


Assessment of Genetic Diversity and Cluster Analysis for Yield and Yield-Related Traits in Mungbean (Vigna radiata L.)


Abstract
The present investigation was undertaken to assess the genetic diversity and cluster pattern among fifteen mungbean (Vigna radiata L.) genotypes based on yield and yield-related quantitative traits. The genotypes were evaluated for quantitative and physiological characters, and genetic divergence was assessed using Tocher’s method. The fifteen genotypes were grouped into five distinct clusters, indicating the presence of considerable genetic diversity among the genotypes. Cluster I comprised five genotypes, namely MH-421, GM-7, MH-1142, RMG-1131 and NANDI GOLD, whereas Clusters II and III consisted of three genotypes each. Cluster IV and Cluster V contained two genotypes each. Among the characters studied, seed yield per plant contributed the maximum (27.23%) to the total genetic diversity, followed by relative injury (24.03%), specific leaf area (21.51%), harvest index (8.40%) and 100-seed weight (8.24%). Days to maturity showed no contribution to genetic divergence, while plant height and number of pods per cluster contributed 0.34% each. The cluster means revealed considerable differences among clusters for most of the traits. Cluster IV recorded the highest seed yield per plant (11.40 g), whereas Cluster III showed the highest 100-seed weight (4.64 g) and number of pods per plant (29.08). Cluster IV also exhibited the highest relative water content (91.19%), while Cluster III recorded the lowest relative injury (43.32%), indicating better physiological performance under the conditions of evaluation. Cluster V showed the highest number of seeds per pod (12.00) but had the lowest 100-seed weight and seed yield per plant. The observed divergence among clusters suggests the existence of substantial genetic variability that can be effectively utilised in mungbean breeding programmes. Genotypes belonging to genetically diverse clusters, particularly those possessing desirable yield and physiological attributes, may be considered promising parents for hybridisation and subsequent selection aimed at improving yield and associated traits in mungbean.
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Introduction
Mungbean (Vigna radiata L.), commonly known as green gram, is an important short-duration grain legume belonging to the family Fabaceae. It is widely cultivated in tropical and subtropical regions and occupies an important position in sustainable pulse production systems. Mungbean seeds are highly nutritious and contain considerable amounts of protein, carbohydrates, dietary fibre, vitamins and minerals, making the crop an important component of human nutrition. In addition to its nutritional value, mungbean contributes to soil fertility through biological nitrogen fixation and fits well into various cropping systems because of its short duration and relatively low input requirement.
Despite its importance, mungbean productivity is influenced by several biotic and abiotic constraints, as well as substantial variation in yield and yield-contributing traits. The development of high-yielding and stable genotypes therefore requires the availability and effective utilisation of genetically diverse breeding material. Genetic diversity provides the basic foundation for crop improvement because the success of selection and hybridisation largely depends on the extent of variability present in the available germplasm. The identification of genetically divergent genotypes with desirable agronomic attributes can facilitate the selection of suitable parents for hybridisation programmes.
Recent evaluation of mungbean germplasm has also documented substantial variability and heritable variation in yield-associated traits, reinforcing the value of phenotypically diverse material for selection (Khushboo et al., 2026).
Multivariate statistical techniques provide an effective approach for assessing genetic divergence among genotypes based on several quantitative characters simultaneously. Among these methods, Mahalanobis' generalised distance and Tocher's method of clustering are widely used in plant breeding to classify genotypes into genetically distinct groups. Cluster analysis helps in identifying groups of genotypes with similar characteristics and also provides information regarding the extent of divergence between different clusters. Selection of parents from genetically divergent clusters may increase the possibility of obtaining desirable recombinants and broadening the genetic base of subsequent breeding populations.
A recent D² and principal component analysis of mungbean genotypes further demonstrated the utility of multivariate divergence assessment for identifying contrasting breeding material (Gulraize et al., 2025).
Yield in mungbean is a complex trait influenced by several component characters, including days to flowering, days to maturity, plant height, number of clusters per plant, number of pods per cluster, number of pods per plant, number of seeds per pod and seed weight. In addition, physiological traits such as relative water content, specific leaf area and relative injury can provide useful information regarding plant performance and adaptation under varying environmental conditions. Therefore, simultaneous evaluation of yield, yield-related and physiological traits can provide a more comprehensive understanding of genetic variability among mungbean genotypes.
SSR-based assessment of mungbean local collections and released varieties has likewise demonstrated measurable genetic diversity relevant to germplasm conservation and breeding (Gayacharan et al., 2025).
The contribution of individual characters to total genetic divergence is also important for determining which traits are primarily responsible for differentiation among genotypes. Characters contributing substantially to genetic diversity can be given greater consideration during parent selection and breeding programme formulation. Cluster-wise comparison of mean performance further helps in identifying clusters containing genotypes with desirable combinations of yield and associated traits.
