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     Evaluation of Genetic Diversity through D2 Statistic      
                             in Urdbean (Vigna mungo (L.) Hepper)
                      


ABSTRACT: 
The present investigation was conducted at the Soybean Research Farm, Department of Genetics and Plant Breeding, College of Agriculture, JNKVV, Jabalpur, Madhya Pradesh, India. The objective of the investigation was to assess the genetic diversity among 96 different urdbean genotypes in relation to their yield and its attributing traits. The experimental design employed was a Randomized Complete Block Design with two replications. A comprehensive set of observations was made on 13 distinct yield contributing traits from five randomly selected plants within each genotype. Based on D2 Statistics analysis, the 96 urdbean genotypes were classified into 10 distinct clusters. Conspicuously, the cluster with the highest numbers of genotypes was designated as cluster I. A remarkable finding emerged from the analysis of intra-cluster distances, with cluster VIII, displaying the greatest distance within its constituents. The evaluation of inter-cluster distances revealed significant dissimilarity between clusters IV and VII, suggesting presence of considerable genetic variation between these clusters, indicating a distant genetic relationship between genotypes. In terms of the genetic diversity analysis, it became evident that the yield related traits exerting the most substantial influence on the overall genetic divergence among the 96 urdbean genotypes were number of pods per plant followed by  biological yield per plant, plant height, 100 seed weight. Based on the findings from both inter-cluster distances and individual performance assessments, specific genotypes viz., (TAU 2, TJU 134, TJU 24, T9) were shortlisted as promising genotypes for inclusion in a hybridization programme. These findings contribute to a deeper understanding of genetic variability and lay the groundwork for further breeding programmes aimed to enhance urdbean crop productivity.
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1. INTRODUCTION:
Urdbean (Vigna mungo) is one of the important pulse crops. The food legumes, particularly the grain or pulses, are important foodstuffs in all tropical and subtropical countries. It is grown throughout India. Urdbean is a widely grown grain legume and belongs to the family “Fabaceae”, subfamily Papilionoideae.  and genus “vigna” and assumes considerable importance from the point of food and nutritional security in the world. It is also known as urad dal or urad [Nair et al. 2024, Suvarchala et al. 2020]. It is popularly referred to as urdbean or mash, is a grain legume domesticated from Vigna mungo var. silvestris. Esteemed for its exceptional nutritional profile, it is notably abundant in phosphoric acid and calcium. Owing to its remarkable fermentative capacity, urdbean occupies a central role in the culinary preparation of various fermented delicacies. This versatile crop is cultivated both in monoculture and in intercropping systems, thereby serving as a pivotal element in diversified agricultural practices. Predominantly cultivated in India, this fast-maturing, short-duration pulse is an indispensable dietary staple, lauded for its provision of highly digestible, superior-quality protein. Beyond its nutritional merits, black gram contributes significantly to agro-ecological sustainability through its capacity for atmospheric nitrogen fixation in symbiosis with soil microflora, thereby enhancing soil fertility. From a compositional standpoint, it constitutes an impressive reservoir of essential nutrients, encompassing approximately 20–25% protein— nearly thrice the protein concentration found in cereal grains—alongside 40–47% starch. Additionally,it comprises of vital fats, ash, micronutrients, rendering it a holistic dietary constituent. The seeds, primarily consumed as a staple, are typically processed by dehulling and splitting into dhal, a fundamental component of Indian cuisine. It is an annual, self-pollinated, leguminous crop with a diploid chromosome number of 2n = 2x = 22. India, regarded as its centre of origin, continues to be the foremost producer and consumer of urdbean globally [Khan et al. 2020]. Yield, being a polygenic and multifactorial trait, is governed by a network of interrelated physiological processes. Due to its complex inheritance and association with multiple yield contributing components, direct genetic enhancement of yield is often challenging. Instead, indirect selection through the improvement of correlated traits offers a more viable strategy. However, the systematic germplasm collections of urdbean have revealed limited genetic variability for both biotic and abiotic stress tolerance. It is postulated that the dominant influence of natural selection may have eroded genes conferring high productivity [Roopalakshmi et al. 2003], resulting in a narrow genetic base in modern germplasm. The assessment of germplasm is perhaps one of the most significant natural resources for providing the necessary traits to produce high-yielding, input-responsive cultivars that are tolerant to a variety of abiotic and biotic stresses [Yadav et al. 2024]. Furthermore, the autogamous nature of urdbean restricts the effectiveness of hybridisation for creating variability, as it is prone to flower abscission and poor cross-pollination.
