

Genetic diversity assessment in mungbean [Vigna radiata (L.) Wilczek] genotypes using D2 statistics and PCA 
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ABSTRACT

	Introduction: Mungbean (Vigna radiata L. 2n=2x=22, Fabaceae) is the third major pulse crop covering nearly 8 percent of the total pulse area of the country after chickpea and pigeonpea

Aim: To study the genetic diversity among mungbean (Vigna radiata (L.) Wilczek) genotypes using D2 statistics and PCA.
Study design:  Randomized Block Design
Place and Duration of Study: College of Agriculture, PJTAU, Rajendranagar, Hyderabad, Telangana during summer season in 2025.
Methodology: The study material comprised of 37 mungbean genotypes including three checks which were sown in two rows of 3 meter each in three replications and a spacing of 30 cm x 10 cm. Observations were recorded on nine agro-morphological characters. Statistical analysis was conducted using INDOSTAT software for genetic diversity and principal component analysis.
Results: Analysis of variance showed that there was significant variation among all characters examined. Thirty-seven mungbean genotypes were grouped into seven distinct clusters. Cluster I was largest with 31 genotypes and remaining were monogenotypic clusters. 
Maximum inter cluster distance was observed between cluster V and VII. Genotypes in Cluster V and cluster VI recorded highest mean values for most of the yield contributing traits. The first four principal components explained 80.02% of the total variation. Hundred seed weight contributed to maximum genetic divergence followed by number of pods per plant.
Conclusion: The genotypes from cluster V and cluster VI can be used as parents for yield improvement.
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1. INTRODUCTION

Mungbean (Vigna radiata L. 2n=2x=22, Fabaceae) is the third major pulse crop covering nearly 8 percent of the total pulse area of the country after chickpea and pigeonpea. It is mostly grown in Asia but its cultivation has also spread to Africa and America in the recent times. Mungbean is excellent source of high-quality protein and due to low cost, it is designated as “poor man’s meat”, Potter and Hotchkiss (1997). “Mungbean protein is comparatively rich in lysine, an essential amino acid that is predominantly deficient in most cereal grains”, Baskaran et al. (2009). “Mungbean is well suited to a large number of cropping systems. The majority of the world's greengram comes from India and it is grown in almost every state of India. Yield potential of mungbean is in the range of 2.5–3.0 t/ha, however, the average productivity of mungbean is staggering low at 0.57 t/ha”, Nair et al. (2019). 
Yield is a multifaceted trait and highly influenced by the environment due to polygenic effects, Allard (1960). Effective utilization of the gene pool is essential for developing high-yielding cultivars. AVRDC - The World Vegetable Center has played a significant role in evolving improved mungbean germplasm in Asia. Genetic diversity in plants reflects the extent of variation present within populations. Multivariate approaches such as D² analysis and principal component analysis are useful tools for quantitatively assessing genetic diversity. The present study was formulated to study the genetic divergence of 37 mungbean genotypes for selection of diverse genotypes for utilization in hybridization programme to exploit heterosis and develop superior recombinants.

2. material and methods 

2.1 Material and Planting

The experimental material comprised of 37 genotypes (34 genotypes are advance lines obtained from World Vegetable Centre, ICRISAT, Patancheru and 3 check varieties). This study was carried out during summer season of 2025 in Randomized Block Design with three replications at College Farm, College of Agriculture, PJTAU, Rajendranagar, Hyderabad. All the genotypes were sown in 2 rows of 3 meter long with distant of 30 cm between the row and 10 cm within the plant. All the recommended package of practices was adopted to raise the crop. 

2.2 Data Collection

Nine traits viz., days to 50 percent flowering, plant height (cm), days to maturity, number of pods per plant, number of clusters per plant, pod length (cm), number of seeds per pod, 100-seed weight (g) and seed yield per plant (g) were recorded from five randomly selected plants in each of the genotypes per replication, except days to 50 per cent flowering and days to maturity which were recorded on plot basis. Statistical analysis was conducted using INDOSTAT software for cluster analysis, genetic divergence and principal component analysis.

