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SUMMARY 

 

Mung bean (Vigna radiata L.) is a susceptible legume species to pod shattering, posing a high risk of 

yield loss. This study aimed to evaluate the agronomic traits and pod-shattering resistance of IPB 

mung bean lines. The research, conducted at the IPB University, Bogor, Indonesia, involved the 

evaluation of 17 IPB mung bean lines and three comparison varieties. Observed traits included growth 

and yield components, as well as pod-shattering resistance under three conditions: the field, sun-

drying (14 days), and oven drying (at 40 °C for seven days). Genetic variability among the lines was 

found for plant height, days to flowering, seed weight per pod, and pod length. All IPB mung bean 

lines were grouping into three main clusters based on cluster analysis. Growth traits and yield 

components were influenced by genetic factors to varying degrees, as reflected in their low, medium, 

and high heritability estimates. Most yield components exhibited low heritability, except for the seed 

weight per pod, which showed medium heritability. Lines F9-Lom2/129-34, F9-VR480B/V1-156, and 

F9-VR10/V1-49 demonstrated superior yield components and high productivity (2.19–2.37 t/ha). 

These three lines were classified as a resistant to highly resistant classification for pod shattering. The 

sun-drying method was most effective in revealing the variation in pod-shattering resistance among 

the tested lines. These findings confirm that genetic variation influences both yield potential and pod 

shattering resistance in mung bean lines, providing valuable insights for future breeding programs. 

 

Keywords: Mung bean (V. radiata L.), determinate, pod-shattering resistance, selection, variance 

components, heritability, yield potential 

 

Key findings: The research elucidates the yield potential and pod-shattering resistance of IPB mung 

bean (V. radiata L.) lines. Pod shattering on mung bean causes significant yield losses before and 

during harvest in tropical areas. It is valuable to have a simple method for observing pod shatter 

resistance without relying on laboratory tests. 
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INTRODUCTION 

 

Mung bean (Vigna radiata L.) is the third most 

important legume in Indonesia after soybeans 

and peanuts, for both production and 

consumption. Mung bean contain 59%–65% 

carbohydrates and 24%–28% protein by dry 

weight (Pataczek et al., 2018) and 20.97%–

31.32% protein (Yi-Shen et al., 2018). To 

date, Indonesia still imports mung bean 

because national production is lower than the 

national demand. The Ministry of Agriculture 

(2022) reported a decline of 0.59 kg/capita per 

year mung bean availability from 2018 until 

2022 (from 0.93 in 2018), with the sharpest 

decrease occurring in 2021–2022 at -43.05%. 

One of the causes of this low national 

production is the reduction in planting areas in 

central production regions, such as West 

Sumatra, Indonesia, where the cultivated area 

decreased by 38.6% over the past year from 

7581.5 ha (BPS, 2023). Production possible 

increased through improvements in cultivation 

technology and the development of high-

yielding varieties.  

One of the challenges in mung bean 

cultivation is the asynchronous maturity, which 

leads to significant production losses. 

Asynchronous maturity increases labor 

requirements due to the need for multiple 

harvests (Putri et al., 2014). The reduction of 

labor demand for harvesting can be possible by 

growing the short harvesting period mung 

bean varieties (two or three times harvesting). 

Mung bean varieties with a short harvesting 

period offer several advantages, including 

reduced production inputs and yield losses 

(Qonita et al., 2022). Mung bean lines resistant 

to pod shattering have the potential to achieve 

higher productivity by minimizing pod 

shattering. 

Mung bean naturally tend to shatter 

their pods if left in the field too long while 

awaiting the ripening of other pods, resulting in 

yield loss. Pod shattering is influenced by both 

genetic and environmental factors, such as 

temperatures (Adeyeye et al., 2014; Vairam et 

al., 2017) and humidity (Zhang et al., 2018). 

During the mung bean life cycle, early-

maturing pods are prone to pod shattering if a 

delay in harvest occurs, further increasing yield 

loss. Planting mung bean lines that are 

resistant to pod shattering can reduce the risk 

of yield loss even with delayed harvesting. This 

study aims to evaluate pod-shattering 

resistance and yield-related traits of mung 

bean lines generated from crossing. 