2. MATERIALS AND METHODS:
2.1 Experimental Material :
In this investigation, Mahalanobis (D2) statistics was utilized to analyze genetic diversity present among 96 distinct urdbean genotypes including two checks (TJU 130 and TJU 339) collected from College of Agriculture, JNKVV, Jabalpur and PAU, Ludhiana, Punjab.
2.2 Experimental Site :
The experiment was conducted at the Soybean Research Farm, Department of Genetics and Plant Breeding, College of Agriculture, JNKVV, Jabalpur, Madhya Pradesh, India. 
2.3 Experimental Management Design 
The genotypes were evaluated in Randomized Complete Block Design with two replications during the Kharif season of 2023 and 2024. The observations were recorded, with a pooled data of both the seasons and further analyzed. Each genotype was planted across two rows, each spanning a length of 2 meters. The spatial arrangement maintained a row-to-row distance of 30 cm and a plant-to-plant distance of 8-10 cm. The entire cultivation process adhered to recommended agronomic practices.
2.4 Data Collection:
The recorded data encompassed thirteen distinct quantitative traits, including days to first flower initiation, days to 50% flowering, days to maturity, plant height (cm), number of primary branches per plant, number of pod clusters per plant, number of pods per plant, pod length per plant (cm), number of seeds per plant, biological yield per plant (g), harvest index (%),100 seed weight (g), seed yield per plant (g). To ensure comprehensive observations, a random selection of five plants was made from each replication of every genotype, serving as the foundation for data collection across all measured traits.
2.5 Statistical Analysis
The multivariate analysis, specifically employing the D2 statistics proposed [Mahalanobis 1936], has emerged as a robust and indispensable tool for elucidating the extent of differentiation observed among biological populations at the genotypic level . Through this analytical approach, one can effectively assess the relative contributions of distinct components to the overarching divergence phenomenon, spanning both inter and intra-cluster levels. Remarkably, the D2 statistical analysis, as pioneered by Mahalanobis, was complemented by the construction of a dendrogram, which not only offers a comprehensive visual representation but also provides insights into the intricate genetic relationships inherent within the investigated populations. The Tocher's method [Rao, 1952] was used to form clusters based on the calculated D2 values. For the rigorous execution of statistical computations and dendrogram construction, the specialized Statistical software WINDOSTAT version 9.2 provided by INDOSTAT Services, Hyderabad, India was harnessed, thereby ensuring a heightened level of precision, robustness, and reliability in the resulting analytical outcomes.
3. RESULTS AND DISCUSSION
3.1 Clustering of Genotypes
D2 statistical analysis was employed to assess the genetic divergence among 96 genotypes. Consequently, the 96 genotypes were classified into 10 clusters. Among these clusters, cluster I was found to be largest one, encompassing 64 genotypes, followed by clusters II and IV both  consisting of 11 genotypes, Cluster VII which is also consist of 3 genotypes and cluster III consists of two genotypes. The remaining clusters consisted of only one genotype, rendering them monogenotypic (Table 1, Fig. 1). Cluster I stood out with its significant count of 64 genotypes, indicating a limited genetic divergence among the genotypes in the cluster. This similarity could potentially be attributed to their shared ancestry in the base population from which they evolved. It is worth noting that the convergence of similar phenotypes within a cluster might arise from focused unidirectional selection on specific traits or a cluster of linked traits across different geographical regions.These factors could encompass a range of influences such as natural and artificial selection pressures, the exchange of breeding materials, genetic drift, and environmental variability. As such, the intricate interplay of these multifaceted forces appears to play a pivotal role in shaping and sustaining the observed genetic diversity landscape. In a congruent investigation. (Wang et al.2025) carried out a genetic divergence analysis on seven urdbean genotypes and grouped them into three distinct clusters using Tocher’s method. Similarly, (Prasanna et al. 2024) evaluated twenty-eight black gram genotypes and classified them into six clusters, while (Singh et al. 2023) analyzed twenty urdbean genotypes and partitioned them into five separate clusters.