2.3 Statistical Analysis

The assessment of genetic divergence was conducted as per the Mahalanobis D2 statistics, Mahalanobis (1936) followed by the Tocher’s method, Rao (1952). The determination of cluster means, average distances within and between clusters and the contribution of various traits total divergence was carried out as per, Singh and Choudhary (1977). The principal components were extracted using a correlation matrix. The test of significance for the correlated variables had been done using ‘Ʌ’ statistic which in turn utilizes Wilk’s criterion.

3. RESULTS AND DISCUSSION 

Analysis of variance (data not presented) revealed that significant differences existed among the genotypes for all the characters studied.
Mahalanobis D2 statistic is widely used for studying genetic diversity (Tawar et al., 1998, Manivannan, 2002 and Patel et al.,2003). On the basis of D2 values, the thirty-seven genotypes were grouped into seven clusters following Tocher's method (table 1). Cluster I was polygenotypic (largest cluster with 31 genotypes) while the remaining 6 clusters were monogenotypic. The released varieties MGG 295 and WGG 37 were classified into separate monogenotypic clusters while WGG 42 was grouped in cluster I. Recent studies grouped 60 genotypes into 14 clusters with cluster I showing “maximum number of genotypes i.e., 29, followed by cluster II (17 genotypes), cluster XII (3 genotypes) and one genotype in each of other eleven clusters which depicts a large amount of variation between and among the genotypes” (Nalajala et al., 2023). Similarly, Das et al. (2010) grouped 23 genotypes in 8 clusters. It is observed that “genotypes with similar pedigree were grouped in the same cluster”. Genotypes derived from four crosses NM94 X ML1628 F6, NM94 X HARSHA F6, KPS 2 X NM94 F6, AVMU 1683 X ML 1299 F7 were grouped in Cluster I.  

	Twenty-one genotypes evaluated in the study had NM94 as one of the parental lines. Similarly, 5 genotypes share KPS2 as one of the parental lines and 8 genotypes have ML 1628 F6 as common parent. Ten genotypes evaluated in the study were derived from a single cross AVMU1683 X ML 1299 F7. Few genotypes i.e., AVMU-1697, AVMU-1685, AVMU-1677 and AVMU-16103 belong to monogenotypic clusters II, IV, V and VI respectively. These genotypes also share related pedigree, but owing to their specific trait combinations they were classified into different clusters. The released mungbean varieties MGG 295 and WGG 37 were grouped under cluster III and VII respectively. Katiyar et al. (2009) and Singh et al. (2014) emphasized the importance of maintaining high genetic diversity to generate greater variation and achieve substantial genetic gain through selection. 

Table 1. Distribution of 37 mungbean genotypes into different clusters by Tocher’s method
	Cluster No.
	Number of genotypes included
	Genotypes

	I
	31
	AVMU-1683, AVMU-1686, AVMU-1690, AVMU-1689, AVMU-1680, AVMU-1681, AVMU-1682, AVMU-1684, AVMU-1687, AVMU-1698, AVMU-16101, AVMU-1699, AVMU-1695, AVMU-16100, AVMU-1694, AVMU-1696, AVMU-1679, AVMU-1676, AVMU-1678, AVMU-16102, AVMU-21256, AVMU-21259, AVMU-21263, AVMU-21266, AVMU-21268, AVMU-21273, AVMU-21279, AVMU-21280, AVMU-21287, AVMU-21288, WGG-42

	II
	1
	AVMU-1697

	III
	1
	MGG-295

	IV
	1
	AVMU-1685

	V
	1
	AVMU-1677

	VI
	1
	AVMU-16103

	VII
	1
	WGG-37



	The average inter and intra cluster distances have been shown in the table 2. The intra cluster distance varied from 0.00 (cluster II to VII) to 7.69 (cluster I). Inter cluster distance was minimum between cluster II and cluster V (7.55) followed by cluster II and cluster IV (8.12) suggesting closer relationship. Maximum inter-cluster distance existed between cluster V and VII (36.07) followed by cluster II and VII (35.54).  This shows that genotypes in these clusters are having broad spectrum of genetic diversity. Therefore, highly heterotic crosses can be obtained by selection of genotypes belonging to diverse clusters such as V and VII as parental lines in hybridization program.
Table 2. Average inter and intra cluster distances (D2) of seven clusters of mungbean genotypes
	Cluster
	I
	II
	III
	IV
	V
	VI
	VII

