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Abstract. Mau YS, Ndiwa ASS, Bunga W, Abidin Z, Harini TS, Oematan SS, Roefaida E, Taloim A, Gadji A, Risnawati M, Nana RA. 2023. 
Inheritance of seed coat color and heritability of agronomic characters of F2 population of reciprocal crosses between Fore Belu and Local 
Sabu mungbean varieties. Biodiversitas 24: 2647-2656. Mungbean (Vigna radiata (L.) R.Wilczek) is an important pulse crop well 
adapted to the agro-climatic conditions of East Nusa Tenggara Province, Indonesia. However, the productivity of mungbean in East 
Nusa Tenggara is low (~0.5 t ha-1). Plant breeding programs can overcome this problem by assembling superior varieties. This study 
aimed to determine the genetic control of seed coat color and heritability of agronomic traits of F2 population of reciprocal crosses 

between Fore Belu and Local Sabu mungbean varieties. The observed data included seed coat color and agronomic traits. Seed coat 
color was subjected to chi-square analysis while agronomic traits were subjected to a simple statistical analysis. The results showed that 
seed coat color was controlled by one co-dominant gene. The plant heights of F2 fell between the two parental means while the number 
of pods and seed weight fell below the two parental means. The F2 values range was wide and the maximum F2 values were above the 
parental means. The phenotypic and genetic variability was wide while either the phenotypic diversity or genetic diversity was moderate 
to high. The heritability values of the six observed traits were high. The highest was observed on the harvesting date (0.92 and 0.94 for 
reciprocal crosses), whereas the lowest was on seed weight per plant (0.50 and 0.58 for reciprocal crosses).  
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INTRODUCTION 

Mungbean (Vigna radiata (L.) R. Wilczek) is a widely 

cultivated pulse crop well adapted to the semi-arid agro-

climatic conditions of East Nusa Tenggara (ENT) Province, 

Indonesia. This crop is usually planted as a second-season 

crop after maize and rice. Mungbean grain is known to 

contain high nutritional values, especially protein, vitamin 

B, carbohydrates, folic acid, iron, and phenolic compounds 

(Xie et al. 2019). Mungbean is also known as a 

legume/pulse crop that can enrich soil fertility through the 

fixation of atmospheric nitrogen (N2) in symbiosis with 

rhizobium bacteria in the soil (Yimram et al. 2009). Thus, 
mungbean is one of the most important legume crops due 

to its contribution to crop diversification and sustainable 

agriculture, most specifically in the semi-arid dryland 

agriculture regions in the tropics.  

The mean productivity of mungbean in ENT at the 

farmer level is still low (~0.5 t ha-1), while that at the 

national level is ~1.18 t ha-1 (BPS 2019). As a comparison, 

mungbean mean productivity at the experimental farm 

level in ENT Province could reach about 1.24 t ha-1 (Mau et 

al. 2017) while the potential yield of superior national 

varieties can reach up to 2.5 t ha-1 (Balitkabi 2016). The 
low yielding ability of local cultivars is caused by poor 

cultivation techniques, drought stress, low yielding ability, 

and pest and pathogen infestations. Except for poor 

cultivation techniques, the other mentioned problems can 

be overcome through plant breeding programs. The 

assembly of superior varieties can be done through various 

ways, such as crosses/hybridizations utilizing parental 

varieties with superior traits, including those of local 

varieties (Fehr 1993; Simmonds and Smartt 1999). 

About 25 superior mungbean varieties have been 

released by The Indonesian Ministry of Agriculture from 

1945 to 2016. Meanwhile, cultivated varieties of mungbean 

in ENT Province are mostly local cultivars. Fore Belu is a 

local mungbean variety of ENT Province that has been 
released as a national variety (Muge et al. 2005), which is 

known for its soft seed texture and high mean yields but the 

weakness is its long duration (70-90 days) (Mau and Bunga 

2021), while most national superior varieties are early 

maturing with harvesting date of around 58-70 days after 

planting (Balitkabi 2016). The Local Sabu variety is 

another local mungbean variety of ENT Province, known 

for its black seed coat color. The black color of the seed 

coat of legumes indicates the presence of polyphenolic 

compounds such as flavonoids and anthocyanin which are 

known to be highly beneficial to human health as an 
antioxidant, anti-tumor, anti-cancer, anti-hypertension, and 

can protect the liver, anti-diabetic, anti-cholesterol, etc. 

(Chávez-Santoscoy et al. 2013; Tsamo et al. 2019; Lim et 
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al. 2021; Damián-Medina et al. 2022). 

Hou et al. (2019) proposed the black seed coat 

mungbean as a superior variety with high antioxidant 

content as a source of healthy functional food, which shows 

the importance of black seed coat mungbean for human 

health. Besides its black seed coat color, the Local Sabu 

mungbean cultivar also possesses desirable traits such as 

short duration (45-50 days) (Mau and Bunga 2021), 

although the mean yield is still low. Thus, Fore Belu and 

Local Sabu varieties were hybridized to produce a superior 
variety that combines the desirable traits of the two 

varieties. Information on genetic control and the heritability 

of a desirable trait is useful for the breeders to choose the 

most appropriate method and time for selecting the 

desirable trait (Fehr 1993; Simmonds and Smartt 1999). 

