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Abstract: We investigated the genetic control of the three yield components in 
cowpea: number of grains per pod, pod length and grain size, in a biparental 
cross. Genetic parameters were estimated in generations of a cross between 
two contrasting genitors, using a randomized complete block design with three 
replications. Narrow-sense heritability estimates varied from 27% to 67%, sug-
gesting that genetic gains can be achieved with selection. Pod length and grain 
size had the highest heritability values and genetic gains. The number of grains 
per pod is highly affected by the environment. Dominance was detected for 
all traits, mainly for pod length. However, additive gene effects accounted for 
more than 68% of the variation in all traits, which are controlled by at least 10 
genes. It is possible to improve the evaluated traits via conventional breeding 
approaches, although large population sizes will be required in breeding stages.
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INTRODUCTION

Cowpea [Vigna unguiculata (L.) Walp.] is a legume species of great agronomic 
potential due to its wide adaptability to diverse environmental conditions, low 
production costs and high nutritional value (Boukar et al. 2019, Araújo et al. 2022, 
Raina et al. 2023). The crop has been cultivated in more than 100 countries, 
mainly between 40º N and 30º S latitudes, and it is expected to fulfill dietary 
requirements under the current changing climate (Gonçalves et al. 2016). In 
Brazil, cowpea is produced through traditional and corporate farming, creating 
a significant socioeconomic impact (Freire-Filho et al. 2017).

The high genetic diversity within cowpea species creates a great genetic 
potential to be exploited. The genetic breeding of this crop is the main way to 
increase its yield (Boukar et al. 2019, Raina et al. 2023). As yield is a complex trait, 
highly affected by environmental conditions, dissection in its yield component 
traits is an important strategy to address its improvement. Thus, evaluation of 
these traits is commonly performed to provide bases for selection procedures 
(Dias et al. 2016, Raina et al. 2023). 

Although advances in cowpea breeding have contributed to expanding its 
cultivation in Brazil, there is a constant need to address market requirements. 
In addition to grain yield, important features of grains and pods are pursued by 
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cowpea breeding programs, being improved according to specific preferences of consumers and producers (Rocha et 
al. 2017, Boukar et al. 2019). There is large variation in grain size for the commercial types (Araújo et al. 2023), and the 
market preference for a certain type has cultural influence. For pod length and number of grains per pod, cultivars with 
long pods and many grains are more suitable for manual harvesting. On the other hand, small pods with fewer grains 
are preferable for mechanized systems, as they reduce the possibility of pod breaking and losses during the harvesting 
process (Rocha et al. 2017).

Large variations of heritability estimates have been found in genetic studies for yield components in cowpea. 
Estimates varying from 6.6% to 87.6% have been reported for narrow-sense heritabilities for the number of grains per 
pod, pod length and grain size in studies using six generations (Lopes et al. 2003, Egbadzor et al. 2013, Pathak et al. 
2017). Some studies have found four to eight genes controlling grain size (Lopes et al. 2003, Ayo-Vaughan et al. 2013, 
Egbadzor et al. 2013), while approximately six and five genes have been found for pod length and number of grains 
per pod, respectively (Ayo-Vaughan et al. 2013). Although there are some divergent findings, significances for additive, 
dominance and epistatic effects on these traits have been found (Lopes et al. 2003, Ayo-Vaughan et al. 2013, Egbadzor 
et al. 2013, Raut et al. 2017, Owusu et al. 2018, Edematie et al. 2021, Shinde et al. 2021). However, scarce studies of 
this nature have been performed with genotypes from Brazilian germplasm. 

Due to their continuous phenotypic distribution, yield components are expected to follow a quantitative inheritance, 
where different gene interactions may occur. Therefore, estimating the most important gene effects controlling these 
traits will provide valuable information to support local breeders in deciding on the adequate breeding methodology 
to conduct their populations. In this context, the objective of this study was to investigate the genetic control of the 
number of grains per pod, pod length and grain size in populations of a cowpea cross, involving genotypes from a 
Brazilian germplasm.