Table 1: Distribution of Urdbean Genotypes in Different Clusters Using D2 in Pooled analysis
	Cluster No.
	No. of genotypes
	Name of genotypes

	I
	IPU 2-43, KUG 1134, KUG 1127, KUG 1130, TJU 62, KUG 1175, PU 35, KUG 1126, KUG 1173, MASH 114, KUG 1174, KUG 1163, KUG 1176, KUG 1168, TU 94-2, KUG 1170, MASH 1137, KUG 1137, KUG 1162, KUG 1151, KUG 1154, KUG 1160, KUG 1171, TJU 130 (CHECK), TJU 42, TJU 67, PDU-1, TJU 139, KUG 1165, KUG 1139, KUG 1149, KUG 1147, KUG 1129, KUG 1155, KUG 1131, KUG 1178, INDIRA URD 1, PU 19, TJU 213, KUG 1157, KUG 1152, TJU 48,  KUG 1140, KUG 1142, TJU 55, TJU 103, KUG 1121, KUG 1177, TJU 24-10, KUG 1180, KUG 1124, TJU 41-1, KUG 1179, KUG 1148, KUG 1167, KUG 1141, KUG 1158, MASH 479, TJU 45-1, TJU 273, TJU 84, KUG 1145, KUG 1153
	64

	II
	TJU 4, KUG 1156, MASH 338, TJU 231, MASH 1008, KUG 1132, TJU 111, KUG 1123, KUG 1122, KUG 1181, KUG 1133
	11

	III
	KUG1135, KUG 1136
	2

	IV
	TAU 2,URDI LOCAL, LBG 20, TJU 134, JU-3, TJU 22, KUG 1169, KUG 1159, KUG 1146, KUG 1138, TJU 18
	11

	V
	TU-98-14
	1

	VI
	TJU 262
	1

	VII
	TJU 24, TJU 339 (CHECK), T9
	3

	VIII
	KUG1125
	1

	IX
	TJU 41-2
	1

	X
	TJU 328
	1
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                                       Fig 1. Cluster dendrogram for Pooled Analysis


3.2 Intra and Inter Cluster Divergence D2 Values
When examining a range of important agronomic traits like yield potential, disease resistance, growth duration, and seed quality, the Euclidean distance method is frequently employed [Mahalanobis 1936]. This method facilitates the identification of hierarchical patterns within the analyzed accessions. By grouping these accessions based on specific traits, it enables the identification of promising pairs for crossbreeding purposes in the context of urdbean studies.
This approach serves to assess both the likeness and distinctiveness among different accessions, while also quantifying the extent of a particular trait's expression. [Barathi et al.2023 and Kumar et al.2022].
The average D2 values for both intra and inter cluster distances, along with the nearest clusters based on D2 values are presented in Table 2 and Fig. 2. The intra cluster distance ranged from 0.00 to 25.05. The highest intra cluster distance was displayed for cluster VII (25.05), followed by cluster IV (23.80), cluster II (18.84), cluster I (16.59), cluster III (3.86) and remaining clusters, cluster V, cluster VI, cluster VIII, cluster IX, cluster X showed zero value for Intra cluster distance. Furthurmore Inter cluster divergence was observed highest between the genotypes of cluster IV and VII (267.75), cluster VII and X (207.30), cluster VII and IX (156.17), cluster I and VII (137.87), cluster II and IV (125.96), cluster III and IX (118.76), cluster III and VII (106.44), cluster III and IV (100.70), cluster II and X (97.91), cluster V and VII (96.08), cluster VII and VIII (95.28), cluster VI and VII (94.33). Cluster  IV and IX (85.45), cluster IV and VIII (85.29), cluster IV and VI (80.99), cluster IV and V (79.06),cluster III and V (75.57), cluster III and VII (73.00), cluster II and IX (71.83), cluster IV and X (63.04), cluster III and VIII (59.76), cluster II and VIII (55.97), cluster VIII and X (54.76), cluster I and X (53.96), cluster I and IX (52.90), cluster II and VI (52.64), cluster VI and IX (51.32), cluster VII and VIII (49.56), cluster VIII and IX (48.37), cluster I and II (45.65), cluster I and IV (43.95), cluster I and VI (40.70), cluster  I and III (40.05), cluster IX and X (38.19), cluster II and V (38.12), cluster II and III (36.09), cluster I and VIII (33.58), cluster II and VIII (33.48), cluster V and X (33.46), cluster  I and V (32.78), cluster V and VI (28.11), cluster V and VIII (22.92), cluster V and IX (17.18). These extensive inter-cluster distances signify that the genotypes within these clusters exhibit a wide array of genetic diversity. They hold promising potential for utilization in urdbean improvement through hybridization programmes. To enhance or generating favorable recombinants in segregating generations, crossing between genetically diverse genotypes from clusters with substantial inter-cluster distances would be advantageous.
These are the similar work done by Ayesha et al. (2021), non hierarchical Euclidean cluster analysis categorized 40 urdbean genotypes into 10 distinct clusters. Survachala et al. (2020) identified six clusters among 56 blackgram genotypes through divergence analysis. Moreover, Chippy et al. (2021) grouped 32 genotypes of urdbean into 18 clusters after evaluating the nature and extent of genetic divergence.







