38.41* 0.425* 0.809** 0.257** 0.348* 30.24** 33.04** 6.512** 7.018** 
Error 32 1.78 1.92 0.013 0.037 0.016 0.022 1.16 1.37 0.196 0.472 

**Significant at 1% level of probability, * Significant at 5% level of probability. 
 

Table 3: Combined analysis of morphological traits under the study of seventeen cowpea genotypes across the two seasons. 
 

 
 
 
 
 
 
 

**Significant at 1% level of probability, *Significant at 5% level of probability. 
 

Table 4: Mean performance of morphological traits under the study of seventeen cowpea genotypes in first, second seasons and combined over 
the two seasons. 
 
 
No. 

Plant height (cm) Leaf/ stem ratio Stem diameter (cm) Fresh yield (kg/plot) Dry yield (kg/plot) 
2017 2018 Comb. 2017 2018 Comb. 2017 2018 Comb. 2017 2018 Comb. 2017 2018 Comb. 

1 65.12 70.35 67.74 0.98 1.15 1.07 0.648 0.829 0.739 35.08 41.33 38.21 4.95 5.33 5.14 
2 74.94 80.38 77.66 2.12 2.34 2.23 1.086 1.209 1.148 41.98 48.32 45.15 7.25 7.7 7.48 
3 71.12 76.35 73.74 1.49 1.76 1.63 0.891 1.014 0.953 39.42 45.67 42.55 5.99 6.4 6.20 
4 85.26 90.13 87.70 2.48 3.02 2.75 1.50 1.620 1.560 52.87 59.12 55.99 8.96 9.34 9.15 
5 68.61 74.75 71.68 1.16 1.51 1.34 0.748 0.889 0.819 35.57 41.51 38.54 5.61 6.02 5.82 
6 83.99 88.49 86.24 2.85 2.69 2.77 1.254 1.396 1.325 50.53 56.78 53.66 8.73 9.11 8.92 
7 78.81 84.95 81.88 2.35 2.5 2.43 1.145 1.287 1.216 47.87 54.12 50.99 7.88 8.26 8.07 
8 72.64 78.24 75.44 1.72 1.98 1.85 0.921 1.061 0.991 40.32 46.57 43.45 6.48 6.93 6.71 
9 71.97 76.93 74.45 1.59 1.87 1.73 0.909 1.044 0.977 39.95 46.12 43.04 6.25 6.66 6.46 
10 74.45 80.17 77.31 1.96 2.29 2.13 0.965 1.117 1.041 41.67 48.23 44.95 6.97 7.35 7.16 
11 78.11 83.07 80.59 2.32 2.49 2.41 1.143 1.270 1.207 46.96 53.61 50.29 7.79 8.2 7.99 
12 70.97 75.93 73.45 1.34 1.66 1.50 0.768 0.891 0.830 37.33 43.98 40.66 5.86 6.24 6.05 
13 63.14 69.28 66.21 0.85 1.02 0.94 0.677 0.791 0.734 34.21 40.86 37.54 4.51 4.92 4.72 
14 73.28 78.78 76.03 1.81 2.13 1.97 0.959 1.082 1.021 40.78 46.95 43.87 6.68 7.09 6.89 
15 75.42 80.59 78.01 2.17 1.33 1.75 0.697 0.849 0.773 35.26 41.43 38.35 5.38 5.76 5.57 
16 81.95 85.91 83.93 2.54 2.63 2.59 1.241 1.393 1.317 49.13 55.30 52.22 8.43 8.88 8.66 
17 75.88 80.84 78.36 2.24 2.39 2.32 1.128 1.266 1.197 44.78 50.95 47.87 7.58 8.03 7.81 
F. test ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 
L.S.D 0.01 4.511 4.652 5.115 0.195 0.213 0.426 0.182 0.231 0.246 1.759 2.112 2.984 0.154 0.193 0.241 
L.S.D 0.05 2.963 3.154 4.062 0.057 0.175 0.321 0.094 0.089 0.015 1.405 1.916 2.135 0.131 0.167 0.206 

 
S.O.V. 

 
D.F. 

Mean squares 
Plant height (cm) Leaf/ stem ratio (%) Stem diameter (cm) Fresh yield (kg/plot) Dry yield (kg/plot) 

Year (Y) 1 125.89* 3.149* 1.571 87.016* 18.294* 
Rep/ year 4 16.73 0.729 0.243 5.369 5.833 
Genotypes (G) 16 86.14** 2.161** 1.018** 43.125** 14.119* 
Y x G 16 12.581** 0.125** 0.069** 3.246* 1.040** 
Error 64 8.401 0.038 0.015 1.027 0.138 
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Table 5: Genetic parameters of morphological traits under the study of cowpea genotypes in first, second seasons and combined over the two 
seasons. 
 