MATERIAL AND METHODS

Genetic materials and field trial
The cowpea cross was performed with two elite lines from the Embrapa Meio-Norte Germplasm Collection: MNC05-

828C-1-9-1 (P1) and MNC04-792F-146 (P2). The genotypes are contrasting for grain size, pod length and number of 
grains per pod. Generations F1 (P1 × P2), F2 (F1 × F1), BC1 (F1 × P1) and BC2 (F1 × P2) were obtained through controlled cross-
fertilizations in a screen house in Teresina, Piauí, at Embrapa Meio-Norte (lat 5º 02´ 21.36” S, long 42º 47´ 22.44” W) 
between the years 2015 and 2018. The same generations were obtained for the reciprocal cross P2 × P1: F1 reciprocal (P2 
× P1), F2 reciprocal (F1 reciprocal × F1 reciprocal), BC1 reciprocal (F1 reciprocal × P1) and BC2 reciprocal (F1 reciprocal × P2). 
Each F2 generation was obtained by self-fertilization of F1 generation plants.

A field trial was performed at Embrapa Meio-Norte (lat 5º 05´ 20” S, long 42º 48´ 05” W, alt 72 m asl), from October 
2018 to January 2019. All generations and the parents, totalizing 10 populations, were evaluated in a randomized 
complete block design with three replications. The seed samples of the generations were sown in rows with spacing 
of 0.80 m × 0.25 m between the rows and between the holes, respectively. Plots differed in size among generations 
due to seed availability, keeping the same plot sizes among blocks. Plots consisted of three 2.5 m rows for parents, one 
2.5 m row for F1 generation and for backcross generations, and fifteen 2.5 m rows for F2 population. All management 
practices were applied according to the crop requirements (Rocha et al. 2017). The type of soil in the experimental field 
is Ultisol with sandy loam texture. The total precipitation for the period of the experiment was 556.4 mm, with average 
minimum and maximum temperatures of 23.6 ˚C and 35.7 ˚C, respectively. 

For data collection, the weight of one hundred grains, pod length and the number of grains per pod were evaluated 
in ten competitive plants in each row. Grain size is determined by the trait weight of one hundred grains. Pod length 
and the number of grains per pod were obtained as a mean of a sample of five pods randomly collected in each plant. 
For each parent plot, only the middle row was assessed, resulting in ten plants per block. The final number of plants 
evaluated for other generations was reduced due to losses during the trial, not compromising the sample representation 
to perform the genetic study.



Genetic analysis of yield component traits in cowpea [Vigna unguiculata (L.) Walp.]

3Crop Breeding and Applied Biotechnology - 24(1): e46432413, 2024

Statistical analyses 
The Scott-Knott clustering (≤ 0.05) was applied to group the means of the ten populations to evaluate their performances 

and the differences between F1 and F2 generations and their reciprocal generations, as evidence for maternal effect. The 
means clustering was plotted using the R® software, version 4.3.2 (R Core Team 2023), with the aid of the ScottKnott 
package (Jelihovschi et al. 2014). A density plot with the phenotypic distribution of the F2 population for the traits was 
created using the ggplot2 package (Wickham 2016).

The genetic study was performed based on the Generation Mean and Variance Analysis with the following six 
populations: P1, P2, F1, F2, BC1 and BC2, according to Mather and Jinks (1974) and Cruz et al. (2012), using GENES software 
(Cruz 2013). The complete model was used for the estimation of genetic parameters, using the weighted least squares 
method. The parameters estimated were mean (m), the additive gene effect (a), the dominance gene effect (d), and the 
epistatic effects additive × additive (aa), additive × dominance (ad) and dominance × dominance (dd). 

The null hypothesis significance for each genetic parameter was evaluated by the t-test, while the contribution of 
each one to the total observed variation was analyzed by the non-orthogonal decomposition of the sum of squares 
applying the Gauss Elimination Method (Lopes et al. 2003, Cruz et al. 2012).

The Average Degree of Dominance (ADD) was estimated through the equation ADD = 2F1̅ –(P̅1 + P̅2)
(P̅1 – P̅2)

, using the F1 

generation mean (F1̅) and means of parents (P̅1 and P̅2). The minimum number of genes controlling each trait was 

estimated with the expression n = R2

8σ2
a

, using the total phenotypic range in F2 population (R) and the additive variance 
(σ2

a) (Cruz et al. 2012).