Table 2. Cluster distances for yield and its component traits of urdbean genotypes using hierarchical clustering method in Pooled analysis
	Clusters
	Cluster I
	Cluster II
	Cluster III
	Cluster IV
	Cluster V
	Cluster VI
	Cluster VII
	Cluster VIII
	Cluster IX
	Cluster X

	Cluster I
	16.59
	
	
	
	
	
	
	
	
	

	Cluster II
	45.65
	18.84
	
	
	
	
	
	
	
	

	Cluster III
	40.05
	36.09
	3.86
	
	
	
	
	
	
	

	Cluster IV
	43.95
	125.96
	100.70
	23.80
	
	
	
	
	
	

	Cluster V
	32.78
	38.12
	75.57
	79.06
	0.00
	
	
	
	
	

	Cluster VI
	40.70
	52.64
	73.00
	80.99
	28.11
	0.00
	
	
	
	

	Cluster VII
	137.87
	55.97
	106.44
	265.75
	96.08
	94.33
	25.05
	
	
	

	Cluster VIII
	33.58
	33.48
	59.76
	85.29
	22.92
	49.56
	95.28
	0.00
	
	

	Cluster IX
	52.90
	71.83
	118.78
	85.45
	17.18
	51.32
	156.17
	48.37
	0.00
	

	Cluster X
	53.96
	97.91
	126.89
	63.04
	33.46
	85.38
	207.30
	54.76
	38.19
	0.00
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                                                    Fig 2. Tocher Diagram for Pooled Analysis
3.3 Cluster Mean Values
The cluster mean values for diverse traits have been presented in Table 3 revealing significant differences among the studied traits. The data highlights specific clusters with distinct trait averages.
The days to first flower initiation (33.0 and 26.25) recorded maximum and minimum cluster mean values in cluster IX and cluster X respectively. The days to 50% flowering (40.25 and 39.50) recorded maximum and minimum cluster mean values in cluster IX and cluster V respectively. The days to maturity (74.92 and 69.75) was found to have maximum cluster mean values in cluster VII and minimum in cluster X. The plant height recorded maximum value (47.59) in cluster IX, whereas minimum (16.84) in cluster III. The number of primary branches per plant was found to have maximum cluster mean (12.61) in cluster IX whereas, minimum (8.70) in cluster IV. The number of pod clusters per plant noted cluster IX and IV to have maximum and minimum mean values (19.24 and 7.08), followed by number of pods per plant in cluster VII and IV (45.14 and 13.97). Number of seeds per pod had maximum cluster mean in cluster II (6.41) and minimum in cluster VI (5.12). The biological yield per plant (30.65) recorded maximum value in cluster VII and minimum in cluster X (8.10), while harvest index (118.73 and 20.80) recorded maximum and minimum mean values in clusters VII and VI respectively. The 100 seed weight was recorded maximum in cluster IX (5.05) and minimum in cluster III (3.28). The seed yield per plant was recorded maximum in cluster VII (18.23) and minimum in IV (4.61).
Likewise, Ayesha et al. (2021) also conducted a study focusing on 10 distinct characters. The observed cluster mean values exhibited a broad spectrum of averages across the clusters for various traits. Notably Cluster I being the largest, followed by Clusters V, IV, and II. Cluster IX exhibited the highest mean performance for key yield traits, such as the number of pods per plant, pod length, test weight, and grain yield per plant.