 

 

MATERIALS AND METHODS 

 

Genetic material 

 

This research progressed from September 

2023 to January 2024 at the IPB University 

Field Experimental Station. The genetic 

material comprised 17 IPB mung bean lines. 

These are F6-Lom2/129-125, F7-Lom2/V2-6, 

F7-VR422H/129-23, F7-VR480B-213, F8-

Lom2/129-22, F8-Lom2/129-42, F8-

Lom2/129-28, F8-VR10/V1-10, F8-

VR422H/129-1, F9-Lom2/129-2, F9-

Lom2/129-34, F9-Lom2/129-49, F9-VR10/V1-

6, F9-VR10/V1-29, F9-VR10/V1-49, F9-

VR480B/V1-82, and F9-VR480B/V1-156 IPB. 

The study also used three national check 

cultivars (Vima 1, Vima 4, and Vima 5). All 

recommended agronomic and crop protection 

practices took place to ensure optimal crop 

growth. 

 

Experimental design 

 

The experimental design employed was a 

randomized complete block design (RCBD) with 

genotype as a single factor, consisting of 17 

IPB mung bean genotypes and three check 

varieties. The experiment consisted of three 

replications, resulting in 60 experimental units. 

Each experimental unit measured 3 m × 2 m, 

with a planting space of 40 cm × 15 cm, 

resulting in 100 planting holes per 

experimental unit. From each experimental 

unit, 10% of the population was sampled, 

equivalent to 10 sample plants, for agronomic 

character observations. 

 

Experimental observations 

 

Agronomic character observations commenced 

at the first harvest (when at least 80% of pods 

were black on each plant) and the second 
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harvest (when plants had reached the final 

harvest stage or senescence). Pod-shattering 

observations proceeded under three different 

conditions: in the field, sun-dried, and oven-

dried. Field pod-shattering resistance 

observations continued when plants were 10–

12 weeks after planting (WAP). Oven-dried 

pod-shattering observations progressed on 25 

pods from non-sample plants, which 

underwent placement in an oven at 40 °C for 

seven days. On the seventh day, the number 

of shattered or cracked pods entailed counting. 

Sun-dried pod-shattering resistance 

observations succeeded on 100 pods from non-

sample plants over a 14-day sun-drying period. 

The results, expressed as percentages, used 

the following formula: 

 

 
 

The assessment scale followed the 

method adopted by the International Institute 

of Tropical Agriculture (IITA, 1986), as follows: 

0% shattered pods (highly resistant to pod 

shattering), < 25% shattered pods (resistant 

to pod shattering), 25%–50% shattered pods 

(susceptible to pod shattering), and > 51% 

shattered pods (highly susceptible to pod 

shattering). 

 

Statistical analysis 

 

Statistical analysis used the analysis of 

variance (ANOVA), followed by Dunnett's t-

test. Further analyses included estimation of 

broad-sense heritability, correlation analysis of 

quantitative traits, and cluster analysis, using 

the Statistical Analysis System (SAS).  

 

 

RESULTS AND DISCUSSION 

 

General research conditions 

 

The genetic material comprising 17 IPB mung 

bean genotypes, was cultivated during the 

experimental period, under environmental 

condition characterized by an average rainfall 

was 437.94 mm, average monthly temperature 

was 26.95 °C, average humidity was 79.22%, 

and average sunshine duration was 6.39 hours 

(BMKG, 2024). Crop conditions during the 

study sustained exceptionally high rainfall in 

November 2023, reaching 1,068 mm, which 

caused crop lodging. The high rainfall in 

November (Table 1) coincided with the plants 

entering their generative phase, which included 

flowering, pod formation, and pod maturation. 

Mung bean growth and development typically 

achieve effects from variables such as 

temperature, light, and moisture (Amitrano et 

al., 2020). High rainfall can reduce both yield 

and seed quality (Lestari et al., 2019) and 

could lead to flower abscission (Tania et al., 

2023).  