Recent molecular characterization using SSR markers has provided complementary evidence of genetic differentiation among mungbean genotypes, supporting the value of integrating phenotypic and molecular diversity information in breeding programmes (Kumawat et al., 2026).
Within the evaluated set of fifteen mungbean genotypes, the extent to which quantitative, yield-related and physiological traits jointly contribute to genetic divergence and cluster differentiation remains to be clarified. Addressing this gap can help identify trait combinations relevant to parent selection within the studied material.
Considering the importance of genetic variability in mungbean improvement, the present study was undertaken to assess the genetic diversity among fifteen mungbean genotypes using quantitative and yield-related traits. The specific objectives were to classify the genotypes into distinct clusters using Tocher's method, determine the relative contribution of different characters to genetic divergence, and compare the cluster means for yield and yield-associated traits. The information generated from the study may be useful for identifying genetically diverse and agronomically promising genotypes for utilisation in future mungbean breeding programmes.
Materials and Methods
Plant Material
The present investigation was undertaken to assess genetic diversity and cluster relationships among fifteen mungbean (Vigna radiata L.) genotypes. The experimental material consisted of fifteen genetically diverse genotypes, viz., MH-421, GM-7, MH-1142, RMG-1131, NANDI GOLD, IPM-604-1, PM-1522, SKAVM-365, ML-818, GM-01, SML-1901, IPM-2-4, MH-1762, PL-16 and IPM-99-125.
Characterization of Genotypes
The characters included days to 50% flowering, days to maturity, plant height (cm), number of clusters per plant, number of pods per cluster, number of pods per plant, number of seeds per pod, 100-seed weight (g), harvest index (%), relative water content (RWC, %), specific leaf area (SLA, cm² g⁻¹), relative injury (%) and seed yield per plant (g).
The mean performance of each genotype was recorded for all characters under study. The observations were subjected to appropriate statistical analysis to determine the magnitude of variability among the genotypes.
Statistical Analysis
The mean data obtained for the thirteen characters were used for the estimation of genetic divergence among the fifteen mungbean genotypes. Multivariate analysis was employed to assess the degree of divergence by considering all the characters simultaneously. Mahalanobis' generalised distance (D²) was used as a measure of genetic divergence among the genotypes.
The use of Mahalanobis' D² statistic permits the assessment of genetic divergence based on multiple correlated characters and provides a quantitative measure of the relative distance between genotypes. The calculated D² values were subsequently used for grouping the genotypes into different clusters.
Clustering of Genotypes
The fifteen mungbean genotypes were grouped into different clusters following Tocher's method. The number of clusters formed and the genotypes included in each cluster were used to assess the pattern of genetic diversity present in the experimental material. The cluster composition was also examined to identify groups containing genotypes with similar or contrasting phenotypic performance.
Contribution of Individual Characters to Genetic Divergence
The relative contribution of individual characters towards total genetic divergence was estimated based on the frequency with which each character ranked first in contributing to the divergence. The number of times a character ranked first was recorded, and its percentage contribution to the total divergence was calculated.
Characters showing a higher percentage contribution were considered to have a greater role in differentiating the mungbean genotypes. Such information is useful for identifying important traits that should receive greater emphasis during selection and parent choice in breeding programmes.
Cluster Mean Analysis
Cluster-wise mean values were calculated for all thirteen characters to characterise the performance of the different clusters. The cluster means were compared with respect to flowering and maturity duration, plant height, yield components, seed weight, harvest index and physiological traits.
Particular emphasis was given to seed yield per plant and its major contributing characters, including number of pods per plant, number of seeds per pod and 100-seed weight. Physiological traits such as relative water content, specific leaf area and relative injury were also considered for characterizing the physiological performance of the clusters.
The cluster means were used to identify clusters possessing desirable combinations of yield and yield-related traits. The information obtained from genetic divergence, cluster analysis and character contribution was considered useful for selecting diverse and promising parents for future mungbean improvement programmes.
3. Results and Discussion
3.1 Mean performance
The mean performance of mungbean genotypes for thirteen quantitative and physiological characters is presented in Table 1. Considerable variation was observed among the genotypes for almost all the characters studied, indicating the presence of substantial phenotypic diversity in the experimental material. The observed variability for phenological, morphological, yield-component and physiological traits provides an opportunity for identifying promising genotypes and diverse parents for mungbean improvement. Similar considerable variability for flowering, maturity, plant height, pods per plant, seeds per pod, seed weight and seed yield has been reported in recent mungbean diversity studies (Kalia et al., 2026; Dhasarathan et al., 2026; Irfan et al., 2025). Large-scale mungbean germplasm evaluations have further demonstrated that quantitative variation can be effectively exploited through multivariate analysis for the identification of diverse genotypes and trait-specific donors (Han et al., 2025; Dhasarathan et al., 2026). Such phenotypic diversity is important for the selection of superior genotypes and for the development of suitable breeding populations aimed at improving yield and associated traits in mungbean.
 
