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ABSTRACT 

Cowpea is an underutilized legume that has been cultivating in Indonesia. But, the availability of cowpea variety 

is limited. Cowpea breeding program is started with gene source characterization of germplasm. This research 

aims to study the yield and its supported component variability of cowpea germplasm. One hundred and fifty 

cowpea accessions were planted using randomized block design with two replications. Observation was done for 

days of flowering, days of maturity, plant height, number of branches, number of pods per plant, pod length, 

number of seeds per pod, seed weights per plant, 100 seeds weight, and seed weights per plot. Statistic 

descriptive, analysis of variance, and was analyzed with MSTAT 1.4 version software, while path analysis was 

done with SPSS 19 version. Days of flowering was ranged 32-53 das, days of maturity 60-79 das, plant height 

16-51.3 cm, number of branches 0-5, number of pods per plant 13-93, pod length 9.1-22.8 cm, number of seeds 

per pod 12-20, seed weight 7.47-76.17 g per plant, 100 seeds weight 4.19-18.5 g, and seed weight per plot 45.61-

346.58 g. There were significant differences between the genotype in leaf length x width, plant height, pod 

length, number of pods per plant, weight of 100 seeds, and seed weight per plot. All of the observed characters 

were correlated highly significant to yield, except days of maturity, leaf length x width, and pod length which 

correlated significantly, also number of branches and number of seeds per pod which not correlated significantly 

to yield. Selection was held for yield character using 20% selection index and there were 19 accessions selected, 

with 269.58-326.48 g seed yield per plot. 
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1. INTRODUCTION 

Cowpea [Vigna unguiculata (L.) Walp.] is a 

member of Leguminoceae that has not been 

cultivated widely in Indonesia. Certain organs such as 

leaves and seeds can be used as food. The forage and 

residues substitute 66 kg urea-N / ha and 70 kg urea-

N / ha within urea substitution, and 12 kg urea-N / ha 

and 14 kg urea-N / ha without urea [1]. Fresh weight 

and production of mint plant essential oil increased 

by 23.4% and 25.2% by application of cowpea 

forage. Cowpea forage contributes 30 kg N / ha 

without fertilizer to mint plantations [2]. This means 

that cowpeas can also be used as organic matter to 

increase soil fertility and crop yields thereafter. 

Intercropping pattern of corn and cowpea as a base 

crop produces 5.34 t / ha of maize and a profit of IDR 

13,671,000 / ha with a B / C ratio of 2.05 [3]. 

Cowpea breeding was initiated in 1991 by 

Indonesian Legume and Tuber Crops Research 

Institute (ILETRI) as cowpeas consumption became 

common in Indonesia. ILETRI has released eight 

cowpea varieties until 1998 [4]. The assembly of 

cowpea superior varieties still needs to be done to 

increase choices diversity for people especially for 

farmers. Three characters that are taken by farmers in 

selecting cowpea genotypes are yield, resistance to 

pests and diseases, and seed coat color. Creamy or 

white seed coat color is preferably associated with 

shorter cooking times [5,6]. 

ILETRI has more than 150 cowpea accessions, in 

germplasm collection with various characters. 

According to [7], the seed yields of ILETRI's cowpea 
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germplasm collection reached 1.62 t / ha. Seed coat 

colors consisted of brown (62%), red (51%), cream 

(18%), black (14%), and striated (4%). A total of 50 

cowpea accessions from the ILETRI collection have 

also been evaluated for resistance to aluminum stress 

at the germination stage. Seven accessions were 

known to be tolerant and six accessions were 

classified as moderate [8]. These various characters 

and superiority have the potential to become a source 

of genes in the assembly of superior cowpea varieties 

in Indonesia. 

Characterization of germplasm collections is 

needed in pre-breeding activities [9]. The purpose of 

characterization is to identify accessions that have 

superior character so that they can be used as parents 

in the breeding program. Therefore, this study aims to 

characterize and preliminary selection of ILETRI 

cowpea collections so that they can be developed in 

breeding activities. 