The superior traits selected in the mungbean 

segregating populations of Fore Belu and Local Sabu 

reciprocal crosses included qualitative traits. Effective 

selection requires high genetic diversity of the traits under 

selection. Thus, assessment of a trait's genotypic and 

phenotypic variability in a segregating population is 
essential to effectively select the genotypes that harbor 

desirables trait (Ha and Lee 2019; Mogali and Hedge 

2020). This study aimed to determine the genetic control of 

seed coat color and to determine the heritability of 

agronomic characters of F2 populations of reciprocal 

crosses between Fore Belu and Local Sabu mungbean 

varieties.  

MATERIALS AND METHODS 

Research site 

This study was carried out in the Integrative 

Archipelagic Dryland Field Laboratory of Universitas Nusa 

Cendana, Indonesia (10.15452° S and 123.66993° E, 110 m 

asl.) from May to August 2022. The soil type of the study 

site was Entisol with a clay-loam texture (Mau et al. 2019).  

Plant materials  

The plant material used in this study included two 

parental lines (Fore Belu and Local Sabu), F1 plants and F2 
families of reciprocal crosses between Fore Belu and Local 

Sabu varieties (Table 1).  

Research design 

The experiment was carried out using a Randomized 

Block Design consisting of the mungbean genotype as 

treatment. The treatments included two parental materials 

(Fore Belu and Local Sabu), F1.1 plants of Fore Belu (♀) x 

Local Sabu (♂) cross, F1.2 plants of Local Sabu (♀) x Fore 

Belu (♂) cross, 10 F2.1 families of Fore Belu (♀) x Local 

Sabu (♂) cross, and 10 F2.2 families of Local Sabu (♀) x 

Fore Belu (♂) cross (Table 1). Each F2 family was derived 
from a single F1 plant of the reciprocal crosses. In total, 24 

mungbean genotypes/populations were evaluated, and each 

genotype was grown in two plots as replicates, thus, total of 

48 experimental units were evaluated. The planting area 

was cleared of weeds and debris and plowed using a hand 

tractor. The experimental field was divided into two blocks 

as replicates, each consisted of 24 plots of 1.5 m x 1.5 m 

size. Within-block distance was 2 m while within plot 

distance was 0.5 m.   
 

 
Table 1. Plant materials employed in the present study 
 

Genotype code Origin Source 

FB (Fore Belu) Parental line / Belu District Belu District, ENT Province 
LS (Local Sabu) Parental line / Sabu-Raijua District Sabu-Raijua District, ENT Province 
F1.1. F1 seeds of Fore Belu (♀) x Local Sabu (♂) Universitas Nusa Cendana 
F1.2. F1 seeds of Local Sabu (♂) x Fore Belu (♀)  Universitas Nusa Cendana 
FBLS.2.1 F2 seeds of Fore Belu (♀) x Local Sabu (♂) Universitas Nusa Cendana 
FBLS.2.2 F2 seeds of Fore Belu (♀) x Local Sabu (♂) Universitas Nusa Cendana 
FBLS.2.3 F2 seeds of Fore Belu (♀) x Local Sabu (♂) Universitas Nusa Cendana 
FBLS.2.4 F2 seeds of Fore Belu (♀) x Local Sabu (♂) Universitas Nusa Cendana 
FBLS.2.5 F2 seeds of Fore Belu (♀) x Local Sabu (♂) Universitas Nusa Cendana 

FBLS.2.6 F2 seeds of Fore Belu (♀) x Local Sabu (♂) Universitas Nusa Cendana 
FBLS.2.7 F2 seeds of Fore Belu (♀) x Local Sabu (♂) Universitas Nusa Cendana 
FBLS.2.8 F2 seeds of Fore Belu (♀) x Local Sabu (♂) Universitas Nusa Cendana 
FBLS.2.9 F2 seeds of Fore Belu (♀) x Local Sabu (♂) Universitas Nusa Cendana 
FBLS.2.10 F2 seeds of Local Sabu (♀) x Fore Belu (♂)  Universitas Nusa Cendana 
LSFB.2.1 F2 seeds of Local Sabu (♀) x Fore Belu (♂)  Universitas Nusa Cendana 
LSFB.2.2 F2 seeds of Local Sabu (♀) x Fore Belu (♂)  Universitas Nusa Cendana 
LSFB.2.3 F2 seeds of Local Sabu (♀) x Fore Belu (♂)  Universitas Nusa Cendana 

LSFB.2.4 F2 seeds of Local Sabu (♀) x Fore Belu (♂)  Universitas Nusa Cendana 
LSFB.2.5 F2 seeds of Local Sabu (♀) x Fore Belu (♂)  Universitas Nusa Cendana 
LSFB.2.6 F2 seeds of Local Sabu (♀) x Fore Belu (♂)  Universitas Nusa Cendana 
LSFB.2.7 F2 seeds of Local Sabu (♀) x Fore Belu (♂)  Universitas Nusa Cendana 
LSFB.2.8 F2 seeds of Local Sabu (♀) x Fore Belu (♂)  Universitas Nusa Cendana 
LSFB.2.9 F2 seeds of Local Sabu (♀) x Fore Belu (♂)  Universitas Nusa Cendana 
LSFB.2.10 F2 seeds of Local Sabu (♀) x Fore Belu (♂)  Universitas Nusa Cendana 
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Cultivation and observed parameters 

Each mungbean genotype was planted with two seeds 

per planting hole, but only one plant was retained from one 

week after planting until harvesting. The planting distance 

was 30 cm x 30 cm, so each plot consisted of 25 plants. An 

NPK (16:16:16) compound fertilizer was applied at 

planting time with a rate of 200 kg ha-1. Irrigation was 

provided daily during crop growth and development. 