 
 
 
 
 
 
 
 
 
 
 
Meanwhile, G4 (55.99 and 9.15 kg/plot) ranked 
first for fresh and dry yields respectively, while the 
lowest value (37.54 and 4.72 kg/plot) was 
recorded for (G13). These results are in 
agreement with those reported by Agbogidi and 
Egho (2012) and Gerrano et al. (2020). Also, 
Owusu et al. (2018) found a significant difference 
among tested genotypes for yield and its 
components. Therefore, it might be used to 
identify different cowpea genotypes. 
  
 
Genetic parameters 
 
Table 5 shows the genotypic (2δg), phenotypic 
variation (2δp), genotypic coefficient of variation 
(GCV), phenotypic coefficient of variance (PCV), 
broad-sense heritability (h²) and genetic advance 
as a percent of the mean, (GA). Highly significant 
differences were observed for all the traits. This 
considerable variability provides a good chance of 
improvement in studied cowpea genotypes. In 
general, the phenotypic coefficient of variability 
(PCV %) was higher than the corresponding 
genotypic coefficient of variability (GCV %) for all 
the traits which demonstrated the effect of 
environment upon the traits. In the first year, the 

highest genotypic and phenotypic coefficient of 
variability were recorded for plant height (cm) 
(4.44and 4.79 %), leaf/ stem ratio % (19.69 and 
20.60%), stem diameter (cm) (28.86 and 31.62%), 
Fresh yield (kg/plot) (7.42 and 7.85%) and Dry 
yield (kg/plot) (21.42 and 22.37 %), respectively. 
This indicates the presence of exploitable genetic 
variability for these traits Mamta et al. (2014). 
Heritability (H2%) estimates were generally high 
for all studied traits and recorded values from 
91.74% for dry yield to 83.33% for stem diameter. 
In general, all traits had higher heritable variation. 
Hence, it can be assumed that genotypes of 
almost all the traits are mainly determined by their 
phenotypes. Genetic advance estimates were 
generally high for all studied traits, where the 
genetic advance (GA) values revealed ranged 
from 53.19 for stem diameter to 631.91 for Plant 
height. So it is a more reliable index for the 
selection of traits. In the second year, the highest 
genotypic and phenotypic coefficient of variability 
was recorded for plant height (4.37and 4.70 %), 
leaf /stem ratio (24.73 and 26.45 %), stem 
diameter (29.48 and 32.32 %), Fresh yield (6.73 
and 7.15%) and dry yield (20.54 and 22.64 %), 
respectively. Heritability estimates were generally 
high for all studied traits and recorded values from 

88.52 % for fresh yield to 82.26% dry yield. Data 
revealed that values ranged from 62.04 for stem 
diameter to 667.55 for plant height to genetic 
advance. These data might indicate a very wide 
variation among genotypes in the study for 
considered traits. Therefore, it might be used to 
identify different cowpea genotypes (Kuruma et al. 
2008). The genetic parameters of the combined 
data over seasons also showed highly significant 
differences for all traits under study. Larger 
discrepancies between GCV and PCV estimates 
were observed for all assessed traits. The 
genotypic and phenotypic coefficient of variability 
were recorded for plant height (4.54 and 4.92 %), 
leaf /stem ratio (29.55 and 30.45 %), stem 
diameter (37.85 and 39.27 %), Fresh yield (5.71 
and 5.94%), and dry yield (21.12 and 21.93 %), 
respectively. The lowest heritability (85.38 %) 
estimates were recorded for plant height, while 
the dry yield recorded the greatest value of 
heritability (92.76%). Genetic advance ranged 
from 78.94 for stem diameter to 666.50 for plant 
height. According to Inuwa et al. (2012) and 
Gerrano et al. (2015), the existence of wide 
genetic variability is a prerequisite to effective 
selection for traits of  interest in  a  plant  breeding 
improvement   program.  Mofokeng  et al. (2020)  

 
No. 

Plant height (cm) Leaf/ stem ratio Stem diameter (cm) Fresh yield (kg/ plot) Dry yield (kg/ plot) 
2017 2018 Comb. 2017 2018 Comb. 2017 2018 Comb. 2017 2018 Comb. 2017 2018 Comb. 