Broad-sense heritability (h2
b) was obtained through the formula h2

b = σ2
g

σ2
p

 100, in which σ2
g is the total genotypic 

variance and σ2
p is the phenotypic variance, whose environmental variance was calculated by the expression σ2

e = ¼ (2σ2
F1 

+ σ2
P1 + σ2

P2). Narrow-sense heritability (h2
n) was obtained with the expression h2

n = σ2
a

σ2
p

 100, in which σ2
a is the additive 

variance, calculated with the equation σ2
a = 2 σ2

F2 – (σ2
BC1 + σ2

BC2), and σ2
p is the phenotypic variance. Expected gain (ΔG) 

in the F3 generation, considering the selection of 20% of F2 plants, was estimated by the model ΔG = h2
n. sd, in which h2

n 
is the narrow-sense heritability and sd is the selection differential, calculated by the difference between the original F2 
population mean and the selected population mean. 

RESULTS AND DISCUSSION

The cross MNC05-828C-1-9-1 × MNC04-792F-146 showed contrast between means of the parents for three traits 
(Figure 1), enabling the procedure for the genetic study with its populations. The phenotypic distribution of all traits 
in F2 plants is typical of quantitative inheritance, presenting a normal curve and indicating the presence of individuals 
superior to the parents of higher performance (Figure 2). Such transgressive segregants facilitate the achievement of 
greater genetic gains in the breeding programs. Differences between F1 and F2 generations and their reciprocals were 
not found (Figure 1), suggesting that maternal gene effect is not evident for all traits. Owusu et al. (2020) also identified 
absence of maternal effect for pod length and seeds per pod, but presence for seed weight in cowpea populations. 
Therefore, selection can be started in F2 population to take advantage of the wide genetic variability in this generation. 

The weight of one hundred grains and the number of grains per pod showed means of the F1 and F2 generations 
between the parent values, pointing to the presence of additive gene action in the inheritance of these traits (Table 
1). Presence of heterosis and dominance action is clearly observed for pod length, whose F1 generation obtained a 
higher mean than F2 and the parent with longer pods. Lachyan et al. (2016) also indicated the presence of dominance 
and transgression due to the superiority of the F2 mean for pod length compared to the parents, while Edematie et al. 
(2021) noticed the dominance with the reduction of F2 performance. For three traits, the difference between BC1 and 
BC2 means suggests a differential contribution of the parents to the progenies. Backcrosses with higher performance 
are the result of crossing F1 with the superior parent, which must have contributed with more favorable alleles for this 
generation. This result demonstrates the importance of choosing appropriate genitors for hybridization in breeding 
programs. In addition, the backcross means are between the F1 mean and the mean of the backcrossed parent (Table 
1), which according to Ribeiro et al. (2014) reinforces the credibility of genetic parameter estimates in the genetic study.
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The three traits showed good variability, with Genotypic Coefficients of Variation (CVg) from 11.3 to 20.81% (Table 
2). The Environment Coefficients of Variation (CVe) varied from 7.13 to 19.97%, representing high to intermediate 
experimental precisions. CVg/CVe ratios higher than the unit were found for the traits, indicating the possibility of 
selecting individuals with accuracy and efficiency (Vencovsky et al. 2012, Pathak et al. 2017), except for the number of 
grains per pod, which showed greater importance for the environment effect. According to Resende and Duarte (2007), 

Figure 1. Means grouping of the weight of one hundred grains (WHG), pod length (PL) and number of grains per pod (NGP) evaluated 
in ten cowpea populations of the cross MNC05-828C-1-9-1 × MNC04-792F-146, with standard deviation for repetition means. Means 
followed by the same letter do not differ from each other by the Scott-Knott test (P < 0.05). F1 R: F1 reciprocal; F2 R: F2 reciprocal; BC1 
R: BC1 reciprocal; BC2 R: BC2 reciprocal.