Weeding was carried out manually, pests were controlled 

using the insecticide spray using Decis (25 EC) at two 
weeks and three weeks after planting to control Aphis 

craccivora Koch 1854, while the fungicide Trivia (73 WP) 

was sprayed once at four weeks after planting to control the 

Cercospora leaf spot disease caused by Cercospora 

canescens Ellis & G. Martin. Pod harvesting was done 

when about 80% of the pods in each plant within the plot 

turned black and easy to explode.  

Observed variables included plant height at flowering 

(cm) and plant height at harvesting (cm), harvesting date 

(days after planting/DAP), number of pods per plant (pod), 

seed weight per plant (g), and seed coat color. Observations 
were made on 20 plants of each parental line, 10 plants of 

F1.1., and 10 plants of F1.2. In the F2 generations of Fore 

Belu x Local Sabu cross, 150 plants producing seeds were 

observed, while in the Local Sabu x Fore Belu cross, 170 

plants were observed. In total, 320 F2 plants were 

observed. 

Data analysis 

Data on the seed coat color of the parental lines, F1 

plants, and F2 plants were classified into three classes, i.e., 

black, green, and black-green mottle. They were subjected 

to chi-square analysis to determine the genetic 
control/inheritance of the trait. The observed data of 

quantitative characters of the F2 population were used to 

calculate genetic parameters, such as mean, variance, 

standard deviation, range, and phenotypic variability. In 

addition, the agronomical traits data were subjected to 

statistical analysis to determine the mean, range, minimum 

and maximum values, phenotypic variances, genotypic 

variance, genetic diversity coefficient, phenotypic diversity 

coefficient, and heritability values of the traits.  

Broad sense heritability was calculated following the 

formula described by Stansfield (1991) as follows:  

h2 = 2
G /2

P 

2
P = 2

G + 2
E 

2
E = (2

 Parent 1+ 2
 Parent 2)/2 

2
P = 2

F2 

Where 2
G: genotypic variance, 2

P: phenotypic variance, 

2
E: environmental variance, and the heritability was then 

classified into high (h2≥0.5), moderate (0.2<h2<0.5), and 

low (h2≤0.2). 

The genetic Coefficient of variation and phenotypic 

coefficient of variation were calculated according to 
Moedjiono and Mejaya (1994) as follows: 

GDC = (2
G/ ) x 100% 

PDC = (2
P/ ) x 100% 

Where GDC: genetic diversity coefficient, 2
G: 

genotypic variance, : population mean, PDC: phenotypic 

diversity coefficient, and 2
P: phenotypic variance. GDC 

and PDC were classified into low (GDC/PDC≤25%), 

moderately low (25 <GDC/PDC≤ 50%), moderately high 

(50 <GDC/PDC≤ 75%), and high (75 <GDC/PDC≤ 100%) 

(Moedjiono and Mejaya 1994). Principal Component 

Analysis (PCA) was also performed employing the 

observed quantitative characters to see the genetic 

divergence of the F2 population and reveal the characters 

mostly responsible for the observed variation. All data 

analysis was performed using a Microsoft Excel program 

version 2016.  

RESULTS AND DISCUSSION 

Inheritance of seed coat color 

The qualitative trait observed in this study was seed 

coat color, as the two parents used in the crosses had 

different seed coat colors, green in Fore Belu and black in 

Local Sabu (Figure 1). Therefore, reciprocal crosses 

between Fore Belu and Local Sabu were carried out to 

determine the genetic control of the trait. As a result, the 

seed coat color of all F1 plants was green and black 

mottled, while that of the F2 population fell into three 

classes, namely green, green and black mottle, and black 
(Figure 1). The results showed three phenotypic classes of 

seed coat color in the F2 population. Thus, two hypotheses 

of inheritance of seed coat color traits were proposed, i.e., 

one gene pair with codominant gene action or two non-

allelic genes with epistatic gene action. The one gene pair 

hypothesis was 1:2:1 for seed color segregation of green, 

green and black mottle, and black, while the two gene pairs 

hypothesis followed the segregation ratios of 9:4:3, 12:3:1, 

9:6:1 and 7:6:3 for green, green and black mottle and black 

seed coat colors. The hypothesis was tested using the chi-

square test (χ2) (Table 2). 