Table 3. Cluster mean for yield and its component traits of urdbean genotypes using hierarchical clustering method in Pooled analysis
	Clusters
	DFI
	DF
	DM
	PH (cm)
	NPB
	NPC
	NP
	PL (cm)
	NS
	SW (g)
	BY (g)
	HI (%)
	SY(g)

	Cluster I
	29.60
	37.08
	70.79
	28.05
	10.31
	9.85
	24.84
	4.35
	6.15
	4.64
	15.39
	42.99
	6.40

	Cluster II
	29.80
	37.27
	72.39
	31.95
	11.19
	13.29
	36.75
	4.62
	6.41
	4.87
	20.07
	42.75
	8.43

	Cluster III
	29.25
	37.50
	69.88
	16.84
	8.89
	11.31
	35.72
	3.98
	5.99
	3.28
	15.82
	35.95
	5.70

	Cluster IV
	30.32
	38.23
	71.59
	25.13
	8.70
	7.08
	13.97
	4.14
	5.80
	4.48
	10.54
	48.37
	4.61

	Cluster V
	30.50
	39.50
	73.75
	43.92
	11.11
	11.79
	26.61
	4.12
	5.47
	4.65
	19.12
	30.30
	5.78

	Cluster VI
	30.25
	39.50
	74.00
	31.47
	10.41
	11.69
	24.01
	4.14
	5.12
	4.75
	27.42
	20.86
	5.72

	Cluster VII
	31.17
	39.08
	74.92
	36.11
	10.74
	11.88
	45.14
	4.64
	5.64
	5.02
	30.65
	33.44
	10.28

	Cluster VII
	29.50
	38.00
	72.75
	36.76
	9.44
	10.55
	29.86
	4.49
	6.06
	4.75
	15.50
	59.54
	9.23

	Cluster IX
	33.00
	40.25
	73.25
	47.59
	12.61
	19.24
	22.17
	4.40
	6.22
	5.05
	17.91
	32.71
	5.85

	Cluster X
	26.25
	34.50
	69.75
	47.16
	12.04
	9.84
	21.07
	4.15
	5.42
	4.98
	8.10
	68.09
	5.44


Where,
DFI- Days to first flower initiation, DF- Days to 50% flowering, DM- Days to maturity, PH- Plant height(cm), NPB- Number of primary branches per plant, NPC- Number of pod clusters per plant, NP- Number of pods per plant, PL-Pod length per plant(cm), NS-Number of seeds per pod, BY-Biological yield per plant(g), HI-Harvest index(%), SW-100 seed weight(g), SY-Seed yield per plant (g).
3.4 Contribution of Individual Characters towards Genetic Divergence
The percentage contributions to genetic divergence attributed to various characters are presented in (Table 4, Fig. 3). Among these, the character number of pods per plant exhibited the most substantial contribution at (51.67%) followed by plant height (18.44%), biological yield per plant (14.87 %), number of seeds per pod (4.45%), days to maturity (3.11%), number of primary branches per plant (1.58%), number of pod clusters per plant (1.56%), harvest index (1.32%), pod length (1.03%), days to first flower initiation (0.61%), seed yieid per plant (0.55%), days to 50% flowering (0.11%), 100 Seed weight (g) (0.7%). Earlier studies by, Wagh et al. (2025),  Prasanna et al. (2024) and Sasidhar et al. (2022) reported similar trends wherein the number of pods per plant (50.997) emerged as the primary contributors to the observed genetic diversity. This alignment underscores the significance of these specific traits in driving the divergence documented within the urdbean population
Table 4.  Contribution (%) of Different Characters towards Clustering in pooled analysis
	S.No.
	Source
	Times ranked 1st
	Contribution