 

IPB mung bean performance 

 

Analysis of variance was used to assess the 

effect of genotype on observed traits. Based on 

the recapitulation of ANOVA (Table 2), 

genotype significantly affected plant height at 

the 5% level and had a highly significant effect 

at the 1% level on flowering time, seed weight 

per pod, pod length, seed number per pod, and 

sun-drying pod-shattering percentage. Traits 

showing no significant differences include the 

first harvest time, the second harvest time, 

pod count, pod weight, seed weight per plant, 

and field pod-shattering percentage. A 

considerable effect of genotype indicates 

variability due to genetic differences, while a 

non-significant impact indicates genetic 

similarity for the related trait. Such similarities 

can arise due to selection. This research 

population (F6-F9) attained selection for early 

harvest, short harvest period, and high yield, 

as previously studied by Maulida et al. (2022), 

Rospita (2023), Willem (2023), and Sefiana 

(2024).  

Table 3 presents the performance of 

quantitative traits, including plant height, days 

of flowering, days of first harvest, and days of 

second harvest, for 17 mung bean lines and 

three control varieties. Plant height, measured 

at the second harvest, ranged from 48.30 to 

77.33 cm, with an average of 64.66 cm. Based 

on Dunnett’s t-tests, a significant difference in 

the plant height appeared among the 

evaluated genotypes. Genotype F7-VR480B-

213 was notably shorter than the three control 
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Table 1. Average temperature, humidity, rainfall, and sunshine duration data for Bogor Regency from 

September 2023 to January 2024. 

Year Month 
Temperature 

(°C) 
Humidity (%) 

Rainfall 

(mm/month) 

Sunshine duration 

(hour/day) 

2023 September 26.74 71.96    62.20 7.98 

 October 27.74 74.07   102.10 7.71 

 November 26.85 83.97  1068.00 6.10 

 December 27.18 80.00   563.60 6.58 

2024 January 26.26 86.10   393.80 3.59 

Average 26.95 79.22  437.94 6.39 

Source: Badan Meteorologi, Klimatologi, dan Geofisika (2024). 

 

 

Table 2. Mean square and F-value of characteristics of mung bean lines and check varieties.  

Characters Mean Square CV (%) 

Plant height 200.73* 15.39 

Days of flowering   3.07**  3.03 

Days of first harvesting    6.51ns  3.92 

Days of second harvesting  29.07 ns  2.24 

Number of pods   7.41 ns 19.31 

Pod weight   3.19 ns 20.36 

Seed weight per plant   1.64 ns 17.56 

Seed weight per pod   0.01**  9.17 

Pod length   1.37**  6.86 

Number of seeds per pod   2.72**  3.16 

Productivity   0.03 ns 17.58 

**= significant at p ≤ 0.01; *= significant at p ≤ 0.05; ns= not significant; and T= root transformation results. 

 

 

Table 3. Mean plant height, days of flowering, and harvesting of mung bean lines. 

Genotypes 
Plant height 

(cm) 

Days of 

flowering 

(DAS) 

Days of first harvesting 

(DAS) 

Days of second 

harvesting 

(DAS) 

F6-Lom2/129-125 70.88 37.00 66.33 95.00 

F7-Lom2/V2-6 72.04 37.00 64.67 91.00 

F7-VR422H/129-23 65.98 36.00 67.00 95.33 

F7-VR480B-213 48.30b 36.00 64.00 93.00 

F8-Lom2/129-22 55.38 38.00 68.33 93.33 

F8-Lom2/129-28 74.69 38.67a 66.67 92.67 

F8-Lom2/129-42 75.87 38.50 65.67 93.33 

F8-VR10/V1-10 65.44 35.33  63.67 90.67 

F8-VR422H/129-1 59.31 36.33 66.33 90.67 

F9-Lom2/129-2 61.30 38.00 66.67 94.67 

F9-Lom2/129-34 66.55 36.33 65.67 91.67 

F9-Lom2/129-49 62.97 36.67 64.00 93.33 

F9-VR10/V1-6 69.97 37.67 65.00 91.33 

F9-VR10/V1-29 58.36 35.50 63.33 91.67 

F9-VR10/V1-49 60.21 35.33 63.33 89.67 

F9-VR480B/V1-82 60.16 37.67 66.00 80.67 

F9-VR480B/V1-156 73.75 36.00 66.33 94.33 

Vima 1 53.67 35.67 64.67 92.33 

Vima 4 77.33 36.67 66.67 92.33 

Vima 5 55.76 36.00 64.00 94.33 

a = significantly different from Vima 1, b = significantly different from Vima 4, c = significantly different from Vima 5 based 

