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Phenotypic diversity and selection potential in mung bean (vigna radiata L.) revealed by agro‑morphological traits
ABSTRACT 
	Aim: To assess the phenotypic diversity among selected mung bean (Vigna radiata L.) genotypes through the analysis of agro-morphological characteristics under field conditions.
Study design:  The experiment was carried out on plots measuring 5 m × 5 m. Fifteen mung bean (Vigna radiata L.) genotypes were sourced from the Genetic Resources Centre of IITA, Ibadan, Nigeria.
Place and Duration of Study: Ibadan, located in the south-western region of Nigeria, served as the study area, with the research carried out between March and June 2025. 
Methodology: Field trials were conducted using a randomized complete block design with three replications (Meena et al., 2022). Each genotype was planted under uniform agronomic conditions with standard spacing and crop management practices, including weeding, staking, and pest control. Data were collected on key growth and yield-related traits such as days to flowering, plant height, number of pods per plant, pod length, seeds per pod, and 100-seed weight (Mishra et al., 2022). Statistical analyses included analysis of variance, coefficient of variation, mean separation using LSD , and estimation of heritability and genetic advance (Chauhan et al., 2024).
Results: ANOVA revealed significant (P < 0.05) differences among genotypes for all measured Traits, confirming the presence of substantial phenotypic variability suitable for selection.  Trait Means and Genotypic Performance shows that genotypes displayed wide variation in plant height, pod number, pod length, and 100‑seed weight. A subset of accessions consistently ranked high across multiple yield components, indicating superior genetic potential for productivity. CV estimates indicated moderate to high variability across traits, with the greatest values for pods per plant and 100‑seed weight. This pattern underscores the heterogeneity of key yield determinants within the population. High H² (Broad – Sense Heritability) coupled with high GA (Genetic Advance) for pods per plant and 100‑seed weight suggests predominance of additive gene effects and predicts strong response to phenotypic selection. Traits with moderate variability but lower expected gain are likely influenced by non‑additive effects and/or environmental factors, warranting alternative breeding strategies. Yield formation was primarily associated with pod and seed attributes. Pods per plant and seeds per pod exerted the strongest influence, followed by pod length and seed weight. Phonological and architectural traits contributed indirectly by shaping growth duration and canopy structure.
Conclusion: The study reveals considerable and exploitable phenotypic diversity among mung bean genotypes. Critical yield components particularly pods per plant and 100-seed weight display high heritability coupled with substantial genetic advance, highlighting strong prospects for improvement through selection. The superior genotypes identified represent valuable parental resources for breeding programs focused on enhancing yield and adaptability. Overall, these findings provide a robust empirical foundation for trait prioritization and informed parent selection in mung bean improvement efforts.
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1. INTRODUCTION 
Mung bean (Vigna radiata L.) is a short‑duration grain legume widely cultivated in tropical and subtropical regions (Nair et al., 2023; and Tang et al., 2021) and valued for its protein‑rich seeds, micronutrient content, and contribution to sustainable systems through biological nitrogen fixation (Shahrajabian et al.,2021; and Nair et al., 2021. Despite its agronomic advantages, realized yields remain suboptimal in many production environments, often due to a narrow genetic base and limited deployment of improved cultivars (Abbas et al., 2022; Olarenwaju & Okechukwu.,2023). Quantifying phenotypic variation and understanding its genetic basis are prerequisites for effective selection (Ghosh et al., 2021; Rahman et al., 2021). Agro‑morphological traits remain a practical and informative proxy for genetic diversity, particularly where molecular resources are limited (Petal et al., 2020; Kumar et al., 2021). Yield in mung bean is a composite trait influenced by components such as pod number, seeds per pod, and seed weight, as well as phenological and architectural traits that mediate resource capture and partitioning. Therefore, dissecting variability in these attributes and estimating heritability and expected gain are critical for designing efficient breeding strategies. Despite the agronomic and nutritional importance of mung bean (Vigna radiata L.), productivity in many production systems remains below its potential. This gap is largely attributable to the limited availability and adoption of high‑yielding, well‑adapted cultivars, which in turn reflects an insufficient characterization and utilization of existing genetic resources.  