 
 

 
 

Figure 1. The seed coat color of Fore Belu (FB: green), Local 

Sabu (LS-black), F1 (green-black mottle), and F2 (left to right: 
green, green-black mottle, and black) 

2 cm 

FB x LS 

FB  LS 

F1  

F2  F2  F2  
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Table 2. Chi-square (χ2) analysis of seed coat color trait in the F2 population of reciprocal crosses between Fore Belu and Local Sabu 
mungbean varieties 

 

Hypotheses 
Observed Expected 

χ2 (calculated) P (0.05)1 
Green Green & black mottle Black Green Green & black mottle Black 

Fore Belu (♀) x Local Sabu (♂)       
One gene         
   1:2:1 41.0 80.0 29.0 37.50 75.00 37.50 1.33ns 0.51 

Two genes         
   9:4:3 41.0 80.0 29.0 84.38 37.50 28.13 30.61* <0.0001 
   12:3:1 41.0 80.0 29.0 112.50 28.13 9.38 68.51* <0.0001 
   9:6:1 41.0 80.0 29.0 84.38 56.25 9.38 29.55* <0.0001 
   7:6:3 41.0 80.0 29.0 65.63 56.25 28.13 9.68* 0.087 
         

Local Sabu (♀) x Fore Belu (♂)       
One gene         

   1:2:1 35.0 87.0 48.0 42.5 85.0 42.5 1.067ns 0.59 
Two genes         
   9:4:3 35.0 87.0 48.0 127.5 31.9 10.6 103.7* <0.0001 
   12:3:1 35.0 87.0 48.0 95.6 42.5 31.9 47.04* <0.0001 
   9:6:1 35.0 87.0 48.0 95.6 63.8 10.6 56.42* <0.0001 
   7:6:3 35.0 87.0 48.0 75.3 64.5 32.3 21.25* <0.0001 

Note:1 χ2 (0.05,1) = 3.84 and χ2 (0.05, 2) = 5.99, ns: not significant at 5% significance level (P>0.05), *Significant at 5% significance 
level (P<0.05) 

 
 

 

The χ2 analysis results showed that for the Fore Belu x 

Local Sabu cross, the calculated χ2 was 1.33 (P=0.51), 

which is not significantly different (P>0.05) from the 1:2:1 

segregation ratio. In contrast, the calculated χ2 for the two-

gene pairs segregation ratios, i.e., 30.61, 68.51, 29.55, and 

9.68, respectively, were significantly different (P<0.05) 

from the seed coat color segregation pattern hypothesis of 

9:4:3, 12:3:1, 9:6:1 and 7:6:3. Thus, the results revealed 

that the seed coat color segregation pattern in the F2 
population of Fore Belu cross (♀) x Local Sabu (♂) cross 

followed the segregation pattern of one gene pair 1:2:1, 

which indicates that the seed coat color trait in this cross is 

controlled by mono-gene with codominant gene action. A 

similar segregation ratio was observed on F2 population of 

the Local Sabu (♀) x Fore Belu (♂), suggesting monogenic 

inheritance with codominant gene action as observed in its 

reciprocal cross. As the results of reciprocal crosses (Fore 

Belu (♀) x Local Sabu (♂) and Local Sabu (♀) x Fore Belu 

(♂)) were similar, there was no cytoplasmic effect in the 

inheritance pattern of this trait. Hence, the trait is 

controlled by a nuclear gene. In other words, the direction 
of the cross does not affect the phenotypic expression of 

seed coat color traits; thus, the individual F2 plants from 

reciprocal crosses can be pooled/combined and used for 

selection in the next generations.  

Population parameters of quantitative characters 

The quantitative characters observed in this study 

included plant height at flowering (PHF), plant height at 

harvesting (PHH), harvesting date (HD), number of pods 

per plant (NP/P), and seed weight per plant (SW/P). The 

population parameters of the observed quantitative characters 

of the F2 population included mean, variance, standard 
deviation, range, and phenotypic variability (Table 3). The 

result shows that for the Fore Belu (♀) x Local Sabu (♂) 

cross, the means of the three parameters, namely PHF, 

PHH and HD, ranged between the mean of the two parental 

lines. In contrast, the means of NP/P and SW/P were lower 

than those of the two parents, but in general, the five 

characters had a wide range of means, with the maximum 

mean values above that of the two parents. This implies the 

segregation of these characters in the F2 population. A 

similar situation did occur in the reciprocal cross, Local 

Sabu (♂) x Fore Belu (♀), indicating that the direction of 

the crosses did not affect the expression of the observed 
quantitative characters. 

The means of plant height of F2 plants at flowering 

(PHF) of the reciprocal crosses (35.15 cm and 34.73 cm) 

were shorter than that of the parental line Fore Belu (40.0 

cm), but almost similar to that of Local Sabu (34.0 cm). 