on t-Dunnett's t-test at the 5% level, DAS = days after sowing. 
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varieties, while F8-Lom2/129-42 was the 

tallest (75.87 cm), though still shorter than the 

Vima 4. According to Balitkabi (2018), the 

typical plant heights for Vima 1, Vima 4, and 

Vima 5 are 53, 76.6, and 64.4 cm, 

respectively. Most of the tested genotypes had 

plant heights similar to the control varieties. 

This signifies that the tested genotypes had 

plant heights conforming to the standards of 

released commercial mung bean varieties 

(Rospita, 2023). A shorter plant habit is 

advantageous for simultaneous harvesting, as 

it helps reduce continuous growth and 

increases lodging resistance (Marwiyah et al., 

2021). Plant height sustains genetic control 

(high heritability), as reported by Maulida et al. 

(2022) and Sutjahjo et al. (2022). 

The recording of flowering time ensued 

when at least one fully bloomed flower 

appeared on each plant within a genotype. The 

flowering time ranged from 35.33 to 38.67 

days. The earliest flowering genotypes were 

F8-VR10/V1-10 and F9-VR10/V1-49, while the 

latest flowering genotype was F8-Lom2/129-

28. Previous genetic research has shown that 

flowering time obtains control from a few 

genes, namely, two duplicate genes in a 

homozygous recessive state (Wani and Kozgar, 

2016). Compared with the descriptions of the 

three comparison varieties (Vima 1, Vima 4, 

and Vima 5 as national varieties), the flowering 

times in this study were 1–3 days later. These 

delays appear to be related to environmental 

factors (Table 1), from October (vegetative 

phase) to November (generative phase), which 

included a decrease in temperature and 

sunlight duration and an increase in air 

humidity and rainfall. In other words, the study 

period coincided with the onset of the rainy 

season, with peak rainfall in November. These 

results align with those of Marwiyah et al. 

(2021), who reported delays in mung bean 

flowering and harvest times are longer in the 

rainy season than in the dry season. Flower 

shading is also higher during this period, 

leading to lower yields. 

The harvest of mung bean proceeded 

in two stages. The first harvest time emerged 

when 80% of the pods on mung bean plants 

had turned black in each genotype population. 

The earliest genotypes harvested were F9-

VR10/V1-29 and F9-VR10/V1-49, with a first 

harvest time of 63.33 days. Genotype F8-

Lom2/129-22 had the longest first harvest 

time (68.33 days) and was significantly 

different from the Vima 1. However, the first 

harvest time did not differ significantly across 

most genotypes, as it did not vary much from 

the control varieties. The second harvest time 

took place when the mung bean plants reached 

their final harvest. This stage, also known as 

senescence, is evident with 50% defoliation, 

and the plants are no longer producing 

economically viable pods (Willem, 2023). The 

earliest senescence occurred in genotype F9-

VR480B/V1-82 at 80.67 days, while the latest 

was in genotype F7-VR422H/129-23 at 95.33 

days. Genotype F9-VR480B/V1-82 could obtain 

a classification of a short-duration mung bean 

genotype compared with the three control 

varieties. Genotype F8-Lom2/129-22, with an 

early second harvest time, was significantly 

different from Vima 1, indicating its potential 

as a short harvest-period genotype suitable for 

catch cropping (Rehman et al., 2019; 

Marwiyah et al., 2021). 