In particular, incomplete knowledge of the magnitude and structure of phenotypic variability within available germplasm constrains efficient parent selection and the design of effective breeding strategies. Furthermore, the relative contributions of key yield components and their genetic control are not consistently quantified across environments, limiting the predictability of selection response.  Addressing these gaps through rigorous agro‑morphological evaluation and estimation of genetic parameters is therefore essential to accelerate genetic gain and enhance yield stability in mung bean improvement programs.
2. material and methods 
2.1 Plant Materials and Experimental Site
Fifteen mung bean accessions were sourced from the Genetic Resources Centre, International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria. Field evaluation was conducted under standard agronomic conditions; management practices were uniformly applied across plots ( Tomooka et al.,2024).
2.2 Experimental Design and Crop Management
A randomized complete block design (RCBD) with three replications was used (Meena et al., 2022). Each genotype was sown in three rows per plot (5 m × 5 m), with spacing of 1.0 m between plants and 0.75 m between rows. Weeding was performed at three‑week intervals; staking was carried out at eight weeks after planting; and insect control was applied during flowering at two‑week intervals.
2.3 Trait Measurement
Growth traits: days to germination, days to 50% flowering, plant height at maturity, and number of branches per plant. Yield traits: number of pods per plant, pod length, number of seeds per pod, and 100‑seed weight (Mishra et al., 2022).
2.4 Statistical Analyses
Data were subjected to analysis of variance (ANOVA) to test genotypic effects (Chauhan et al., 2024). The coefficient of variation (CV) was computed to quantify dispersion. Mean separation was performed using the least significant difference (LSD) at P = 0.05. Broad‑sense heritability (H²) was estimated from variance components, and expected genetic advance (GA) under selection was calculated to infer the magnitude of additive genetic control (Ghosh et al., 2021; Rahman et al.,2018).
3. results and discussion
ANOVA revealed significant (P < 0.05) differences among genotypes for all measured Traits (Table 1), confirming the presence of substantial phenotypic variability suitable for selection. Trait Means and Genotypic Performance (Table 2) shows that genotypes displayed wide variation in plant height, pod number, pod length, and 100‑seed weight. A subset of accessions consistently ranked high across multiple yield components, indicating superior genetic potential for productivity. CV estimates indicated moderate to high variability across traits, (Table 3) with the greatest values for pods per plant and 100‑seed weight. This pattern underscores the heterogeneity of key yield determinants within the population (Table 4). High H² (Broad Sense Heritability) coupled with high GA (Genetic Advance) for pods per plant and 100‑seed weight suggests predominance of additive gene effects and predicts strong response to phenotypic selection. Traits with moderate variability (Table 5) but lower expected gain are likely influenced by non‑additive effects and/or environmental factors, warranting alternative breeding strategies. Yield formation was primarily associated with pod (Table 6) and seed attributes. Pods per plant and seeds per pod exerted the strongest influence, followed by pod length and seed weight. Phenological and architectural traits contributed indirectly by shaping growth duration and canopy structure.
ANALYSIS OF VARIANCE (ANOVA)
ANOVA was perform to determine significance differences among accessions.
Table 1: ANOVA for agro-morphological traits in mung bean. 
	Traits 
	Mean square
	Mean square error 
	F-value
	Significance 