	1
	Number of Pods per plant
	2356
	51.67%

	2
	Plant height (cm)
	841
	18.44%

	3
	Biological yield per plant (g)
	678
	14.87%

	4
	Number of seeds per pod
	203
	4.45%

	5
	Days to maturity
	142
	3.11%

	6
	Number of primary branches per plant
	72
	1.58%

	7
	Number of pod clusters per plant
	71
	1.56%

	8
	Harvest index (%)
	60
	1.32%

	9
	Pod length(cm)
	47
	1.03%

	10
	Days to first flower initiation
	28
	0.61%

	11
	Seed yield per plant (g)
	25
	0.55%

	12
	Days to 50% flowering
	28
	0.11%

	13
	100 seed weight(g)
	32
	0.7%







Fig. 3. Percent contribution of characters
3.5 Wilks Test for Pooled analysis
The pooled analysis of genetic divergence across environments was conducted using Wilks' Lambda test, a multivariate approach designed to assess genotype differentiation in the presence of multiple traits.The determinant of the error matrix was calculated as 3.078×109, while the combined determinant of the error and variety matrix was markedly greater at 8.313×1017, suggesting substantial genotypic variability contributing to total dispersion. The computed Wilks' criterion was 3.703×10-9, which strongly indicates the presence of significant multivariate divergence among the genotypes. The M value was 324.5, with a corresponding V statistic of 6299.91 and 1235 degrees of freedom. The associated probability value (p = 0.00000) indicates that the observed divergence is highly significant (P ≤ 0.001), confirming the genetic distinctness among genotypes.
These pooled results reinforce the findings from individual environmental analyses and provide strong statistical evidence for wide genetic variation among the evaluated genotypes. Such divergence is vital for identifying genetically distant parents for hybridization, thereby enhancing the scope of transgressive segregant development and broadening the genetic base of breeding populations as shown in table 5.


Table 5.  Wilks Test for Pooled analysis
	Determinant of Error Matrix
	-
	30781.7816E+5

	Determinant of Error +Variety Matrix
	-
	83134.55699E+13

	Wilk's Criterion
	-
	37026.45773E-13

	M
	324.5 V statistics
	6299.91400

	Degree of Freedom
	1235 Probability
	0.00000



3.6 ANOVA for Dispersion for Pooled analysis
To assess the overall genetic divergence among genotypes across environments, a pooled ANOVA was conducted using Mahalanobis' D² statistics. The results revealed highly significant variability attributable to genotypic differences.
The sum of squares due to varieties was 8.3135 × 1017, distributed over 95 degrees of freedom, indicating substantial genetic variation among the genotypes. The mean square for varieties was 8.7510 × 1015, which was markedly higher than the error mean square of 1.0839 × 107 (based on 284 degrees of freedom), suggesting that the observed variation is primarily due to genetic factors rather than environmental noise. The resulting F-ratio was 8.074×108, with a highly significant p-value of 0.00000 (P ≤ 0.001), confirming that the genetic dispersion among genotypes is statistically significant and non-random as mention in table 6. These findings validate the presence of considerable genetic divergence among the genotypes evaluated across environments. The high magnitude of variation due to genotypes supports the potential for selecting genetically diverse parents for hybridization, which can enhance heterosis and broaden the genetic base of breeding populations.
Table 6. ANOVA for Dispersion for Pooled analysis
	Source of Variation
	df
	Sum of Squares
	Mean Squares
	F ratio
	Probability

	Varieties
	95
	8.3135E17
	8.7510E15
	8.074E08
	0.00000***

	Error
	284
	3.0782E09
	1.0839E07
	
	

	Total
	379
	8.3135E17
	2.1935E15
	
	



4. CONCLUSION
In this  divergence analysis, assessing the proportional influence of each trait on genetic divergence offers valuable insights that can aid plant breeders in discerning and selecting superior genotypes from the existing germplasm pool. These chosen genotypes hold the potential to serve as optimal parent candidates in forthcoming crop enhancement initiatives. Concurrently, the present investigation unveils a significant level of diversity within the examined assemblage of 96 urdbean genotypes. This diversity is particularly driven by the traits of number of pods per plant followed by plant height, biological yield per plant, 100 seed weight.
Among the clusters, cluster I stands out as the most populous, encompassing 64 genotypes. Furthermore, the analysis underscores a substantial inter-cluster disparity, prominently observed between clusters IV and VII. The genotypes within these distinct clusters hold potential significance as parental candidates for generating transgressive segregants in future breeding endeavors. This elucidates their viability in augmenting the genetic variability of urdbean cultivars.
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