Table 4 shows the number of pods per 

plant ranged from 10.00 to 15.33. Genotype 

F9-VR10/V1-6 had the highest average number 

of pods, while the genotypes F8-VR422H/129-1 

and F9-VR480B/V1-82 had the fewest. 

According to Sutjahjo et al. (2022), the 

number of pods of mung bean has a positive 

correlation with the length of the generative 

phase, days of harvest, and plant height, but a 

negative association with days of flowering.  

The average pod weight per plant in 

this study ranged from 6.61 to 10.81 g (Table 

4). Genotype F9-VR480B/V1-82 had the 

lightest pod weight, while F9-VR480B/V1-156 

had the heaviest. Flowers that grow earlier 

have more pods than those that grow later, 

which also entails influences from leaf 

chlorophyll and nitrogen levels (Mohammed 

and Abdulkafoor, 2018). Planting mung bean in 

an environment with high rainfall intensity 

affects the pod set and pod-filling process 

(Hussain et al., 2022). 

The mung bean genotypes exhibited 

varying seed weights per plant, ranging from 

4.05 to 7.11 g (Table 4). Genotype F9-

Lom2/129-49 had the lowest seed weight per 
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Table 4. Mean of yield and yield component traits of mung bean lines. 

Genotypes 
NP/ 

plant (g) 

PW/plant 

(g) 

SW/plant 

(g) 

PL 

(cm) 

WS/pod 

(g) 

Prod  

(t/ha) 

F6-Lom2/129-125 13.3  8.06 5.50  9.67 0.61 1.83 

F7-Lom2/V2-6 11.0  8.00 5.65 10.18 0.73 1.89 

F7-VR422H/129-23 12.3  8.53 5.65  9.67 0.70 1.88 

F7-VR480B-213 12.3  8.46 5.90 10.15 0.71 1.97 

F8-Lom2/129-22 12.7  9.37 5.94 10.47 0.80 1.98 

F8-Lom2/129-28 12.7  8.30 5.85  9.80 0.68 1.95 

F8-Lom2/129-42 12.3  8.00 5.70  9.69 0.66 1.90 

F8-VR10/V1-10 12.3  8.35 5.96 1 10.07 0.70 1.99 

F8-VR422H/129-1 10.0  7.25 5.17 10.04 0.68 1.72 

F9-Lom2/129-2 10.3  7.51 4.70 11.31 b 0.76 1.57 

F9-Lom2/129-34 14.3 10.19 6.59 11.84 bc 0.82 2.19 

F9-Lom2/129-49 15.0  8.31 4.05  9.88 0.63 1.93 

F9-VR10/V1-6 15.3  8.56 5.90 10.78 0.68 1.97 

F9-VR10/V1-29 10.3  8.29 5.90 10.11 0.78 1.97 

F9-VR10/V1-49 12.7  9.42 6.68 10.57 0.78 2.23 

F9-VR480B/V1-82 10.0  6.61 4.69  9.24 0.68 1.56 

F9-VR480B/V1-156 12.7 10.81 7.11 11.37 b 0.86bc 2.37 

Vima 1 11.7  9.55 6.28 10.73 0.74 2.09 

Vima 4 11.0  7.53 5.10  9.49 0.70 1.70 

Vima 5 11.3  7.26 4.88 10.02 0.66 1.63 

NP = number of pods, PW = pod weight, SW = seed weight, PL = pod length, WS = weight of seed per pod, Prod = 

productivity, a = significantly different from Vima 1, b = significantly different from Vima 4, c = significantly different from 

Vima 5 based on Dunnett's t-test at the 5% level. 

 

plant, while F9-VR480B/V1-156 had the 

highest. Seed weight per plant can predict 

yield in tons per hectare. Previous research 

reported by Gogoi et al. (2021) showed that 

seed weight per plant had a significant positive 

correlation with mung bean yield. The 

predicted productivity in this study ranged 

from 1.56 to 2.37 tons per hectare (Table 4). 