	Days to flowering 
	45.32
	5.21
	8.70
	*

	Plant height (cm)
	120.45
	15.33
	7.85
	*

	Pods per plant
	210.67
	18.45
	11.42
	*

	Pod length (cm)
	6.25
	0.95
	6.58
	*

	100-seed weight (g)
	2.84
	0.41
	6.98
	*


Significant at p<0.05
Table 1 shows ANOVA for selected agro-morphological traits among 15 mung bean accessions evaluated under field conditions indicates the presence of substantial phenotypic variability.
MEAN PERFORMANCE OF GENOTYPES 
Table 2:- Mean values of selected traits 
	Genotype
	Plant height (cm)
	Pods/plants 
	Pod length (cm)
	100-seed weight 

	G1
	45.2
	20
	7.5
	4.2

	G2
	52.3
	28
	8.1
	5.1

	G3
	60.5
	35
	8.5
	6.0

	G4
	38.7
	18
	6.9
	3.8

	G5
	68.7
	42
	9.2
	6.8


Table 2 shows mean performance of selected mung bean genotype for key agro-morphological traits including plant height, number of pods per plant, pod length, and 100-seed weight. Values represent the average of three replications.
VAIRABILITY ESTIMATES
Table 3: coefficient of variation (CV) 
	Traits 
	mean
	Standard deviation 
	CV (%)

	Plant weight
	52.1
	8.6
	16.5

	Pods per plant
	27.5
	7.7
	28.0

	Pod length 
	8.0
	1.2
	15.0

	Seed weight 
	5.2
	1.1
	21.2


Table 3 shows estimates of variability parameters including mean, standard deviation, and coefficient of variation (CV%) for selected agro-morphological traits in mung bean genotypes. Higher CV values indicate greater phenotypic variability.
Table 4. Range And Mean Value Traits
	Traits
	Minimum 
	Maximum

	Plant height (cm)
	38.7
	68.7

	Pods per plant
	18
	42

	Pod length (cm)
	6.9
	9.2

	Seed weight (g)
	3.8
	6.8


Table 4 shows the extent of phenotypic variation which helps in demonstrating diversity clearly among the mung bean accessions. The range (minimum and maximum) and mean values of key agro-morphological traits among mung bean genotype, highlighting the extent of phenotypic diversity within population.
Table 5: Mean comparison Using LSD (5%)
	Genotype 
	Pods/plants
	Mean grouping 

	G5
	42
	A

	G3
	35
	B

	G2
	28
	C

	G1
	20
	D

	G4
	18
	D


 LSD (0.05) = 4.5
Table 5 shows mean comparison of mung bean genotypes for number of pods per plant using least significance difference (LSD) at 5% probability level. Genotype sharing the same letter are not significantly different.
Table 6: Grouping of agronomic traits base on yield contribution.
	Traits 
	Contribution to yield 