Days to 50% flowering
Days to 50% flowering varied from 31.00 days in NANDI GOLD to 39.00 days in MH-1142 and GM-01. NANDI GOLD was the earliest flowering genotype, followed by IPM-99-125 (32.33 days), PM-1522 and MH-1762 (33.33 days each), and SML-1901 (33.67 days). In contrast, MH-1142 and GM-01 required the longest period to reach 50% flowering.
The variation in flowering time is of considerable breeding importance because early flowering can contribute to early maturity and may permit the crop to escape terminal drought, heat and other late-season stresses. The coefficient of variation for this trait was relatively low (3.19%), indicating comparatively good experimental precision. The critical difference (CD) at 5% was used to determine whether the differences among genotype means were statistically significant. Considerable variation in flowering time has also been documented in large mungbean germplasm collections and recent multi-environment studies, confirming the importance of phenological diversity for adaptation and breeding. (Rohilla et al., 2026; Rohilla et al., 2022)
Days to maturity
Days to maturity ranged from 61.33 days in NANDI GOLD to 69.00 days in GM-01. NANDI GOLD was the earliest maturing genotype, while GM-01 showed the longest duration. PM-1522 and IPM-99-125 matured in 63.33 days, whereas several genotypes required approximately 64–68 days.
The observed variation indicates the availability of early- and medium-duration materials in the studied germplasm. Early maturity is particularly useful in mungbean because it permits fitting the crop into intensive cropping systems and may reduce exposure to terminal environmental stresses. Recent studies have similarly emphasised flowering and maturity duration as important sources of phenotypic differentiation among mungbean genotypes. Genome-wide studies have also demonstrated substantial genetic variation for flowering and maturity traits, supporting their use in selection and adaptation breeding.
Plant height
Plant height ranged from 33.50 cm in SKAVM-365 to 48.50 cm in MH-421. MH-421 recorded the maximum plant height, followed by GM-01 (47.27 cm), MH-1762 (46.13 cm), GM-7 (45.57 cm) and ML-818 (45.47 cm). The relatively shorter plant type observed in SKAVM-365 may be useful in breeding programmes where compact plant architecture is desired, whereas taller genotypes may provide greater biomass and may be useful depending upon the target production system.
The coefficient of variation was 6.42%, indicating reasonable experimental precision. Significant variation for plant height has frequently been observed in mungbean diversity studies. Large germplasm evaluations have identified plant height as one of the important traits contributing to genetic differentiation, while molecular and phenotypic studies have also reported substantial variation for this character. (Mwangi et al., 2021; Azam et al., 2023; Yadav et al., 2024)
Number of clusters per plant
The number of clusters per plant ranged from 6.47 in PM-1522 to 10.80 in GM-7. GM-7 recorded the highest number of clusters per plant, followed by IPM-604-1 (10.27), MH-1142 (9.60), GM-01 (9.40) and MH-1762 (9.33). PM-1522 had the lowest value.
Since the number of clusters per plant contributes directly to reproductive sink development, the variation observed for this trait is of considerable breeding significance. The contribution analysis further showed that clusters per plant contributed 3.53% towards total genetic diversity. Recent multivariate studies in mungbean have similarly identified branching and cluster-related characters among important sources of variation.
Number of pods per cluster
The number of pods per cluster varied from 2.69 in IPM-99-125 to 4.01 in ML-818. ML-818 recorded the maximum number of pods per cluster, followed by PM-1522 (3.75) and SKAVM-365 (3.67). IPM-99-125 had the lowest value.
The presence of substantial variability for pods per cluster suggests that this trait can be considered during selection, particularly when combined with high pod number per plant and acceptable seed size. The present findings are consistent with earlier studies reporting significant variability for pod-related traits in mungbean. Multivariate analyses have repeatedly shown that yield components such as pods per plant, pod traits and seed weight are important contributors to genetic differentiation. (Anita et al., 2024; Bansod et al., 2021)
Number of pods per plant
A wide range was observed for pods per plant, from 20.67 in IPM-99-125 to 33.20 in MH-1762. MH-1762 recorded the highest number of pods per plant, followed by IPM-604-1 (31.13) and ML-818 (30.40). IPM-2-4 also recorded a comparatively high value of 29.87 pods per plant.
The wide variation for pods per plant is particularly important because this character is one of the major yield components in mungbean. The high-performing genotypes identified for this trait may serve as useful parental material for improving reproductive productivity. Recent studies have demonstrated significant relationships between pods per plant and seed yield and have identified pod number as an important trait for selection and genetic improvement.