In 2023, the national productivity of mung 

bean reached 1.14 tons per hectare (Dirjen 

Tanaman Pangan, 2023). According to the 

descriptions of mung bean varieties, Vima 1, 

Vima 4, and Vima 5 have average yields of 

1.38, 1.73, and 1.84 tons per hectare, 

respectively (DPKP, 2023). This indicates the 

predicted productivity in this study was 

equivalent to the control varieties. The 

productivity of Vima 1 in this study was higher 

than the yield potential described for Vima 1, 

which is only 1.76 tons per hectare, because 

Vima 1 is more resistant to powdery mildew 

than Vima 4 and Vima 5. Mung bean yields are 

also at risk of pod shattering and pre-harvest 

sprouting; 60%–70% yield losses resulted 

from these factors (Parker et al., 2021; Mogali 

et al., 2023). 

According to the variety description, 

the yield potential of Vima 4 and Vima 5 can 

reach 2.20 tons per hectare and 2.34 tons per 

hectare, but this study only produced 1.70 and 

1.63 tons per hectare, respectively. This is due 

to fluctuations in rainfall during the pod-filling 

phase before the second harvest, causing 

suboptimal plant metabolism. Suboptimal 

sunlight intensity can affect the photosynthesis 

capacity. A short photosynthesis period 

influences the accumulation of photosynthates 

from the source to the sink (seeds), which can 

lead to a decrease in seed weight (Waniale et 

al., 2014). 

Table 4 also presents the results of 

observations on pod length and seed weight 

per pod. The pod length of the mung bean 

genotypes observed ranged from 9.24 to 11.84 

cm. Three mung bean genotypes had 

significantly different pod lengths compared 

with the control varieties. The genotypes F9-

Lom2/129-2 and F9-VR480B/V1-156 were 
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significantly longer than the Vima 4. Genotype 

F9-Lom2/129-34 had the longest pod length 

among the tested genotypes, at 11.84 cm, and it 

was remarkably different from both Vima 4 and 

Vima 5. The seed weight per pod in this study 

ranged from 0.61 to 0.86 g. The genotype F6-

Lom2/129-125 had the lowest seed weight per 

pod. The genotype F9-VR480B/V1-156 had a 

significantly higher seed weight per pod than the 

control varieties Vima 4 and Vima 5. Gogoi et al. 

(2021) stated a significant and positive 

correlation between pod length and yield. 

 

 

Pod-shattering resistance of IPB mung bean 

lines 

 

Pod shattering is an undesirable trait in mung 

bean, as it can negatively affect yield. Pod 

shattering refers to the explosive dehiscence of 

the pod at the maturation phase, which usually 

disperses seeds (Parker et al., 2021). An 

emergence of pod shattering before harvest 

causes significant yield loss (Willem, 2023); 

developing pod-shattering resistance is an 

essential way to maintain maximum mung bean 

production. In this study, pod-shattering 

resistance succeeded in testing under three 

different conditions: in the field, sun-drying, and 

oven drying. 

The results of field pod-shattering 

observations showed all genotypes were highly 

resistant or resistant to pod shattering (Table 5). 

The findings are similar to the oven-dried pod 

shattering. Oven testing at 40 °C showed that 

eight lines experienced pod shattering. Seven 

genotypes were highly resistant, and four 

genotypes were resistant to pod shattering in field 

and oven observations. These two conditions 

differ from sun-drying in triggering pod 

shattering. Sun-drying was more effective in 

discriminating pod-shattering responses among 

genotypes. Seven genotypes changed categories 

from highly resistant/resistant to susceptible, and 

13 genotypes remained stable as highly 

resistant/resistant. Based on this result, the 13 

genotypes were resistant to pod shattering in 

identical environments (moderate humidity and 

rainy weather) and across two harvest periods. 

The sun-drying method is favorable for evaluating 

pod shattering under high humidity and rainy 

conditions during the pod-maturing phase 

compared with observations in the field and oven 

conditions. 

Table 5. Mean percentage of field pod shattering, percentage of sun-dried pod shattering, and 

percentage of oven-dried pod shattering of mung bean lines. 