Mean 74.45 79.71 77.08 1.88 2.05 1.97 0.98 1.12 1.05 41.98 48.29 45.13 6.78 7.19 6.99 
2δg 10.94 12.16 12.26 0.137 0.257 0.339 0.080 0.109 0.158 9.69 10.56 6.65 2.11 2.18 2.18 
2δp 12.72 14.08 14.36 0.150 0.294 0.360 0.096 0.131 0.170 10.85 11.93 7.19 2.30 2.65 2.35 
G.C.V 4.44 4.37 4.54 19.69 24.73 29.55 28.86 29.48 37.85 7.42 6.73 5.71 21.42 20.54 21.12 
P.C.V 4.79 4.70 4.92 20.60 26.45 30.45 31.62 32.32 39.27 7.85 7.15 5.94 22.37 22.64 21.93 
(H2)% 86.01 86.36 85.38 91.33 87.41 94.17 83.33 83.21 92.94 89.31 88.52 92.44 91.74 82.26 92.76 
GA 631.91 667.55 666.50 72.87 97.63 116.39 53.19 62.04 78.94 606.01 629.84 510.61 286.61 275.85 292.93 
G% 8.49 8.37 8.65 38.76 47.63 59.08 54.27 55.39 75.18 14.44 13.04 11.31 42.27 38.37 41.91 
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also reported high  heritability  values  for  traits. Further,   
this suggested that the phenotypes were the true 
representative of their genotypes for these traits and that 
selection based on phenotypic value could be reliable. 
High values for heritability coupled with high genetic 
advance for studied agronomic traits, which indicates 
additive gene action controls the expression inheritance 
of these traits in cowpea (Hermes et al., 2018). Planned 
crosses among complementary cowpea genotypes  
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possessing these traits may result in improved genetic 
gains and enhanced performance of progenies. 
 
Phenotypic and genotypic correlation 
 
In this study, the phenotypic and genotypic correlation 
coefficients (r) of growth traits and yield in two seasons 
are separated for a clear understanding as shown in 
(Table 6).  

 
 

Table 6: Estimates of phenotypic (p) and genotypic (g) correlation coefficient of yield and yield components of seventeen cowpea 
genotypes in 2017 (above diagonal) and 2018 (below diagonal) growing seasons. 
 

Characters  Plant height (cm) Leaf/ stem ratio% Stem diameter (cm) Fresh yield (kg/ plot) Dry yield (kg/ plot) 

Plant height (cm) 
p  -0.79ns 0.62ns 0.89* 0.71** 
g  -0.84** 0.71** 0.94** 0.86** 

Leaf/ stem ratio% 
p -0.74*  -0.67 ns -0.73ns -0.63* 
g -0.85**  -0.83** -0.78** -0.74** 

Stem diameter (cm) 
p 0.69ns -0.74 ns  0.65** 0.73ns 
g 0.73* -0.86**  0.71** 0.85** 

Fresh yield (kg/ plot) 
p 0.94ns -0.81* 0.77ns  0.83** 
g 0.97** -0.92** 0.89**  0.99* 

Dry yield (kg/ plot) 
p 0.88** -0.57ns 0.68* 0.84**  
g 0.96** -0.65** 0.74** 0.93**  

** Significant at 1% level of probability, * Significant at 5% level of probability, ns= not significant at P= 0.05. 
 
 
 
A positive value of (r) shows that the changes of two 
variables are in the same direction, that is, high values of 
one variable are associated with high values of the other 
and vice versa. In general, the magnitude of genotypic 
correlations (rg) was higher than those of phenotypic 
correlations (rp). This revealed that association among 
these characters was under genetic control and indicating 
the preponderance of genetic variance in the expression 
of characters. When the value of "rp" was greater than 
"rg", it showed that the apparent association of two traits 
was not only due to genes but also due to the favorable 
influence of the environment. 

In the first year, the dry yield showed significant 
positive correlations with each plant height 
(rp=0.71**,rg=0.86**) and fresh yield (rp=0.83**,rg=0.99*)at 
both phenotypic and genotypic levels, respectively. While 
it appeared significant positive correlations with stem 
diameter (rg= 0.85**) at the genotypic level. Meanwhile, it 
exhibited negative and significant association with leaf/ 
stem ratio (rp= -0.63*, rg= -0.74**) at genotypic level. 
Such results could help the breeder to select high dry 
forage yield through selection for one or more of these 
traits. Regarding fresh yield significant positive 
correlations were found with plant height (rp= 0.89*, rg= 
0.94**) and stem diameter (rp= 0.65**, rg= 0.71**) at both 
phenotypic and genotypic levels, respectively. Otherwise, 
it indicated significant negative correlations with leaf/ 
stem ratio (rg= -0.78**) at genotypic level. The observed 
stem diameter with each plant height and leaf/stem ratio 
showed significant positive and negative correlations at 

genotypic level (rg= 0.71** and rg= -0.83**) respectively. 
Also, plant height was significantly and negatively 
correlated with leaf/stem ratio (rg= -0.84**) at the 
genotypic level. 