Number of seeds per pod
Seeds per pod ranged from 10.53 to 12.20. IPM-604-1 recorded the highest number of seeds per pod (12.20), followed by PM-1522 (12.07), MH-1762 (11.93) and PL-16 (11.80). The lowest values were recorded in GM-7, RMG-1131 and NANDI GOLD (10.53 each).
The variation observed for seeds per pod indicates the existence of useful genetic variability for this yield component. The importance of seeds per pod is further supported by recent genome-wide and phenotypic studies, which have detected substantial variation and genetic associations for this character.
100-seed weight
Marked variation was observed for 100-seed weight, which ranged from 2.48 g in SKAVM-365 to 6.77 g in NANDI GOLD. NANDI GOLD was clearly superior for seed size, followed by GM-7 (4.64 g), PM-1522 and SML-1901 (4.34 g each).
The relatively large variation in seed weight is of direct importance for breeding because seed size is an important market and quality attribute in mungbean. The contribution analysis revealed that 100-seed weight accounted for 8.24% of total genetic diversity. Recent genomic studies have further demonstrated that hundred-seed weight has a significant genetic basis and have identified QTLs associated with this trait, emphasizing its potential for molecular-assisted improvement. (Han et al., 2025; Zaman et al., 2026)
Harvest index
Harvest index varied from 34.40% in RMG-1131 to 47.47% in MH-421. MH-421 recorded the highest harvest index, followed by SKAVM-365 (45.73%), GM-7 (44.23%) and GM-01 (43.20%). The relatively low harvest index of RMG-1131 suggests comparatively lower partitioning efficiency towards economic yield under the conditions of evaluation.
Harvest index contributed 8.40% to the total genetic diversity, indicating a meaningful role of this trait in differentiating the genotypes. Previous mungbean studies have also reported harvest index as an important trait for genetic variability and selection for yield improvement.
Relative water content
Relative water content (RWC) varied considerably among the genotypes, ranging from 73.29% in RMG-1131 to 89.50% in MH-1762. MH-1762 recorded the highest RWC, followed by PL-16 (86.44%), SKAVM-365 (85.99%), IPM-604-1 (84.89%) and GM-7 (84.58%).
Higher RWC generally reflects better tissue water status under the conditions under which it is measured and can therefore provide useful physiological information in screening material for stress adaptation. The considerable variation observed in the present material indicates the possibility of combining desirable physiological attributes with high yield. The inclusion of physiological characters alongside conventional yield traits therefore provides a broader basis for identifying useful breeding material.
Specific leaf area
Specific leaf area (SLA) showed a particularly wide range, from 143.87 cm² g⁻¹ in GM-7 to 241.98 cm² g⁻¹ in RMG-1131, with MH-421 (207.45 cm² g⁻¹) and IPM-604-1 (219.88 cm² g⁻¹) also showing relatively high values.
The large variation in SLA suggests substantial physiological differentiation among the genotypes. SLA is associated with leaf structural characteristics and resource-use patterns, and therefore its inclusion in diversity analysis can help distinguish genotypes that may otherwise show relatively similar agronomic performance. The very high contribution of SLA to genetic divergence in the present investigation further indicates that this physiological trait played an important role in genotype discrimination.
Relative injury
Relative injury ranged from 39.66% in GM-7 to 71.22% in ML-818. GM-7 recorded the lowest relative injury, followed by MH-1142 (49.73%), GM-01 (54.13%), PM-1522 (54.25%) and IPM-99-125 (56.85%). ML-818 showed the highest relative injury.
Lower relative injury under a stress-screening or membrane-stability assessment generally indicates comparatively lower cellular injury. Therefore, genotypes such as GM-7, MH-1142 and GM-01 may possess useful physiological characteristics for further evaluation under the relevant stress condition. However, because the present experiment provides trait values rather than a separate stress-treatment comparison, these genotypes should be described as promising physiological materials rather than definitively stress tolerant.
Importantly, relative injury contributed 24.03% towards total genetic diversity, making it the second most important character in the present contribution analysis. This indicates that the physiological response represented by relative injury was a major source of differentiation among the fifteen genotypes.
Seed yield per plant
Seed yield per plant varied from 7.33 g in RMG-1131 to 11.73 g in IPM-604-1. IPM-604-1 recorded the highest seed yield per plant, followed by MH-1762 (11.53 g), whereas GM-7 and ML-818 recorded 9.40 g each. The lowest yields were observed in RMG-1131 (7.33 g), GM-01 (7.40 g) and SKAVM-365 (7.60 g).
The difference between IPM-604-1 and MH-1762 was only 0.20 g, which is smaller than the reported CD at 5% (0.54 g); therefore, these two genotypes should not be described as significantly different from each other at the 5% level. Both may be considered promising high-yielding genotypes within the present material.