Similarly, the plant height at harvesting (PHH) of the F2 

plants (56.41 cm and 52.93 cm) was shorter than that of 

Fore Belu (67.0 cm), but close to that of Local Sabu (55.0 

cm). Meanwhile, the means of harvesting date of F2 plants 

of the reciprocal crosses (58.14 DAP and 57.27 DAP) was 

close to that of Local Sabu (59.0 DAP), but shorter than 

that of Fore Belu (64.0 DAP) (Table 3).  
The means of the number of pods per plant (NP/P) of 

F2 reciprocal crosses (25.97 pods and 24.16 pods) were 

lower than that of Fore Belu (43.8 pods) and Local Sabu 

(33.8 pods). Furthermore, the means of seed weight per 

plant (SW/P) of the F2 populations (17.22 g and 15.16 g) 

were also lower than that of Fore Belu (26 g) and Local 

Sabu (20.5 g). Nevertheless, the maximum values of these 

characters of the F2 populations were higher than those of 

the two parental lines. Thus, there is an opportunity for 

these maximum values to be selected in the next generation 

to produce lines with desired superior traits. The phenotypic 
variability values of the six quantitative characters fell into 

a wide variability category. This wide variability category 

indicates a high level of diversity, which may occur 

because the F2 populations are segregating populations 
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with the maximum level of heterozygosity. This high degree 

of variability provides an opportunity to select the desired 

traits. 

Genetic parameters of quantitative characters 

The genetic parameters of the F2 populations were 

calculated using the observed quantitative/agronomic 

characters/traits. The estimated genetic parameters of the 

observed quantitative characters included phenotypic 

variance and environmental variance are presented in Table 

4. The results revealed that the broad sense heritability 
values ranged from 0.58 to 0.94 for Fore Belu (♀) x Local 

Sabu (♂) cross, and 0.50 to 0.92 for Local Sabu (♀) x Fore 

Belu (♂) cross. The heritability range is classified as high, 

indicating that the observed variability in the studied F2 

population is mostly due to genetic factors. Thus, the 

variability that existed in each trait is highly likely to be 

passed on to the next generation. Furthermore, as the 

heritability values of the reciprocal crosses fell into the 

same range, then, the ability to pass on the trait to the 

offspring does not depend on the direction of the crosses. 

The flowering date had the highest broad sense 

heritability values of 0.92 and 0.94 for reciprocal crosses, 

which indicated that the variation in flowering date in F2 

populations had a high chance of being inherited by the 

next generation (F3). The same situation applies to the 

plant height at flowering (0.70 and 0.74), plant height at 

harvesting (0.71 and 0.79), and the number of pods per 

plant (0.83 and 0.87).  

Heritability values of seed weight per plant (SW/P) of 

the reciprocal crosses were 0.5 and 0.58, which indicate a 
medium to a high ability to pass on the trait to the offspring 

(Stansfield 1991). High seed weight heritability means the 

variation in seed weight is highly likely to be inherited by 

the next generation, which can be selected to obtain 

genotypes with high seed yield. However, as a quantitative 

character, seed yield character is also influenced by the 

expression of yield-related components such as the number 

of productive branches per plant, pod number per plant, the 

weight of 100 seeds, etc. Thus, the seed yield character can 

also be indirectly selected by selecting yield-contributing 

characteristics tightly correlated with seed weight.  
 

 
Table 3. Population parameter values of segregating F2 population of reciprocal crosses between Fore Belu and Local Sabu mungbean 
varieties 
 

Trait  Range 2 22 Criteria 

Fore Belu (♀) x Local Sabu (♂)      
PHF 35.15 17-46 56.07 14.70 Wide 

PHH 56.41 29-75 48.89 13.94 Wide 
HD 58.14 53-71 18.30 8.44 Wide 
NP/P 25.97 6-89 181.42 26.93 Wide 
SW/P 17.22 2-39 59.79 15.49 Wide 

      

Local Sabu (♀) x Fore Belu (♂)      
PHF 34.73 11-49 49.14 14.02 Wide 
PHH 52.98 24-65 68.55 16.56 Wide 

HD 57.27 52-75 14.23 7.53 Wide 
NP/P 24.16 4-56 140.16 23.68 Wide 
SW/P 15.16 3-32 49.92 14.13 Wide 

Note: PHF: Plant height at flowering, PHH: Plant height at harvesting, HD: Harvesting date, NP/P: Number of pods per plant, SW/P: 

Seed weight per plant. : Grand mean, 2: Phenotypic variance, 22: Phenotypic variability  

 

 
Table 4. Genetic parameters of F2 population of reciprocal crosses between Fore Belu and Local Sabu mungbean varieties  
 

Trait 2 2e 2g 22g Category h2
bs Category GDC Category PDC Category 

Fore Belu (♀) x Local Sabu (♂) 

PHF 56.07 14.51 41.56 12.89 Wide 0.74 High 18.34 High 21.30 High 
PHH 48.89 14.13 34.76 11.79 Wide 0.71 High 10.45 Moderate 12.39 Moderate 
HD 18.30 1.08 17.23 8.30 Wide 0.94 High 7.14 Moderate 7.36 Moderate 
NP/P 181.42 24.00 157.42 25.09 Wide 0.87 High 48.31 High 51.87 High 
SW/P 59.79 25.20 34.59 11.76 Wide 0.58 High 34.16 High 44.91 High 

            

Local Sabu (♀) x Fore Belu (♂) 
PHF 49.14 14.51 34.63 11.77 Wide 0.70 High 16.94 High 20.18 High 