Figure 2. Frequency distribution in F2 and F2 reciprocal plants for the weight of one hundred grains (WHG), number of grains per pod 
(NGP) and pod length (PL) of the cowpea cross MNC05-828C-1-9-1 × MNC04-792F-146.
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the Relative Coefficient of Variation bellow 1 may represent 
a good scenario for selection depending on the number of 
replications in the trial. For a CVg/CVe ratio of 0.90 under 3 
replications, a selection accuracy of 0.84 is achieved. Thus, 
good selection accuracy is expected even for the number 
of grains per pod.

These results corroborate the broad-sense heritability 
coefficients found in this study (Table 2). High magnitude is 
shown for the weight of one hundred grains and pod length 
(70.91% and 71.51%, respectively), showing that most of 
the phenotype is assigned to genetic causes and indicating 
the possibilities of genetic gains for the traits through 
selection. Furthermore, most of this heritability is due to 
additive variance, resulting in narrow-sense coefficients 
of 46.05% and 67.63% for both traits, respectively (Table 
2). The superiority of this variance indicates facility in the 
identification of superior genotypes and favors the breeding 
of self-fertilizing crops (Dias et al. 2016, Melo et al. 2018). 

For the number of grains per pod, the environmental 
variance was higher than that of genetic nature, resulting in 
a low proportion of broad- and narrow-sense heritabilities 
(47.29% and 27.57%, respectively) (Table 2). Thus, the phenotype has poor reliability for selecting superior genotypes, 
hindering the breeding process for this trait. On the other hand, more than half of the genetic variation has additive 
nature, showing the possibility of obtaining superior inbred genotypes from selection in populations derived from F2. 
Thus, depending on the environmental conditions, superior individuals can produce superior progenies for this trait. Large 
range of heritability coefficients has been found in genetic studies conducted with six generations in cowpea. For grain 
size, variations of 20.45-92.15% and 8.36-85.69% are found for broad- and narrow-sense heritability, respectively. For 
pod length, broad-sense heritabilities varying from 23.42 to 82.37% and narrow-sense heritabilities from 7.65 to 53.22% 
have been reported. For the number of grains per pod, variations of 38.68-91.04% have been reported for broad-sense 
heritability, while variations of 6.60-87.65% can be found for the narrow-sense heritability (Lopes et al. 2003, Alidu et 
al. 2013, Egbadzor et al. 2013, Pathak et al. 2017). Differences in the heritability coefficients of these traits demonstrate 
the specificity of this parameter for each population, which depends on the genetic background and the environment 
in which they are being evaluated. Therefore, it is important to perform genetic studies in populations from a breeding 
program in order to assess their potential for breeding.

The average degrees of dominance found in this study varied between low and high values (Table 2). The value for 
grain size was positive and almost null (0.025), which reflects a small presence of dominance in the trait expression, 

Table 1. Number of plants (N), mean (ū) and variance (σ2̂) for yield components evaluated in six populations (P1, P2, F1, F2, BC1 and 
BC2) of the cross MNC05-828C-1-9-1 × MNC04-792F-146

Populations
WHG (g) PL (cm) NGP

N ū σ̂2 ū σ̂2 ū σ̂2

P1 30 25.77 7.62 13 1.38 5.73 2.27
P2 30 15.72 3.59 18 1.31 12.20 4.64
F1 14 20.87 9.61 19 1.54 9.37 3.28
F2 326 20.29 26.17 16 5.06 8.88 6.40
BC1 21 21.94 20.4 16 3.65 7.75 5.52
BC2 21 19.64 19.88 19 3.05 11.25 5.50

WHG, weight of one hundred grains; PL, pod length; NGP, number of grains per pod.