Seed yield per plant was the most important contributor to genetic diversity, accounting for 27.23% of the total contribution. This result emphasizes the central role of yield itself in differentiating the evaluated genotypes. Recent mungbean studies have similarly identified seed yield and associated pod traits as major sources of genetic variation and as important targets for selection.
3.2 Contribution of individual characters towards genetic diversity
The contribution of different quantitative and physiological characters to genetic diversity is presented in Table 3. The results indicated that seed yield per plant made the highest contribution to total divergence (27.23%), followed by relative injury (24.03%) and specific leaf area (21.51%). Harvest index and 100-seed weight contributed 8.40% and 8.24%, respectively. (Gupta et al., 2023; Srivastava et al., 2024)
The remaining traits made comparatively smaller contributions. Number of clusters per plant contributed 3.53%, days to 50% flowering 2.69%, relative water content 1.01%, while plant height and pods per cluster each contributed 0.34%. Days to maturity showed no contribution according to the presented table.
The predominance of seed yield, relative injury and SLA indicates that both productivity and physiological characteristics were important in differentiating the genotypes. Such results support the usefulness of combining conventional agronomic characters with physiological traits in genetic diversity studies.
The high contribution of seed yield in the present investigation agrees with recent studies in which seed yield and its associated characters were important in PCA, cluster analysis and genetic divergence studies. In a rainfed mungbean study, seed yield contributed substantially to overall variation, while other studies have identified seed yield, pods per plant, seed weight and plant height as important discriminating traits.
3.3 Cluster analysis of mungbean
Mahalanobis D² analysis followed by Tocher's method grouped the fifteen mungbean genotypes into five distinct clusters. Cluster I was the largest and contained five genotypes, namely MH-421, GM-7, MH-1142, RMG-1131 and NANDI GOLD. Cluster II contained three genotypes—IPM-604-1, PM-1522 and SKAVM-365—while Cluster III also contained three genotypes—ML-818, GM-01 and SML-1901. Cluster IV consisted of IPM-2-4 and MH-1762, whereas Cluster V consisted of PL-16 and IPM-99-125.
Thus, Cluster I represented 33.33% of the total genotypes, Clusters II and III each represented 20.00%, and Clusters IV and V each represented 13.33%.
The formation of five clusters from only fifteen genotypes indicates appreciable diversity within the experimental material. The clustering of genotypes does not necessarily correspond to their geographical or pedigree relationships; rather, it reflects their overall multivariate similarity based on the characters included in the analysis. Recent mungbean studies using cluster analysis, PCA and molecular markers have similarly reported the formation of distinct clusters, demonstrating substantial phenotypic and genetic differentiation within mungbean germplasm.
The occurrence of multiple genotypes in Cluster I suggests comparatively greater similarity among these genotypes for the characters considered. In contrast, the smaller clusters, particularly Clusters IV and V, may represent relatively distinct combinations of traits. Such cluster information can assist breeders in identifying contrasting parents, although final parent selection should preferably consider actual inter-cluster distances as well as cluster means rather than cluster membership alone. (Sharma et al., 2026; Das et al., 2026; Altaf, 2026; Gull et al., 2025; Thakur et al., 2025; Gupta et al., 2013)
3.4 Cluster mean performance
The cluster mean values revealed differences among clusters for flowering, maturity, plant height, reproductive traits, physiological characters and seed yield.
For days to 50% flowering, Cluster IV recorded the lowest mean (32.67 days), indicating relatively early flowering, whereas Cluster V showed the highest mean (39.33 days). Cluster IV also recorded the lowest mean days to maturity (63.67 days), while Cluster V showed the highest maturity duration (69.67 days). Therefore, based on the cluster means as presented, Cluster IV represents a relatively early-flowering and early-maturing group, whereas Cluster V represents a relatively late group.
Cluster V recorded the highest mean plant height (49.50 cm), closely followed by Cluster IV (49.17 cm), whereas Cluster II recorded the lowest mean plant height (39.37 cm). Cluster III showed the highest mean number of clusters per plant (9.67), followed by Cluster V (9.53). For pods per cluster, Cluster I showed the highest mean (3.47), while Cluster IV had the lowest mean (2.85).
Cluster III recorded the highest mean number of pods per plant (29.08), followed by Cluster I (28.16). The lowest mean for pods per plant was recorded in Cluster IV (22.00). For seeds per pod, Cluster V showed the highest mean (12.00), while Cluster IV showed the lowest (10.40).