PHH 68.55 14.13 54.42 14.75 Wide 0.79 High 13.92 Moderate 15.63 High 
HD 14.23 1.08 13.16 7.25 Wide 0.92 High 6.33 Low 6.59 Moderate 
NP/P 140.16 24.00 116.16 21.56 Wide 0.83 High 44.61 High 49.01 High 
SW/P 49.92 25.2 24.72 9.94 Wide 0.50 High 32.80 High 46.61 High 

Note: 2: Phenotypic variance, 2e: Environmental variance, 2g: Genotypic variance, 22g: Genetic variability, h2
bs: Broad sense 

heritability, GDC: Genetic diversity coefficient (%), PDC: Phenotypic diversity coefficient (%) 
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Estimated genetic diversity coefficients of the F2 

population showed medium to high categories in Fore Belu 

(♀) x Local Sabu (♂) cross and low to high categories in its 

reciprocal (Local Sabu (♀) x Fore Belu (♂) (Table 4). The 

highest coefficient of genetic diversity in reciprocal crosses 

was found in the number of pods per plant (48.31% and 

44.61%), followed by dry seed weight per plant (34.16% 

and 32.8%), and plant height at flowering (18.34% and 

16.94%), all of which are classified high according to 

Stansfield (1991). Meanwhile, the plant height at harvesting 
and harvesting date had low to moderate genetic diversity 

coefficients.  

In the Fore Belu x Local Sabu cross, four observed 

traits were classified as high in both genetic diversity 

coefficient (GDC) and phenotypic diversity coefficient 

(PDC), except for plant height and harvesting and 

harvesting date classified as moderate in both GDC and 

PDC. Similar results were observed in the F2 reciprocals 

except for PHH, which had high PDC and HD, which had 

low GDC (Table 3). Meanwhile, PDC values of all 

observed traits were higher than those of the GDC, but the 
difference between the two was small except for seed 

weight per plant (SW/P) which had above 10% differences 

between DGC and PDC values.  

Three observed traits/characters exhibited high 

heritability, wide genetic variability, and a high coefficient 

of genetic diversity, namely plant height at flowering, 

number of pods per plant, and seed weight per plant (Table 

4). Furthermore, plant height at harvesting had wide 

genetic diversity and high heritability values but moderate 

genetic diversity values. In contrast, the harvesting date 

was wide in genetic variability, high in heritability but low 
in genetic variability coefficient. A high heritability value 

is not always followed by a high coefficient of genetic 

variability (expected genetic gain) value, as the latter 

depends on the selection intensity (k) and the additive 

variance.  

Genetic diversity of F2 populations 

A biplot of F2 populations based on Euclidean distance 

is presented in Figure 2. The cross and reciprocal cross of 

Fore Belu and Local Sabu produced F2 populations that 

shared almost the same pattern of scatter plots. Individual 

F2 plants of both the reciprocal cross of the two parental 

lines were scattered almost evenly along the four 
quadrants, indicating a high and wide variability level of 

the population (Figure 2). In the Fore Belu x Local Sabu 

cross (Figure 2A), six components were responsible for the 

total variation observed in the F2 population. PC 1 

(61.34%) and PC 2 (18.89%) contributed 80.23% for the 

total observed variation, while other components contributed 

only around 0.2-10.5% for the variation in the data set. In 

PC 1, the traits that had positive loading factors included 

the number of pods per plant (NP/P) (0.84), seed weight 

per plant (SW/P) (0.45), and plant height at harvesting 

(PHH) (0.21), while in the PC2, the plant height at 
flowering (PHF), plant height at harvesting (PHH), and 

harvesting date (HD) had positive loading scores, 

respectively, 0.82 and 0.51, and 0.21. Similarly, in the F2 

reciprocal cross of Fore Belu and Local Sabu (Figure 2B), 

six components were also found to be responsible for the 

total observed variation, with around 80.23% of the total 

variation contributed by PC 1 (51.73%) and PC 2 (21.65%). 

Meanwhile, other components contributed only around 0.2-

9.8% to the observed variation in the F2 population. In PC 

1, the number of pods per plant (NP/P) had positive and the 

highest loading score (0.89), followed by seed weight 

(SW/P (0.39), and plant height at harvesting (PHH) (0.19). 

Meanwhile, the plant height at flowering (PHF) and at 

harvesting (PHH) had positive loading scores in PC 2, 
respectively, 0.65 and 0.73, and either harvesting date (HD) 

or seed weight per plant (SW/P) contributed almost 

negligible loading score (0.04). 

Discussion 

The present study revealed a novel finding in the 

inheritances of seed coat color of mungbean in the parental 

lines employed. The seed coat color of the cross between 

the green (Fore Belu) and black (Local Sabu) seed coat 

colors of the parental mungbean varieties was controlled by 

one gene pair with a codominant action between the alleles. 