2. MATERIALS AND METHODS 

2.1. Materials 

The research material was 150 cowpea accessions 

from ILETRI germplasm. The research was 

conducted at the Muneng Agricultural Technology 

Research and Assessment Installation (ATRAI) in 

2017. Experimental design was complete randomized 

block design with two replications. Each accession 

was planted in a plot measuring 1.5 m x 4 m, spacing 

75 cm x 20 cm. 

2.2. Observation 

Observations were made on days of flowering, 

days of maturity, leaf area, plant height, number of 

branches, pod length, number of seed pods-1, number 

of pods plant-1, seed weight plant-1, weight of one 

hundred seeds, and seed weight plot-1. Qualitative 

characters observed were hypocotyl color, flower 

color, growth type, leaf shape, ripe pod color, and 

seed color. 

2.3. Analysis 

Descriptive and variance analysis, followed by 

selection with 20% selection limit, using MSTAT 

version 1.4 (10) and Microsoft Excel 2010 software. 

Correlation and path analysis were also carried out to 

determine the relationship among the characters with 

the help of SPSS 19 version software [11]. The 

conclusion of direct and indirect relationship is based 

on [12]. 

3. RESULT AND DISCUSSION 

Descriptive analysis results of 11 cowpea 

characters in ILETRI collection showed that the 

fastest days to flowering and maturity were 32 days 

and 60 days. The latest flowering and maturity age 

were 53 and 79 days. Flowering age of cowpeas 

according to [7] was not much different from this 

study, there were, 33-51 days after sowing (das).  

Table 1. Character description in population of 150 cowpea accessions planted in Muneng, 2017 

Variable Minimum Maximum Mean SD 

X1 32.00 53.00 42.24 5.13 

X2 60.00 79.00 68.21 4.23 

X3 14.00 123.28 52.35 20.41 

X4 16.00 51.30 29.62 6.17 

X5 0.00 5.00 2.72 1.25 

X6 9.10 22.80 16.17 2.20 

X7 12.00 20.00 16.05 1.66 

X8 13.00 93.00 37.55 13.44 

X9 7.47 76.17 30.66 14.85 

X10 4.19 18.45 10.46 2.97 

X11 45.61 346.58 181.58 61.41 

Note: X1=days of flowering (das); X2=days of maturity (das); X3=leaf length x width (cm2); X4=plant height (cm); X5=number of branches; 

X6=pod length (cm); X7=number of seed pod-1; X8=number of pod plant-1; X9=seed weight plant-1 (g); X10=weight of 100 seeds (g); 
X11=seed weight plot-1 (g/6 m2) 
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Figure 1. Diagram for five qualitative characters of 150 cowpea accessions planted in Muneng, 2017 

 
The days of maturity ranged from 53-67, which 

was earlier than this study. Grouping of cowpeas 

days of maturity was reported by [13] and could be 

divided into three groups: early maturity (<85 das), 

medium (85-95 das), and lately (> 95 das). Hereby, 

the cowpea accessions in this study were early 

maturing. 

Leaf area varied widely from 14 cm2 to 123.28 

cm2. Plant height was around 16-51.3 cm, the number 

of branches could reach 5 branches, and pod 

production 13 to 93 pods plant-1. Average pod length 

was 16.2 cm and number of seeds pod-1 was 16. It 

was reported by (14) that the shortest plant height 

was 15.3 cm and the maximum plant height reached 

213.3 cm. The maximum number of branches was 4, 

and the maximum number of pods was 34 pods plant-

1, the maximum length of pod was 33 and the number 

of seeds pod-1 was 18. 

Seed weight plant-1 was 76.17 g, while the 

average seed weight plot-1 was 181.58 g. Weight of 

100 seeds of cowpeas in this study ranged from 4.19-

18.5 g (Table 1). The weight of 100 seeds reported by 

(14) was lower, namely 10.77 g.  

All of the materials had a green hypocotyl. The 

seed coat color is very diverse, there are 7 colour 

variants of the seed coat. Most of the accessions 

(35%) had red seed coat. As many as 79% of 

accessions had dark brown pod colour. Most of the 

accessions (89%) had ovate-shaped leaves and a 

small proportion (11%) were lanceolate-shaped. As 

many as 95% of accessions have purple flower, while 

the rest have white flowers. The growth types varied 

between indeterminate (59%), semi determinate 

(17%), and determinate (24%) (Figure 1). According 

to (7), similar descriptions was reported for six 

qualitative characters of cowpea in the ILETRI 

collection. The red seed coat is the second largest 

after brown. Ovate leaves are more numerous than 

lanceolate, and most of the accessions have purple 

flowers. 