Cluster III exhibited the highest mean 100-seed weight (4.64 g), followed by Cluster I (3.83 g), whereas Cluster V showed the lowest value (2.94 g). This suggests that Cluster III may be useful for improving seed size while maintaining a relatively high pod number.
For harvest index, Cluster I recorded the highest mean value (41.11%), followed by Cluster III (40.92%) and Cluster V (40.07%). Cluster II showed the lowest mean (36.67%).
Considerable differences were also observed for physiological traits. Cluster IV showed the highest mean RWC (91.19%), whereas Cluster V recorded the lowest mean (78.70%). Cluster IV also had the highest SLA (176.06 cm² g⁻¹), while Cluster V showed the lowest SLA (138.85 cm² g⁻¹). For relative injury, Cluster III recorded the lowest mean value (43.32%), whereas Cluster IV showed the highest mean (72.92%). Thus, Cluster III combined relatively high seed weight and pod number with the lowest mean relative injury among the clusters, whereas Cluster IV exhibited high RWC but also high relative injury.
The highest cluster mean for seed yield per plant was recorded in Cluster IV (11.40 g), followed by Cluster III (10.58 g). Cluster V recorded the lowest mean seed yield (7.20 g). Based strictly on the values presented in Table 4, Cluster IV therefore appears to be the most promising cluster for seed yield, while Cluster III appears promising for a combination of seed yield, pods per plant, 100-seed weight and relatively lower relative injury.
Recent studies have similarly demonstrated the usefulness of cluster means for identifying groups with desirable combinations of yield and yield-related characters. For example, recent multivariate analyses have identified particular clusters with superior yield and yield components and have suggested that contrasting clusters can provide useful parental combinations.
3.5 Identification of promising genotypes and breeding implications
Considering individual genotype performance, IPM-604-1 and MH-1762 emerged as particularly promising materials. IPM-604-1 also recorded the highest number of seeds per pod (12.20), high pods per plant (31.13), high clusters per plant (10.27) and comparatively high RWC (84.89%). MH-1762 recorded high seed yield (11.53 g), the highest number of pods per plant (33.20), high seeds per pod (11.93) and the highest RWC (89.50%).
NANDI GOLD was particularly notable for earliness and seed size, recording the earliest flowering (31.00 days), earliest maturity (61.33 days) and highest 100-seed weight (6.77 g). GM-7 was characterised by a high number of clusters per plant (10.80), low relative injury (39.66%) and comparatively high seed yield (9.40 g). ML-818 recorded the highest pods per cluster (4.01), high pods per plant (30.40) and relatively high seed yield (9.40 g), although it showed the highest relative injury.
These contrasting trait combinations suggest that the genotypes could be utilised according to specific breeding objectives. For example, IPM-604-1 and MH-1762 may be useful for yield improvement, NANDI GOLD for earliness and bold seed size, GM-7 for cluster number and low relative injury, and ML-818 for pod-related traits.
Recent studies have emphasised that effective mungbean parent selection should integrate yield performance, trait relationships, genetic divergence and, increasingly, molecular information. Large germplasm studies have identified trait-specific donors and diverse accessions, while recent molecular studies have shown that phenotypic and molecular clustering may provide complementary information for parent selection.
       The present investigation revealed substantial diversity among the fifteen mungbean genotypes for phenological, morphological, yield-component and physiological traits. The formation of five clusters indicates meaningful differentiation within the material. Seed yield per plant was the largest contributor to genetic diversity, followed by relative injury and specific leaf area, emphasizing the importance of both productivity and physiological traits in differentiating the genotypes.
      The results suggest that selection should not be based on a single trait. Instead, genotypes possessing complementary combinations of high yield, desirable yield components, appropriate maturity duration and favourable physiological attributes should be considered. In particular, IPM-604-1 and MH-1762 appeared promising for yield improvement, while NANDI GOLD, GM-7 and ML-818 possessed specific desirable traits that could be incorporated into breeding programmes.
The present findings are broadly supported by recent mungbean diversity studies reporting substantial phenotypic variation, distinct clustering patterns, important contributions of yield-related traits and the usefulness of multivariate approaches for identifying diverse and superior breeding materials.
Table 1. Mean performance of fifteen mungbean genotypes
	Sl. No.
	Genotype
	Days to 50% Flowering
	Days to Maturity
	Plant Height (cm)
	Cluster/Plants
	Pods/Cluster
	Pods/Plant
	Seeds/Pod
	100-Seed Weight (g)
	Harvest Index (%)
	RWC (%)
	SLA (cm² g⁻¹)
	Relative Injury (%)
	Seed Yield/Plant (g)