	I
	7.69
	12.7
	12.5
	12.43
	14.02
	20.76
	31.91

	II
	 
	0.00
	31.01
	8.12
	7.55
	20.91
	35.54

	III
	 
	 
	0.00
	19.62
	27.17
	15.79
	34.12

	IV
	 
	 
	 
	0.00
	11.44
	12.45
	26.09

	V
	 
	 
	 
	 
	0.00
	24.14
	36.07

	VI
	 
	 
	 
	 
	 
	0.00
	34.76

	VII
	 
	 
	 
	 
	 
	 
	0.00



A wide range of variation was observed in cluster means for all the characters studied (table 3). The cluster V showed high mean values for seed yield per plant followed by cluster IV, for the characters like days to 50% flowering, plant height and days to maturity, cluster VI showed highest mean value and while cluster V showed high mean values for 100-seed weight and pod length. The minimum mean value for days to 50% flowering was observed in cluster II, which may be suitable source for earliness. Cluster VII showed high mean values for number of pods per plant and number of seeds per pod. The results indicated that among the 37 genotypes studied AVMU-1677 and AVMU-1685 showed better performance for seed yield per plant, 100 seed weight, plant height and number of pods per plant. The genotype AVMU-1677 showed better performance for pod length and number of seeds per pod. 

Table 3. Mean performance of clusters for nine characters in mungbean
	[bookmark: _Hlk207033339]Cluster
	Days to 50% flowering
	Plant height (cm)
	Days to maturity
	Number of pods/ plant
	Number of clusters/ plant
	Pod length (cm)
	Number of seeds/ pod
	100 Seed weight (g)
	    Seed yield/ plant (g)

	I
	44.03
	26.71
	74.20
	15.62
	4.48
	7.84
	9.02
	4.60
	5.72

	II
	43.00
	27.18
	74.00
	18.33
	5.33
	8.49
	8.55
	5.32
	6.91

	III
	46.33
	30.69
	76.33
	12.80
	4.20
	7.06
	8.87
	3.88
	4.82

	IV
	46.33
	29.43
	76.33
	19.80
	6.27
	8.25
	9.45
	4.66
	7.59

	V
	45.33
	27.67
	76.00
	18.00
	3.67
	8.52
	9.27
	5.41
	7.74

	VI
	46.67
	38.15
	76.67
	15.87
	5.47
	8.37
	8.84
	4.47
	6.15

	VII
	45.00
	29.89
	75.67
	25.60
	5.47
	7.91
	9.65
	4.20
	4.17



	The percentage contribution of all the characters towards genetic divergence is presented in table 4. The trait 100-seed weight (28.59%) contributed maximum to the genetic divergence followed by number of pods per plant, plant height, days to 50% flowering, seed yield per plant, number of clusters per plant, days to maturity, number of seeds per pod and pod length (figure 1). These results were consonance by the findings of Tomar et al. (2019). As per the findings of Gokulakrishnan et al. (2012) “the key contributors to overall divergence were seed yield per plant followed by pod length and 100 seed weight”. Chauhan et al. (2024) observed that the traits number of pods per plant and 100-seed weight contributed most to the genetic diversity. Since, 100-seed weight and number of pods per plant contributed maximum towards divergence, direct selection for this trait will be useful.

Table 4. Relative contribution of the nine characters studied towards the divergence
	S. No. 
	Characters 
	Percent contribution 

	1
	Days to 50% flowering
	8.55

	2
	Plant height(cm)
	16.79

	3
	Days to maturity
	4.98

	4
	Number of pods/plant
	24.32

	5
	Number of clusters/plant
	5.55

	6
	Pod length (cm)
	1.14

	7
	Number of seeds/pod
	3.56

	8
	100 Seed weight (g)
	28.59

	9
	Seed yield/ plant (g)
	6.54










Fig. 1.  Proportional contribution of seed yield and its attributing characters in divergence among mungbean genotypes