Genotypes PFPS (%) Criteria PSPS (%) Criteria POPS (%) Criteria 

F6-Lom2/129-125 0.5 R 68.0 HS 9.3 R 

F7-Lom2/V2-6 0.0 HR 58.0 HS 8.0 R 

F7-VR422H/129-23 0.0 HR 10.7 R 0.0 HR 

F7-VR480B-213 0.2 R 25.0 S 0.0 HR 

F8-Lom2/129-22 0.8 R 13.7 R 2.7 R 

F8-Lom2/129-28 0.0 HR 9.7 R 0.0 HR 

F8-Lom2/129-42 0.3 R 7.7 R 0.0 HR 

F8-VR10/V1-10 0.2 R 48.7 S 4.0 R 

F8-VR422H/129-1 0.0 HR 10.3 R 0.0 HR 

F9-Lom2/129-2 0.3 R 16.3 R 2.7 R 

F9-Lom2/129-34 0.2 R 6.7 R 4.0 R 

F9-Lom2/129-49 0.0 HR 16.0 R 0.0 HR 

F9-VR10/V1-6 0.0 HR 45.7 S 5.3 R 

F9-VR10/V1-29 0.0 HR 38.3 S 0.0 HR 

F9-VR10/V1-49 0.0 HR 3.0 R 0.0 HR 

F9-VR480B/V1-82 0.2 R 16.7 R 0.0 HR 

F9-VR480B/V1-156 0.0 HR 22.3 R 1.3 R 

Vima 1 0.5 R 32.0 S 0.0 HR 

Vima 4 0.5 R 33.7 S 4.0 R 

Vima 5 0.0 HR 29.0 S 6.7 R 

PFPS = percentage of field pod shattering, PSPS = percentage of sun-dried pod shattering, POPS = percentage of oven-

dried pod shattering, HR = highly resistant, R = resistant, S = susceptible, and HS = highly susceptible. 
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Table 6. Estimated variance components and heritability values of yield and yield component traits on 

mung bean lines. 

Characters σ²p σ²e σ²g h2
bs (%) h2

bs criteria 

Plant height 132.40 98.23 34.17 25.81 Moderate 

Days of flowering 1.85 1.23 0.61 33.14 Moderate 

Days of first harvesting 6.56 6.59 0.00 0.00 Low 

Days of second harvesting 12.52 4.24 8.28 66.10 High 

Number of pods 6.19 5.58 0.61 9.85 Low 

Pod weight 3.02 2.94 0.08 2.75 Low 

Seed weight per plant 1.46 1.37 0.09 6.21 Low 

Seed weight per pod 0.01 0.00 0.00 39.44 Moderate 

Pod length 0.79 0.50 0.29 36.99 Moderate 

σ²p = phenotypic variance, σ²e= environmental variance, σ²g = genetic variance, and h2
bs = broad-sense heritability 

 

According to Krisnawati and Adie 

(2017) and Krisnawati et al. (2022), pod 

shattering varies due to genetic factors, low 

humidity, and harvest delays. Parker et al. 

(2021) confirmed that low humidity is an 

environmental factor that greatly contributes 

to legume pod shattering. In this study, the air 

humidity was 79.22%, which is in the 

moderate category; thus, the pod-shattering 

test in the field was not enough to trigger 

different genotype responses. 

In this study, field and oven testing 

showed the tested lines were resistant to pod 

shattering. Sun-drying testing proved more 

effective in showing the variability of pod 

shattering among the lines. The sun-dried pod-

shattering approach is much better for pod-

shattering evaluation, especially under high 

humidity and rainy seasons during the 

generative phase, than the observations in the 

field and oven conditions. 

 

Variance components and heritability 

 

Heritability is the ratio between genetic 

variance and the total phenotypic variance of a 

particular trait. Both genetic and environmental 

factors play a role in the final appearance, or 

phenotype, of the observed traits. Based on 

the analysis of variance component estimates 

and broad-sense heritability (Table 6), 

heritability ranged from 0% to 83.65%. Two 

traits exhibited high broad-sense heritability 

values, including days to second harvesting 

and sun-drying pod-shattering percentage. 