	1
	MH-421
	37.33
	66.67
	48.5
	7.47
	3.34
	24.53
	11.2
	3.52
	47.47
	81.54
	207.45
	67.39
	8.8

	2
	GM-7
	35.67
	64.67
	45.57
	10.8
	3.45
	28.73
	10.53
	4.64
	44.23
	84.58
	143.87
	39.66
	9.4

	3
	MH-1142
	39.0
	68.0
	44.0
	9.6
	3.09
	26.87
	11.47
	3.64
	39.77
	80.62
	154.5
	49.73
	8.4

	4
	RMG-1131
	37.67
	67.33
	42.93
	7.6
	3.19
	24.4
	10.53
	3.69
	34.4
	73.29
	241.98
	67.87
	7.33

	5
	NANDI GOLD
	31.0
	61.33
	34.63
	8.27
	3.15
	22.87
	10.53
	6.77
	40.03
	78.22
	154.69
	64.75
	8.4

	6
	IPM-604-1
	35.33
	65.0
	39.3
	10.27
	3.04
	31.13
	12.2
	3.38
	39.27
	84.89
	219.88
	61.01
	11.73

	7
	PM-1522
	33.33
	63.33
	39.63
	6.47
	3.75
	24.07
	12.07
	4.34
	38.7
	82.64
	146.65
	54.25
	8.87

	8
	SKAVM-365
	34.67
	64.67
	33.5
	7.6
	3.67
	28.4
	10.6
	2.48
	45.73
	85.99
	154.09
	66.79
	7.6

	9
	ML-818
	35.67
	66.33
	45.47
	8.53
	4.01
	30.4
	11.2
	3.66
	34.97
	82.31
	151.76
	71.22
	9.4

	10
	GM-01
	39.0
	69.0
	47.27
	9.4
	3.51
	27.8
	11.47
	3.53
	43.2
	81.84
	166.22
	54.13
	7.4

	11
	SML-1901
	33.67
	64.0
	43.3
	7.6
	3.47
	24.87
	11.4
	4.34
	35.33
	83.83
	166.04
	66.26
	8.53

	12
	IPM-2-4
	35.67
	65.67
	42.0
	8.67
	3.05
	29.87
	10.87
	4.12
	40.47
	84.52
	156.99
	62.75
	8.73

	13
	MH-1762
	33.33
	64.33
	46.13
	9.33
	3.44
	33.2
	11.93
	4.12
	41.17
	89.5
	153.77
	65.64
	11.53

	14
	PL-16
	36.33
	66.33
	39.37
	8.33
	3.01
	25.0
	11.8
	3.52
	36.67
	86.44
	160.98
	70.04
	8.0

	15
	IPM-99-125
	32.33
	63.33
	39.43
	8.4
	2.69
	20.67
	11.6
	3.67
	39.8
	80.38
	153.03
	56.85
	8.13

	General Mean
	34.55
	64.89
	41.85
	8.72
	3.36
	27.18
	11.26
	4.03
	40.23
	54.2
	84.09
	166.85
	62.6
	9.25