A codominant gene action refers to a type of inheritance in 
which two alleles of the same gene are expressed separately 

to yield different traits in a heterozygote individual. As a 

result, the phenotype of the individual is a combination of 

the parent’s phenotype (Pierce 2017; NIH 2023; Biology 

Online Dictionary 2023). In the present study, both the 

green and black seed coat colors were expressed in the 

form of green-black mottled seed coat color in the F1 seeds 

(heterozygous) and also in the, presumably, heterozygous 

F2 individuals (Figure 1). The 1:2:1 ratio of green:green-

black mottled:black seed coat colors supports the 

hypothesis of monogenetic and codominant inheritance of 
the seed coat color in the studied mungbean cross. The 

codominant gene action of seed coat color in mungbean has 

not been reported yet. In comparison, Lixia et al. (2013) 

demonstrated in their study that seed coat color in 

mungbean was controlled by mono-gene, and black color 

was dominant over green while green was dominant over 

yellow seed color. Similarly, anthocyanin coloration on 

different parts of the plant was also controlled by mono-

gene, and the author suggested that anthocyanin coloration 

on the seedlings and leaf base might be controlled by that 

same gene or by tightly linked genes. 

Furthermore, in a diallel cross involving four parental 
mungbean lines with different seed colors, Khattak et al. 

(1998) reported that black seed coat color was dominant 

over green, lemon yellow, and pale red, while green was 

dominant over lemon yellow, and pale red, lemon yellow 

was dominant over pale red. Additionally, Egbadzor et al. 

(2014) suspected that many genes are likely involved in the 

inheritance of seed coat color in cowpea (Vigna unguiculata 

(L.) Walp.), while García-Fernández et al. (2021) found 

that the genetic control of seed coat color in a recombinant 

inbred line population of common bean (Phaseolus 

vulgaris L.) are controlled by three independent genes, i.e., 
one gene is controlling white color and two epistatic genes 

are controlling the black color. The two genes controlling 

the black color were confirmed to involve in the 

anthocyanin biosynthesis pathway.  

https://pubmed.ncbi.nlm.nih.gov/?term=Garc%C3%ADa-Fern%C3%A1ndez+C&cauthor_id=34328529
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The results revealed no differences between the cross 

and reciprocals of the two parental lines in terms of the F1 

and F2 segregation of seed coat color, indicating the 

absence of a cytoplasmic effect on the inheritance of seed 

coat color and hence the trait is controlled by a nuclear 

gene. Similar results were reported by Khattak et al. (1998) 

who found no cytoplasmic effect in the inheritance of seed 

coat color in mungbean. On the contrary, Laurentin and 

Benítez (2014) reported that maternal/cytoplasmic effect is 

responsible for seed coat color inheritance in sesame 
(Sesamum indicum L.). Cytoplasmic/maternal inheritance 

occurs when the expression of a trait in F1 and F2 

generations between a cross and its reciprocals are deferent 

in terms of the phenotype and segregation ratio of the 

phenotypes, indicating that the genes controlling the trait is 

located in the cytoplasm of the cell (Pierce 2017).  

In contrast to seed coat color that was classified into 

green, black, and green-black mottle, the quantitative 

characters of the F2 populations evaluated different 

significantly among families. This would have occurred 

because quantitative characters are usually controlled by 

many genes (Stansfield 1991), and their phenotypes are 

expressed continuously. Therefore, the expression of a 

quantitative trait is strongly influenced by environmental 

factors and measures of population and genetic parameters, 

such as the mean, variance, and coefficient of variation are 
needed to describe the characteristics of a trait/character. 

Prajapati et al. (2022) evaluated 39 mungbean genotypes 

and found high variability in the genetic parameters for 

yield and their associated attributes. Similarly, Anita et al. 

(2022) evaluated 11 characters on 38 mungbean genotypes 

and found significant differences among genotypes for all 

the characters.  

 

 

 1 

 2 

A 

B 

 
 
Figure 2. PCA biplots. A. F2 population from the cross. B. Reciprocal cross of Fore Belu and Local Sabu parental lines. The biplot was 
constructed based on six traits, i.e., PHF (plant height at flowering), PHH (plant height at harvesting), HD (harvesting date), NP/P 
(number of pods per plant), SW/P (seed weight per plant) and SCC (seed coat color). Note: SCC was classified into 1 (green), 2 (black), 

and 3 (green and black mottle) 
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Population and genetic parameters are important 

aspects in plant improvement efforts through plant 

breeding, as information on the genetic parameters of a 

population will allow the breeders to choose the most 

efficient selection methods to obtain plant genotypes 

carrying the desired traits (Trustinah et al. 2021). 

According to Falconer and Mackay (1996), estimating 

genetic parameters is a major component of improving 

plant characteristics that meet the breeding objectives. 

Population parameters, such as means of observed 
characters of the F2 families mostly fell below those of the 

parental lines, indicating a large range of the character's 

values due to the maximum segregation at F2 generation. 

However, the maximum values of the F2 population for 

yield and yield contributing traits fell above that of the two 

parental lines, indicating heterotic effect and providing a 

high opportunity to select for genotypes with superior yield 

and yield contributing traits. In addition, other population 

parameters, such as phenotypic variability and genotypic 

variability of the observed traits were classified as wide, so 

selection can be effective in obtaining the desirable traits.  
Heritability is a genetic parameter that describes the 

ability of an individual/line to inherit a certain character 

from their offspring. A high heritability value indicates that 

genetic factors have a bigger role than environmental 

factors in the expression of a trait/character (Barmawi et al. 