In second season, the dry yield showed significant 
positive correlations with each of plant height (rp= 0.88**, 
rg= 0.96**), stem diameter (rp= 0.68*, rg= 0.74**) and 
fresh yield (rp= 0.84**, rg= 0.93**) at both phenotypic and 
genotypic. Otherwise, it was significantly and negatively 
associated with leaf/ stem ratio (rg=-0.65**) at genotypic 
level. The results showed that there was a highly 
significant positive correlation between fresh yield and 
each plant height (rg= 0.97**) and stem diameter (rg= 
0.89**) at the genotypic level. In contrary leaf/ stem ratio 
showed significant negative correlation (rp= -0.81*, rg= -
0.92**) at both phenotypic and genotypic levels. The 
correlation coefficient between stem diameter and plant 
height displayed significant positive correlation (rg= 0.73) 
and significant negative correlations with leaf/stem ratio 
(rg= -0.86**) at genotypic level. While, plant height was 
significantly and negatively correlated with leaf/stem ratio 
(rp= -0.74*, rg= -0.85**) at both phenotypic and genotypic 
levels. The concurrent results for a significant positive 
correlation between plant height and dry yield were 
reported by Nguyen et al. (2019). These results were in 
agreement with Sultan et al. (2021) which detected highly 
significant positive correlation values between fresh yield 
and each plant height and leaf/stem ratio and suggest 
available genetic improvement of cowpea yield by 
selection for these traits.  
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Figure 1: SDS protein banding patterns for water soluble protein of seventeen cowpea genotypes. 

 
 
 
Molecular studies 
 
SDS- Protein electrophoresis 
 
SDS- PAGE electrophoresis patterns for water-soluble 
proteins for all genotypes showed band polymorphism 
(Figure 1).  

Twenty-four bands were   detected   with   the 
molecular masses ranging from 17 up to 245 kDa in 
seventeen cowpea genotypes, which were not 
necessarily present in all genotypes. The similarities 
between protein bands among genotypes highlighted the 
close genetic relationships among them. Polymorphic 
bands (17) giving a polymorphism rate of 65.24%. The 
highest number of bands belonged to genotype 3 (17) 
and the least number was related to genotype 17. The 
similarity matrix among genotypes is shown in (Table 7) 
as calculated according to Nei and Li (1979). The highest 
similarity value was estimated between 9 and 10 
genotypes (0.937) while the lowest one was recorded 
between genotypes 1 and 16 (0.008) other similarity 
estimates were between these two values. The 

dissimilarity between 1 and 16 could be justified by 
pedigree. These results are in agreement with Gupta et 
al. (2010) who reported that SDS- PAGE was widely 
used to separate proteins, which are directly related to 
the genetic makeup of wild, cultivars, or newly derived 
cereal plants. Also, Bertozo and Valls (2001) reported 
significant variation among different species for seed 
storage proteins; therefore it is suggested to use different 
species to increase the genetic diversity of the 
germplasm. Nei’s standard distance matrix among the 
seventeen cowpea genotypes seed protein is shown in 
(Table 7). It was carried   out   using   UPGMA   computer  
programmes. The similarity relationships ranged between 
0.981and 0.008. Generally showed the lowest distance 
with genotypes (1, 12, and 13) while the highest distance 
was observed between genotypes (1 and 16). 
 
 
Cluster analysis 
 
A dendrogram for the genetic relationships among the 
17-cowpea genotypes was combined  according  to  plant  
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Table 7: Similarity matrix among seventeen cowpea varieties based on seed storage protein. 
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Figure 2: Linkage dendrogram of 17 cowpea genotypes generated by UPGMA cluster analysis based on 
yield and yield components. UPGMA cluster analysis based on seed protein. 

 
 
 
height (cm), leaf/ stem ratio%, stem diameter (cm), fresh 
and dry yields (kg/ plot) is illustrated in (Figure 2).  