Replication caused very significant differences in 

days of maturity, number of branches, pods length, 

number of pods plant-1, seeds weight plant-1, weight 

of 100 seeds, and seeds weight plot-1. This may be 

due to micro-environment differences among 

replication. Significant differences among the 

genotypes were in leaf area, plant height, pod length, 

number of pods plant-1, weight of 100 seeds, and 

seeds weight plot-1 (Table 2). Leaf area difference 

was caused by varied leaves-shape of cowpea 

accessinon. While plant height differences may be 

caused by differences in growth types. Indeterminate 

cowpea has a higher plant than determinate cowpea. 

Indeterminate growth type also has the potential to 

harvest more than once so that the seed weight plant-1 

and plot-1 may be higher than the determinate type. 
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Table 2. Analysis of variance for 11 characters of 

150 cowpea accessions planted in Muneng, 2017 

 

Note: X1=days of flowering (das); X2=days of maturity (das); 
X3=leaf length x width (cm2); X4=plant height (cm); X5=number 

of branches; X6=pod length (cm); X7=number of seed pod-1; 

X8=number of pod plant-1; X9=seed weight plant-1 (g); 
X10=weight of 100 seeds (g); X11=seed weight plot-1 (g/6 m2) 

  
Phenotype’s variance (PV) was greater than 

genotypes variance (GV) except for days of 

flowering, days of maturity, and number of seeds 

pod-1 (Table 3). The value of genotype variance in a 

one-factor complete randomized block design was 

obtained from the difference between genotype mean 

square and error mean square of a character in the 

population per replication. Genotypes mean square in 

analysis of variance is a combination of genetic and 

environmental factors. Environmental factors need to 

be separated first so that genotype variance reflects 

the population genetic diversity [15]. 

In line with the variance value, the phenotypic 

coefficient of variance (PCV) was also greater than 

the genetic coefficient of variance (GCV) except for 

the days of maturity and number of seeds pod-1. Days 

of flowering GCV value could not be estimated 

because the genotype variance was minus (Table 3). 

PCV values that are greater than GCV values imply 

that the diversity of certain characters in the 

population is caused by the influence of 

environmental factors. GCV value which is greater or 

similar with PCV value imply genetic factors 

influence to the character diversity. 

Days of maturity and number of seeds pod-1 have 

similar genetic and phenotypic variance, as well as 

PCV and GCV, so that the broad sense heritability 

value is 1. The broad sense heritability (Hbs) explains 

the proportion of genetic and environmental factors 

influence. The higher heritability value of a character, 

the higher genetic factors influence and inheritance of 

those character become easier. Heritability values are 

grouped according to (16) in (17) hereby, low (< 0.2), 

medium (0.2 < H < 0.5), and high (> 0.5). Characters 

with high genetic variance, GCV and Hbs have the 

potential to become the selection criteria. Days of 

flowering and number of seeds pod-1 had the potential 

to become selection criteria because they had high 

genetic variance values, GCV and Hbs (Table 3). 

 

Table 3. Genetic parameter estimation of 150 cowpea accessions planted in Muneng, 2017 

Variable Vg Vp Ve Hbs PCV GCV 

X1 -2.50 17.32 19.82 -0.14 9.85 - 

X2 17.94 17.94 0.00 1.00 6.21 6.21 

X3 0.01 0.03 0.02 0.29 0.34 0.19 

X4 9.20 37.75 28.55 0.24 20.74 10.24 

X5 0.04 1.09 1.05 0.03 38.30 6.88 

X6 2.18 4.77 2.59 0.46 13.50 9.12 

X7 2.78 2.78 0.00 1.00 10.38 10.38 

X8 56.87 159.95 103.08 0.36 33.68 20.08 

X9 10.83 109.37 98.54 0.10 34.11 10.73 

X10 2.08 3.22 1.14 0.65 17.14 13.77 

X11 581.01 2039.54 1458.53 0.28 24.87 13.27 

Note: X1=days of flowering (das); X2=days of maturity (das); X3=leaf length x width (cm2); X4=plant height (cm); X5=number of branches; 
X6=pod length (cm); X7=number of seed pod-1; X8=number of pod plant-1; X9=seed weight plant-1 (g); X10=weight of 100 seeds (g); 