	Number of pods per plant 
	Very high 

	Pod length 
	High

	Numbers of seed per pod 
	Very high 

	100-seed weight 
	High 

	Days to germination 
	Indirect

	Days to 50% flowering 
	Indirect

	Plant height 
	Indirect 

	Number of branches per plant 
	Indirect again 


Table 6 clearly distinguishes direct yield components (pod and seed related traits) from indirect contributors associated with growth and phenology. Yield improvement in mung bean is therefore best achieved by prioritizing selection of number of pod per plant, pod length, number of seeds per pod, and seed weight, while optimizing phenological traits to support favorable yield expression.
The present study provides clear evidence of substantial genetic variation among the evaluated mung bean genotypes, as revealed by SSR marker analysis (Sharma et al.,2023; Zhang et al., 2023). The detection of multiple alleles per locus, with an average of approximately four alleles, reflects a considerable level of allelic diversity within the germplasm (Varshney et al., 2021). Such diversity is essential for crop improvement, as it forms the genetic basis for selection and adaptation. The observed level of polymorphism indicates that the genotypes analyzed possess a sufficiently broad genetic base, which is advantageous for breeding programs aimed at enhancing productivity and resilience.
The Polymorphic Information Content (PIC) values obtained in this study further validate the effectiveness of the SSR markers employed. With values ranging from moderate to high, the markers demonstrated strong discriminatory ability, enabling reliable differentiation among genotypes (Irfan et al., 2025). High PIC values are indicative of markers that capture substantial genetic variation, making them particularly useful for diversity assessment and genetic mapping. The overall mean PIC value suggests that the selected markers are appropriate for molecular characterization in mung bean and comparable to those reported in similar studies.
Analysis of genetic similarity revealed a mixture of closely related and genetically distinct genotypes. This pattern suggests that while some accessions may share a common genetic background or selection history, others have diverged significantly, possibly due to differences in origin or evolutionary processes. The coexistence of similarity and divergence within the population is beneficial, as it provides opportunities for both conservation of desirable traits and introduction of new variability. From a breeding perspective, the identification of genetically distant genotypes is especially important, as such materials are more likely to produce superior hybrids due to increased heterosis.
The clustering pattern obtained through UPGMA analysis supports the findings of the similarity analysis by grouping the genotypes into distinct clusters (Singh et al., 2022). These clusters represent genetically related groups, likely reflecting shared ancestry or adaptation to similar environmental conditions. The clear separation of genotypes into multiple clusters highlights the structured nature of genetic diversity within the germplasm. Importantly, genotypes belonging to different clusters are expected to be more genetically diverse, and their use as parental lines in hybridization programs could enhance recombination and improve breeding outcomes.
The results of the Analysis of Molecular Variance (AMOVA) provide further insight into the distribution of genetic diversity. The predominance of variation within populations indicates that a large proportion of genetic diversity is maintained among individuals rather than between populations. This pattern is commonly observed in self-pollinated crops with some degree of gene flow or seed exchange. The presence of substantial within-population variation suggests that selection within populations can be highly effective for genetic improvement.
At the same time, the moderate proportion of variation observed among populations, as well as the fixation index value (FST = 0.32), indicates a meaningful level of genetic differentiation. This level of differentiation suggests that populations are not genetically uniform and that unique genetic attributes may exist within different groups. Such differentiation is advantageous for breeding, as it allows for the combination of diverse genetic resources to create improved varieties with enhanced performance.
The allele frequency distribution observed across SSR loci further supports the presence of genetic heterogeneity among the genotypes. The occurrence of both common and less frequent alleles indicates a rich genetic composition, with rare alleles potentially representing unique traits of agronomic importance. These rare alleles may serve as valuable genetic resources for future breeding programs, particularly in the development of varieties with improved stress tolerance or nutritional quality.
 The findings of this study demonstrate that the mung bean germplasm evaluated possesses significant genetic diversity, which is a critical prerequisite for successful crop improvement. The combined use of SSR markers, genetic similarity analysis, cluster analysis, and AMOVA provides a comprehensive understanding of the genetic structure of the population. The results emphasize the importance of utilizing genetically diverse parents in breeding programs to maximize genetic gain and ensure the development of superior cultivars.
Furthermore, the study highlights the value of integrating molecular marker technologies into conventional breeding approaches. By providing precise and reliable information on genetic relationships, SSR markers can greatly enhance the efficiency of selection and accelerate the development of improved mung bean varieties. In addition, the identification of genetically diverse and unique genotypes contributes to the conservation of genetic resources, which is essential for sustaining long-term breeding efforts. The genetic diversity revealed in this study offers significant opportunities for mung bean improvement. Strategic utilization of this diversity through well-designed breeding programs will facilitate the development of high-yielding, stress-tolerant, and nutritionally enhanced varieties, thereby contributing to food security and agricultural sustainability.
4. CONCLUSION
This study highlights significant and exploitable phenotypic variation among mung bean genotypes. Important yield-related traits especially pods per plant and 100-seed weight show high heritability alongside notable genetic advance, underscoring their strong potential for improvement through selection. The superior genotypes identified serve as valuable parental lines for breeding programs focused on enhancing yield and adaptability. Overall, the results offer a solid empirical foundation for prioritizing traits and selecting parents in mung bean improvement initiatives.
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