2013; Lestari 2016). Characters that have a high heritability 

value possess a high genetic diversity. Thus, the selection 

of the desirable traits will be effective and can begin in the 

early generations.  

According to Sanghera et al. (2013) and Rai et al. 

(2016), high heritability estimates with a high coefficient of 
genetic variability values are usually used to select superior 

lines. In this study, high heritability and genetic variability 

were found in the plant height at flowering, number of pods 

per plant, and seed weight per plant. The genetic 

parameters with high values suggest that the observed 

characters were more influenced by genetic factors as 

compared to environmental factors. This result is similar to 

Prajapati et al. (2022) that high heritability, as well as high 

genetic advance for traits such as plant height, pods/plant, 

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

branches/plant suggesting the expression of these 

characters, were influenced by additive gene action. 
Therefore, these characters may serve as effective selection 

criteria for improvement of the seed yield in mungbean. 

Additionally, Sharma et al. (2018) evaluated 64 mungbean 

genotypes for phonological, morpho-physiological, and 

yield related traits, and found high heritability estimates for 

most of the traits. The high heritability of the observed 

traits suggests that direct selection may be carried out for 

improvement of these traits.  

The results also revealed moderate to high genetic 

diversity coefficient (GDC) and phenotypic diversity 

coefficient (PDC) values of the F2 population. The PDC 
values of plant height at flowering, plant height at 

harvesting, harvesting date, number of pods per plant and 

seed weight per plant were higher than those of the GDC 

values. However, there were only small differences 

between GDC and PDC values except for seed weight per 

plant. Therefore, due to the smaller differences between 

PDC and GDC values, selection based on phenotypic 

performance for plant height at flowering, plant height at 

harvesting, harvesting date, and the number of pods per 

plant would be effective in generating considerable genetic 

improvement on the tested mungbean population. On the 

other hand, seed weight per plant that showed a larger 

difference between GCV and PCV values indicated that the 

growing environment influences this trait. Thus, the 

selection is not effective on this trait at F2 generation, and 
selection of this trait would be more effective in later 

generations (Adhikari et al. 2018). High GDC and PDC in 

mungbean had also been reported by Prajapati et al. (2022) 

in 39 studied genotypes for all observed traits. Similarly, 

Anita et al. (2022) observed high GDC and PDC for seed 

yield per plant, pods/ plant, harvest index, plant height, and 

branches/ plant in 38 mungbean genotypes evaluated. In 

contrast, Sharma et al. (2018) evaluated 64 mungbean 

genotypes and found no high estimate for GDC and PDC in 

the studied genotypes, instead, the authors found only 

moderate estimates of GDC and PDC for number of 
clusters/plant, number of pods/cluster, biomass/plant, and 

number of pods/plant. Our results suggest that the level of 

genetic diversity coefficient and phenotypic diversity 

coefficient is very much dependent on the germplasm being 

evaluated, thus each mungbean germplasm collection must 

be evaluated to get information on the levels of GDC and 

PDC that are necessary for selection of desirable traits and 

improvement of mungbean.  

Principal Component Analyses (PCA) is a statistical 

technique that is used to identify and discard duplicate 

genotypes with similar characteristics (Singh et al. 2016). 
In addition, Holme et al. (2019) stated that PCA is also 

used to classify a large number of variables into important 

components and determine their contribution to the total 

observed variation. Our results showed that PCA revealed 

wide genetic diversity of the studied F2 populations, as 

shown by the scatter plots of the individual F2 families 

along the four quadrants (Figure 2). This wide genetic 

diversity will be very useful for efficiently selecting the 

traits of interest. The results also revealed that traits that 

mostly contribute to the observed variability included the 

number of pods per plant, seed weight per plant, and plant 

heights. The high genetic variability, as demonstrated by 
the biplot in Figure 2, is in line with the calculated broad 

sense heritability (Table 4), thus, these traits are most likely 

to be effectively selected for the next generations. According 

to Gayacharan et al. (2020), the first five principal 

components were responsible for 91.4% of total observed 

variation, and the biplot of PC1 and PC2 revealed a wide 

distribution of accessions, which may prove useful in future 

mungbean breeding programs. Additionally, Mwangi et al. 

(2021) evaluated a mungbean gene pool and found that the 

first three principal components (PC) accounted for 83.4% 

of the total observed phenotypic variation, and pod length, 
plant height, and seeds per pod were the variables most 

responsible for the variation. Overall, the present study 

results revealed high variation among the F2 population on 

the studied traits, and the traits mostly responsible for the 

variation, such as number of pods per plant, seed weight 
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per plant, and plant heights, need to be paid attention in 

future selection programs.  

In conclusion, the seed coat color in the reciprocal 

crosses between Fore Belu and Local Sabu mungbean 

varieties was controlled by one codominant gene. Segregation 

of seed coat color in the reciprocal crosses between the two 

parental lines was similar, indicating the absence of a 

cytoplasmic effect on the trait. The heritability values of 

the six observed traits were high; the highest was observed 

on the harvesting date (0.92 and 0.94 for reciprocal 
crosses), and the lowest was on seed weight per plant (0.50 

and 0.58 for reciprocal crosses).  
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