X11=seed weight plot-1 (g/6 m2) 

Variable 
Mean square 

CV (%) 
Replication Genotype 

X1 2694.0 ** 14.82 ns 10.5 

X2 0.0 ns 35.87 ns 0.0 

X3 0.1 ns 0.042 ** 8.9 

X4 130.0 * 46.94 ** 18.0 

X5 13.2 ** 1.12 ns 36.4 

X6 32.2 ** 6.94 ** 10.0 

X7 0.0 ns 5.55 ns 0.0 

X8 6384.9 ** 216.8 ** 27.0 

X9 33323.3 ** 120.2 ns 32.4 

X10 1685.1 ** 5.3 ** 10.2 

X11 519697.3 ** 2620.5 ** 21.0 
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Table 4. Path analysis for 11 characters of 150 cowpea accessions planted in Muneng, 2017 

 

Xi P 
Indirect effect through 

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 

X1 0.08 - 0.21** -0.05 0.04 -0.04 0.01 -0.09 0.16** 0.34** 0.44** 0.317** 

X2 -0.13 0.21** - -0.11 0.09 0.005 -0.08 0.06 -0.06 -0.08 -0.06 -0.145* 

X3 -0.03 -0.05 -0.11 - 0.24** -0.1 0.18** 0.09 0.17** 0.26** 0.2** 0.129* 

X4 0.07 0.039 0.09 0.24** - 0.06 -0.06 0.01 0.23** 0.3** 0.09 0.184** 

X5 0.002 
-0.04 0.005 -0.1 0.06 - -

0.19** 

-0.11 0.06 -0.1 -0.28** -0.102 

X6 -0.04 0.01 -0.08 0.18** -0.06 -0.2** - 0.31 -0.08 0.12* 0.4** 0.119* 

X7 -0.01 
-0.09 0.06 0.09 0.01 -0.11 0.31 - -

0.28** 

-0.004 0.13* -0.015 

X8 0.05 0.16** -0.06 0.17** 0.23** 0.06 -0.08 -0.23** - 0.72** 0.13* 0.333** 

X9 0.28 0.34** -0.08 0.26** 0.3** -0.09 0.12* -0.004 0.72** - 0.63** 0.575** 

X1

0 
0.34 

0.44** -0.06 0.19** 0.09 -

0.28** 

0.39** 0.13* 0.13* 0.63** - 0.548** 

Note: X1=days of flowering (das); X2=days of maturity (das); X3=leaf length x width (cm2); X4=plant height (cm); X5=number of branches; 

X6=pod length (cm); X7=number of seed pod-1; X8=number of pod plant-1; X9=seed weight plant-1 (g); X10=weight of 100 seeds (g); 

X11=seed weight plot-1 (g/6 m2); P=direct effect through 

 
GCV is categorized as high if it is more than 2SD 

(standard deviation) [18]. Pod length character had 

high heritability values, but low and medium values 

of genetic variance and GCV. The weight of 100 

seeds could be used as selection criteria because it 

had high heritability and GCV even though the 

genetic variance was low. Number of pods plant-1 had 

a wide genetic variation despite medium heritability. 

Thus, the selection criteria that could be used based 

on this study are days of flowering, number of seeds 

pod-1, number of pods plant-1, and weight of 100 

seeds. According to [19] reported that number of 

clusters and number of pods plant-1 could be used as 

secondary characters in cowpea selection because 

they had high direct effect based on path analysis. It 

wa also stated by [20] that number of pods plant-1 

supported by pod diameter had a significant positive 

effect on dry weight plant-1. 

Table 5. Selected accession based on 20% selection intensity in seed weight plot-1 character of 150 cowpea 

accessions planted in Muneng, 2017 

 

Accession (MLGU) Variable Min. Max. 