Data revealed that the studied traits showed diversity 
among cowpea genotypes. The genotypes were grouped 
into two main clusters (A and B), cluster A was divided 
into two sub clusters. The genotypes (1, 13, 5, 12, and 
15) were found in the first sub cluster, which were 
clustered at a genetic distance of   58.30. The second 
sub cluster consisted of six genotypes (2, 10, 3, 9, 8, and 
14), which were clustered at a genetic distance of 71.52. 
The second cluster (B) was separated at a genetic 
distance of 52.22 and comprised six genotypes (4, 6, 16, 
7, 11, and 17). Data showed that genotypes 1 and 13 
were more closely related to each other, while less 
similarity founded between 1 and 17 genotypes. Based 
on seed protein of the 17- cowpea genotypes is 

illustrated in Figure (2), Data revealed that the studied 
traits showed diversity among cowpea genotypes. A 
dendrogram separated into two main and two sub 
clusters, the first sub cluster included (1, 12, and 13) 
genotypes, and the second sub cluster consisted of 
seven genotypes (2, 14, 15, 5, 9, 10, and 17), while the 
genotypes (3, 4, 7, 6, 8, 11 and 16). The genotypes 9 and 
10 were more closely related to each other, On the other 
hand, less similarity founded between 1 and 16 
genotypes. All the genotypes were distinctly separated 
from each other and the genotypes with similar 
phenotypic traits were grouped. Clustering of genotypes 
based on their similarity/dissimilarity is valuable for 
cowpea breeders in that the most important genotypes in 
the population may be selected from different clusters for 
hybridization in  cowpea  improvement  programmes. The  

Proximity Matrix 
Matrix File Input 

Var. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
1 1 0.692 0.206 0.197 0.365 0.110 0.154 0.106 0.338 0.316 0.099 0.913 0.812 0.532 0.412 0.008 0.258 
2  1 0.315 0.275 0.687 0.145 0.211 0.117 0.598 0.428 0.079 0.862 0.894 0.867 0.775 0.043 0.403 
3   1 0.909 0.771 0.625 0.771 0.536 0.565 0.654 0.365 0.087 0.133 0.215 0.433 0.205 0.875 
4    1 0.533 0.823 0.903 0.782 0.643 0.733 0.613 0.118 0.163 0.301 0.453 0.453 0.801 
5     1 0.291 0.367 0.124 0.821 0.667 0.107 0.159 0.278 0.658 0.793 0.054 0.409 
6      1 0.705 0.694 0.317 0.427 0.667 0.059 0.078 0.158 0.213 0.525 0.465 
7       1 0.864 0.367 0.567 0.767 0.101 0.178 0.158 0.253 0.711 0.733 
8        1 0.189 0.226 0.824 0.037 0.053 0.096 0.117 0.624 0.324 
9         1 0.937 0.141 0.225 0.278 0.458 0.578 0.104 0.633 
10          1 0.311 0.143 0.178 0.398 0.582 0.078 0.881 
11           1 0.125 0.168 0.218 0.278 0.791 0.491 
12            1 0.305 0.133 0.112 0. 056 0.091 
13             1 0.533 0.359 0.011 0.106 
14              1 0.605 0.308 0.374 
15               1 0.148 0.333 
16                1 0.431 
17                 1 
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discordance between phenotypic and genotypic clusters 
is partly attributed to the significant environmental effect 
on the variable expression of the assessed phenotypic 
traits. Phenotypic performance is the result of the 
genotype, environment, and genotype-by-environment 
interaction effects (Singh et al., 1991 and Mafakheri et al. 
2017). 
 
 
Conclusion 
 
The finding of this study indicated that there is some 
range of significant variability by Phenotypic analysis 
using quantitative traits and genotyping using high 
density SDS markers among 17 cowpea genotypes, 
coupled with high heritability and genetic advance as 
percent of the mean, which exists in different characters 
of germplasm of cowpea. It offers the potential to evolve 
cowpea genotypes through simple breeding methods. 
Trait association analysis revealed a significant 
correlation between plant height, stem diameter, and 
fresh yield that could allow direct selection to improve dry 
yield. Clustering of the genotypes signifies the close 
genetic proximity among the species. Based on the 
distance between genotypes of different clusters, 
contrasting parents may be identified and making them 
ideal parental lines for breeding. Generally, it can be 
claimed that the combination of morphological data and 
SDS- PAGE can be highly informative and 
complementary so that they could be efficient and 
accurate tools for detecting genetic diversity in cowpea 
germplasm and used in the breeding programmes for 
improvement.  
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