Degefa et al. (2014), Dutt et al. (2020), and 

Afroz et al. (2022) highlighted the potential 

presence of additive genes, which is promising 

for selection when heritability is high. 

According to Shintawati et al. (2022), high 

heritability results from a more dominant 

genetic influence, making it a reliable basis for 

selection in subsequent generations. 

All yield components showed low 

heritability (Table 6). This result indicates 

these traits mostly acquired influences from 

environmental factors, meaning the passing 

down of traits may not be reliably possible to 

future generations. Priyanto et al. (2018) also 

noted when the phenotype received a heavy 

alteration from the environment, traits may 

change when grown in different environments 

or seasons. Rospita (2023) noted low 

heritability indicates the phenotype has high 

environmental influence. Regarding its use in 

plant breeding, Wirnas et al. (2022) reviewed 

the heritability and correlation between traits 

related to selection decisions and estimation of 

plant ideotype. Mukhlisin et al. (2025) 

suggested not using traits with low heritability 

as selection criteria. 

High heritability values in traits, such 

as the second harvest time, seed number per 

pod, and sun-drying pod-shattering 

percentage, suggest that these traits incurred 

primary influences from genetic factors and 

can be a reliable selection in breeding 

programs. Conversely, traits with low 

heritability, such as the first harvest time and 

pod weight, gained more effects from 

environmental conditions and may not have 

consistency in passing down through 

generations. 

 



Sutjahjo et al. (2025) 

2422 

 
Cophenetic distance 

 

Figure 1. Dendrogram of 20 mung bean lines based on quantitative and qualitative traits.  

 

Dendrogram 

 

Cluster analysis took place based on 

cophenetic distances between the traits tested. 

The results of the cluster analysis are in the 

form of a diagram called a dendrogram. This 

analysis shows the dissimilarity between the 

traits of the mung bean genotypes tested. The 

dissimilarity value obtained in Figure 1 is 0.3, 

or 30%, indicating that the similarity of traits 

between the tested genotypes is 70%. Three 

clusters resulted, i.e., clusters I, II, and III. 

The clusters formed in the dendrogram indicate 

the presence of phenotypic variability among 

genotypes (Hamidah et al., 2024; Suparno et 

al., 2024). 

The genotypes in Cluster I (F8-

Lom2/129-22, F9-Lom2/129-34, and F9-

VR480B/V1-156) exhibited the best 

characteristics regarding pod length and the 

seed number per pod. Cluster II (F8-

Lom2/129-28, F8-Lom2/129-42, F9-

VR480B/V1-82, and Vima 4) shared similarities 

in seed glossiness traits. Cluster III (F6-

Lom2/129-125, F7-Lom2/V2-6, F7-

VR422H/129-23, F7-VR480B-213, F8-

VR10/V1-10, F8-VR422H/129-1, F9-Lom2/129-

2, F9-Lom2/129-49, F9-VR10/V1-6, F9-

VR10/V1-29, and F9-VR10/V1-49) displayed 

similarities in early flowering time and the first 

harvest time, suggesting potential for short-

duration growth. Early maturity classification 

falls under the synchronized harvesting 

(Marwiyah et al., 2021). The advantages of 

each cluster can serve as a basis for selecting 

parental lines for crossing. Crosses between 

clusters may result in superior traits. 

 

 

CONCLUSIONS 

 

Mung bean genotypes affect the variability of 

plant height, days to flowering, seed weight 

per pod, and pod length. The genotypes 

underwent clustering into three main groups 

based on the dendrogram. All traits bore 

influences from genetic factors to varying 

degrees, as indicated by low, medium, and 

high heritability estimates. All yield component 

characters have low heritability, except the 

seed weight per pod (which has medium 

heritability). Lines F9-Lom2/129-34, F9-

VR480B/V1-156, and F9-VR10/V1-49, selected 

from line crossbreeding, have high yield 

component characters and high productivity 

(2.19–2.37 t/ha). These three genotypes are 

resistant or very resistant to pod shattering. 

The sun-drying pod-shattering method is 

favorable for recommendation, as it was more 

effective in showing the level of pod-shattering 

variation among the tested lines. 
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