MLGU 17001; MLGU 17004; MLGU 17015; MLGU 

17018; MLGU 17039; MLGU 17050; MLGU 17061; 

MLGU 17070; MLGU 17074; MLGU 17078; MLGU 

17085; MLGU 17090; MLGU 17096; MLGU 17118; 

MLGU 17160; MLGU 17171; MLGU 17177; MLGU 

17180; KT 9 

Days of flowering (das) 33.00 48.00 

Days of maturity (das) 60.00 76.00 

Qualitative character LxW (cm2) 30.10 105.60 

Hipocotyl green Plant height (cm) 26.33 43.67 

Flower colour purple, white Pod length (cm) 13.90 19.90 

Growth type ID-D Pods plant-1 24.00 78.00 

Leaf shape almost all ovate Seeds weight plant-1 (g) 23.85 76.17 

Mature pod colour almost all brown Weight of 100 seeds (g) 7.97 15.71 

Seed coat colour 
white, cream, brown, red, red 

spickled, grey spickled, mix 
Seed weight plot-1 (g/6 m2) 269.60 346.58 
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Seed weight plot-1 had medium heritability values 

(Hbs = 0.28), but genetic variance and GCV were 

high (581.01 and 13.27). Yield characters generally 

have low heritability values and are related to other 

characters. Therefore, plant selection to obtain 

genotypes that are superior in yield could be done 

through other characters as selection criteria. 

Path analysis was conducted to determine 

relationship among the characters, especially yield 

character. Conclusions are made based on [12]. Days 

of maturity and number of seeds pod-1 had almost 

similar value between correlation and direct effect. 

So, it would be effectively used as a selection 

criterion. Days of flowering had an indirect effect on 

seed weight plot-1 through days of maturity. Plant 

height had an indirect effect through leaf area. 

Number of branches and weight of 100 seeds had an 

indirect effect on weight of seeds plot-1 through pod 

length. Meanwhile, the number of pods plant-1 and 

weight of 100 seeds had an indirect effect throught 

number of pods (Table 4). 

Selection was carried out for 150 cowpea 

accessions based on the character of seed weight plot-

1 and 20% selection intensity. The selection limit for 

seed weight plot-1 is 267.5 g, accessions with seed 

weight plot-1 less than that value were not selected. 

The accessions obtained were 19 accessions with 

descriptions listed in Table 5. 

The selected accessions had a green hypocotyl. 

Purple flower color except MLGU 17180. Mostly 

ovate-shaped leaf except MLGU 17004 which 

lanceolate. Seed’s coat colour ranges from white to 

mixed. MLGU 17070, and MLGU 17180 had white 

seeds, as well as MLGU 17015, MLGU 17039, 

MLGU 17061, MLGU 17118, and MLGU 17118 

with cream-colored seeds that had the potential to be 

liked by public or industry as food raw materials. 

Selected accessions had higher seed weight plot-1 

than improved varieties except KT 9. Seems that 

weight of 100 seeds and number of pods plant-1 were 

causing factors the high value of seed weight plot-1. 

Accessions MLGU 17118 and MLGU 17180 had 

lower weight of 100 seeds value than other 

accessions, i.e. 9 g and 8 g. However, both accessions 

had a large number of pods plant-1, i.e. 72 and 78. 

This is in line with the path analysis results, the 

weight of 100 seeds and number of pods plant-1 could 

be used as selection criteria to support seed weight 

plot-1. 

 

 

4. CONCLUSION 

ILETRI’s cowpea germplasm collections have 

various characters, especially in seed coat colour. 

Most of them have an indeterminate growth type with 

an average seed weight plot-1 ranging from 45.6 g - 

346.58 g. Selection to obtain high seed weight plot-1 

could be carried out using number of pods plant-1 and 

weight of 100 seeds character. Both characters have 

high value of genetic variance, GCV, and broad sense 

heritability. These two characters have an indirect 

effect on seed weight plot-1 through number of seeds 

pod-1. Nineteen accessions were selected using 267.5 

g seed weight plot-1 as selection limit. The selected 

accessions had a higher seed weight plot-1 than 

released varieties except KT 9. 
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