Table 2. Estimates of variances and genetic parameters for yield 
components evaluated in six populations (P1, P2, F1, F2, BC1 and 
BC2) of the cowpea cross MNC05-828C-1-9-1 × MNC04-792F-146

Parameters
Estimates

WHG (g) PL (cm) NGP
Phenotypic variance 26.17 5.06 6.4
Environment variance 7.61 1.44 3.37
Genotypic variance 18.56 3.62 3.02
Environmental coefficient of variation (%) 13.32 7.13 19.97
Genotypic coefficient of variation (%) 20.81 11.3 18.9
Coefficient of variation ratio 1.56 1.58 0.94
Additive variance 12.05 3.42 1.76
Dominance variance 6.50 0.2 1.26
Broad-sense heritability (%) 70.91 71.51 47.29
Narrow-sense heritability (%) 46.05 67.63 27.57
Average degree of dominance 0.025 -1.42 -0.12
Number of genes 10.71 10.07 10.88
Expected gain with selection* 3.55 2.1 1.04
Predicted mean in F3 after selection 23.84 18 9.92

WHG, weight of one hundred grains; PL, pod length; NGP, number of grains per pod. 
* Expected gain with selection of 20% of plants in F2 generation.
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directed towards the expression of greater grain size. For the number of grains per pod, the average degree of dominance 
was low and negative (-0.12), revealing a low participation of dominant alleles in the inheritance, which occurs towards 
fewer seeds per pod. High magnitude of the average degree of dominance was obtained for pod length (-1.42), 
evidenced by the hybrid vigor presented by F1 generation. The negative value of the estimate suggests that short pods 
were dominant over long pods. While additive effects are particularly interesting for breeders of autogamous species 
(Dias et al. 2016), dominance is a limiting factor to develop pure lines through early-generation selection. Therefore, 
selection in advanced generations is a good strategy to obtain a fixed population and avoid the interference of non-
additive effects (Melo et al. 2018).

The estimated minimum number of genes was similar between traits: approximately 11 for grain size and for number 
of grains per pod, and 10 for pod length, featuring a polygenic trait control (Table 2). Lopes et al. (2003) found five genes 
controlling grain size in cowpea, while Ayo-Vaughan et al. (2013) reported four and Egbadzor et al. (2013) estimated 
eight genes. Ayo-Vaughan et al. (2013) also obtained estimates of 5.72 and 4.77 genes for pod length and number of 
grains per pod, respectively. Although the estimate of the number of genes is based on a series of assumptions, this 
information is useful as an indication of the trait polygenic or oligogenic nature and as a reference to the probability of 
obtaining a desired genotype in a segregating population (Cruz et al. 2012). The quantitative inheritance of the studied 
yield components suggests that large breeding populations will be required to find genotypes with a higher concentration 
of favorable alleles.

The additive variation of the populations allowed the estimation of expected gains with the selection of 20% of 
plants in F2 generation. The gain for the weight of one hundred grains was 3.55 g, with predicted mean for the next 

Table 4. Analysis of variance by non-orthogonal decomposition of the sum of squares (SS) of parameters applying the Gauss Elimina-
tion Method, based on the means of yield components evaluated in six populations (P1, P2, F1, F2, BC1 and BC2) of the cross MNC05-
828C-1-9-1 × MNC04-792F-146

Variation Source
WHG (g) PL (cm) NGP

SS R2 (%) SS R2 (%) SS R2 (%)

m 38.9 12.41 103.061 27.68 17.00 8.31

a 270.19 86.17 252.71 67.88 18.36 88.61
d 0.21 0.07 6.24 1.68 2.14 1.05
aa 0.43 0.14 8.62 2.32 2.55 1.25

ad 3.69 1.18 1.01 0.27 0.12 0.06

dd 0.10 0.03 0.62 0.17 1.47 0.72

Total 313.55 100 372.3 100 204.66 100

m, mean of all possible homozygotes; a, measure of the additive genetic effect; d, measure of the dominance genetic effect; aa, measure of the genic interaction additive 
× additive; ad, measure of the genic interaction additive × dominance; dd, measure of the genic interaction dominance × dominance; S.S., Sum of squares; R2, determina-
tion coefficient. 

WHG, weight of one hundred grains; PL, pod length; NGP, number of grains per pod.