[bookmark: _GoBack]PCA scores for the first four principal components are presented in table 5. PC1 to PC4 showed 31.97%, 23.39%, 15.62% and 9.05% variability among different traits under advance breeding lines which contributes to approximately 80.02% of the total variability. “Among four principal components first two components revealed major contribution (55.36%) towards total variation. Eigen value and variance associated with each principal component decreased gradually and cumulative variability increased gradually” (Jadhav et al., 2021). Gupta et al. (2021) found that, “out of the eleven PCs, the first three accounted for 78.80% of the overall variation among mungbean genotypes for various characteristics”. From the first four principal components stated PC1 accounted for the highest variability (31.97%) and was primarily associated with traits such as number of pods per plant, plant height and days to 50% flowering, indicating their strong influence on overall variation. PC2 contributed 23.39% of the variability, was dominated by 100-seed weight and seed yield per plant, suggesting their importance in yield improvement. PC3 explained 15.62% of the variation along with positive contributions from seed yield per plant and plant height. PC4, though contributing a smaller portion of variation (9.05%), dominated by traits like days to maturity and number of seeds per pod. These findings were in partial accordance with the results of Rahangdale et al. (2023) and Jadhav et al. (2021).

	Usually, only one variable was selected from these identified groups. Hence, for the first group number of pods per plant was best choice, which had the largest contribution from PC1. Likewise, 100-seed weight, seed yield per plant, number of seeds per plant and days to maturity was the best choice for second, third and fourth principal component, respectively. The PCA scores for 37 genotypes in the first three principal components with eigen value more than one were computed and the genotypes like AVMU-1677 and AVMU-1697 contributed more to high yield due to their strong performance in the second principal component. Similarly, the genotypes WGG-37, AVMU-16103 and AVMU-1695 in PC1 and genotypes MGG-295 and AVMU-16103 in PC3 component expressed higher performance. “These genotypes are also grouped in different clusters as per D2 analysis. So, these genotypes are quite divergent from each other and in future can be utilized for developing elite cultivars in mungbean breeding programme. The results of D2 analysis are confirmed with PCA analysis and it can be proved that these genotypes are divergent form each other with maximum inter-cluster distance” (Jadhav et al., 2021).

Table 5. Eigen value and contribution of variability for the principal component axes in mungbean genotypes

	 
	PC 1
	PC 2
	PC 3
	PC4

	Eigen value (Root)
	63.06
	46.14
	30.81
	17.86

	% Var. Exp.
	31.97
	23.39
	15.62
	9.05

	Cumulative Var. Exp.
	31.97
	55.35
	70.97
	80.02

	Days to 50% flowering
	0.30
	0.09
	0.34
	0.37

	Plant height(cm)
	0.57
	0.16
	0.39
	-0.41

	Days to maturity
	0.25
	0.15
	0.22
	0.46

	Number of pods/ plant
	0.62
	0.27
	-0.66
	0.00

	Number of clusters/ plant
	0.01
	0.03
	0.02
	-0.24

	Pod length (cm)
	-0.06
	0.26
	0.06
	-0.21

	Number of seeds/ pod
	0.09
	-0.09
	0.11
	0.57

	100 Seed weight (g)
	-0.35
	0.84
	-0.11
	0.16

	Seed yield/ plant (g)
	-0.02
	0.30
	0.47
	-0.20



4. Conclusion
Genetic divergence and clustering pattern of 37 mungbean genotypes concluded that genotypes of cluster V (AVMU-1677- for seed yield per plant and 100-seed weight) and cluster VII (WGG-37- number of pods per plant and number of seeds per pod) can be utilized as parents in hybridization programme as they showed highest inter cluster distance and genetic diversity. Based on PCA ranking and their relative contribution for yield and yield traits in respective PCs, the genotypes AVMU- 1697, AVMU-16103, AVMU-1695 and MGG-295 can be selected as donors for improving yield and yield related traits in mungbean. The present study led to identification of diverse promising genotypes based on yield and yield related traits that can be evaluated in multi-locations to identify stable lines. The genotypes can be utilized as parents in mungbean breeding program.
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