	S.Ed.
	0.64
	0.67
	1.55
	0.3
	0.18
	1.33
	0.2
	0.17
	1.05
	0.96
	0.94
	4.11
	1.65
	0.19

	CD (5%)
	1.8
	1.88
	4.38
	0.85
	0.5
	3.74
	0.57
	0.47
	2.98
	2.7
	2.65
	11.6
	4.65
	0.54

	CD (1%)
	2.39
	2.5
	5.81
	1.13
	0.66
	4.97
	0.75
	0.62
	3.95
	3.58
	3.52
	15.41
	6.17
	0.72

	C.V.(%)
	3.19
	1.78
	6.42
	6.0
	9.05
	8.46
	3.09
	7.12
	4.54
	3.05
	1.94
	4.27
	4.56
	3.61



Table 2. Distribution of fifteen mungbean genotypes into different clusters based on Tocher's method
	Cluster
	Number of genotypes
	Genotypes

	I
	5
	MH-421, GM-7, MH-1142, RMG-1131, NANDI GOLD

	II
	3
	IPM-604-1, PM-1522, SKAVM-365

	III
	3
	ML-818, GM-01, SML-1901

	IV
	2
	IPM-2-4, MH-1762

	V
	2
	PL-16, IPM-99-125



Table 3. Contribution of individual quantitative and physiological traits towards genetic diversity in mungbean
	S. No.
	Character
	Number of times ranked first
	Contribution (%)

	1
	Days to 50% flowering
	16
	2.69

	2
	Days to maturity
	0
	0.00

	3
	Plant height
	2
	0.34

	4
	Clusters plant⁻¹
	21
	3.53

	5
	Pods cluster⁻¹
	2
	0.34

	6
	Pods plant⁻¹
	3
	0.50

	7
	Seeds pod⁻¹
	3
	0.50

	8
	100-seed weight
	49
	8.24

	9
	Harvest index
	50
	8.40

	10
	Relative water content
	6
	1.01

	11
	Specific leaf area
	128
	21.51

	12
	Relative injury
	143
	24.03

	13
	Seed yield plant⁻¹
	162
	27.23



Conclusion
        The present investigation revealed substantial genetic diversity among the fifteen mungbean genotypes for yield, yield-attributing and physiological traits. Considerable variation was observed for flowering and maturity duration, plant height, clusters and pods per plant, seeds per pod, 100-seed weight, harvest index, relative water content, specific leaf area, relative injury and seed yield per plant. Among the evaluated genotypes, IPM-604-1 and MH-1762 showed superior seed yield per plant, while NANDI GOLD exhibited early flowering and maturity along with the highest 100-seed weight. These genotypes may therefore serve as useful parents in breeding programmes aimed at improving productivity and earliness.
       The contribution analysis indicated that seed yield per plant, relative injury and specific leaf area were the major contributors to genetic divergence, suggesting that these traits can be given greater emphasis during selection and parent identification. Tocher's clustering grouped the fifteen genotypes into five distinct clusters, indicating considerable genetic divergence among the genotypes. The differences among cluster means further demonstrated the presence of useful variability for both agronomic and physiological traits.
 The study demonstrates that the evaluated mungbean genotypes possess sufficient genetic variability for effective selection and hybridisation. Genetically diverse and agronomically superior genotypes, particularly IPM-604-1 and MH-1762, can be considered promising materials for future mungbean improvement programmes. Selection of parents from genetically divergent clusters, combined with desirable yield and physiological attributes, may help in developing high-yielding, stable and stress-adapted mungbean varieties.

Limitations: 
The study was based on fifteen mungbean genotypes evaluated for thirteen quantitative and physiological traits, which limits the breadth of genetic diversity represented. The assessment relied mainly on phenotypic and physiological measurements, without molecular characterisation to complement the observed variation among genotypes. The findings are therefore specific to the evaluated genetic material and experimental conditions. Future studies should include a larger and more diverse set of genotypes, multi-environment evaluation and complementary molecular approaches to strengthen the assessment of genetic diversity and improve the broader applicability of the findings.
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