Table 3. T test of the null hypothesis significance for the genetic parameters based on the means of yield components evaluated in 
six populations (P1, P2, F1, F2, BC1 and BC2) of the cross MNC05-828C-1-9-1 × MNC04-792F-146

Effect1
WHG (g) PL (cm) NGP

Estimate σ̂2 t Estimate σ̂2 t Estimate σ̂2 t
m 18.04 9.05 6.23** 0.1262 1.55-4 10.15** 6.48 2.47 4.12**

a 5.02 0.093 16.43** -0.023 0.2-5 -15.89** -3.23 0.057 -13.46**

d 4.01 75.74 0.46 0.089 12.79-4 2.49* 6.70 20.92 1.46
aa 1.97 8.95 0.66 0.036 1.52-4 2.93** 2.48 2.41 1.59
ad -5.45 8.04 -1.92 -0.011 1.37-4 -1.008 -0.53 2.33 -0.35
dd -1.9 35.10 -0.32 -0.019 5.88-4 -0.79 -3.81 9.89 -1.21

1 m, mean of all possible homozygotes; a, measure of the additive genetic effect; d, measure of the dominance genetic effect; aa, additive × additive gene interaction ef-
fect; ad, additive × dominance gene interaction effect; dd, dominance × dominance gene interaction effect; σ2̂, standard error variance. * and ** Significant at 5% and 1% 
of probability, respectively, by the t-test. WHG, weight of one hundred grains; PL, pod length; NGP, number of grains per pod.
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breeding cycle of 23.84 g (Table 2). In addition, it is possible to obtain 2.1 cm of pod length and one grain per pod in the 
next cycle. An average pod length of 18 cm and an average number of grains per pod of approximately 10 are expected 
for the next generation. The low heritability of the number of grains per pod promoted a reduced gain with selection.

The t-test showed significance (P < 0.05) of the mean and the additive components of the complete model for three 
traits, while the additive ´ additive interaction and the dominance effects were significant only for pod length (Table 3). 
According to Edematie et al. (2021), just like the additive component, the additive ´ additive component of epistasis is 
fixable, being easily exploited for the development of cowpea lines. However, the dominance effect hinders standard 
breading approaches, as the trait tends to decrease its performance as generations are advanced. 

The non-orthogonal decomposition of the sum of squares of the genetic parameters showed that the mean and the 
additive gene effects have a greater contribution in determining the evaluated yield components (Table 4). The additive 
genetic parameter explained more than 67.88% of the total observed variation. Consequently, the gene effects resulting 
from dominance and epistasis, detected for pod length, were less important for the trait expression. Owusu et al. (2018) 
and Shinde et al. (2021) also reported greater contribution of additive effects in the inheritance of pod length. Lopes et 
al. (2003) and Owusu et al. (2018) found the same result for grain size. On the other hand, Shinde et al. (2021) found 
greater importance of non-additive components for pod length, while Ayo-Vaughan et al. (2013) and Raut et al. (2013) 
found the same for these traits. Additionally, importance for additive, dominance and epistatic effects has been found 
for pod length and grain size (Egbadzor et al. 2013, Edematie et al. 2021) and for the number of grains per pod in cowpea 
(Edematie et al. 2021). For this latter situation, Egbadzor et al. (2013) suggested that selection should be performed from 
segregating populations to advanced generations. Contradicting results between reports could be attributed to differences 
in the genetic materials or in the statistical methodologies used among studies. Overall, the variability observed in the 
populations resulted mainly from additive gene effects, involving a cross derived from genotypes adapted to Brazilian 
conditions. Therefore, it is possible to develop superior lines for the traits through selection of plants derived from F2 
populations, since the additive variance is responsible for the fixation of favorable alleles with the inbreeding increase 
(Vencovsky et al. 2012, Edematie et al. 2021). 

From this perspective, variability in the studied populations allows breeding for these yield components in both 
directions of selection, taking into account the market demand that the breeder intends to address. Grain size is a trait 
that will respond effectively to standard breeding methodologies due to its high heritability and contribution of additive 
gene effects. As pod length showed a high average degree of dominance and the number of grains per pod is highly 
affected by the environment, selection for these traits might face some strains, especially in early generations. Still, 
greater contribution of additive gene effects is found for all traits, accounting for more than 67.88% of the variation, 
which enables the use of standard breeding approaches to improve the yield components. However, the quantitative 
inheritance implies that large population sizes will be required to develop cowpea lines with favorable genes. 
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