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Abstract
An investigation was carried out to assess the extent of genetic divergence and to characterize the morphological DUS testing of thirty brinjal (Solanum melongena L.) genotypes raised in a RBD with three replications during the kharif season. Divergence among the genotypes was estimated for seventeen yield, yield-component and biochemical quality characters using the generalized distance (D²) procedure of Mahalanobis, and the genotypes were subsequently sorted into groups by Tocher's method. The analysis resolved the genotypes into four non-overlapping clusters of unequal size, with cluster II accommodating the largest number of genotypes (twelve), followed by cluster IV (eight), cluster III (seven) and cluster I (three). Intra-cluster distances ranged from 4.148 in cluster II to 6.078 in cluster III, while inter-cluster distances varied from 5.100 between clusters II and IV to a maximum of 7.605 between clusters III and IV. Cluster mean comparisons revealed that cluster III combined the highest fruit weight, fruit yield per plant, fruit-setting percentage and fruit dimensions, cluster II was distinguished by the tallest plants, the greatest number of leaves, flowers and fruits per plant, and cluster I recorded the highest ascorbic acid content and total soluble solids. Fruit yield per plant contributed the largest share (12.56%) to the total divergence, followed by number of flowers per plant, number of fruits per plant and number of branches per plant, while days to last fruit harvest, total phenol content and fruit width contributed the least. DUS characterization of fruit shape and fruit colour showed considerable morphological diversity across the genotypes and fruit colour as distinguishing features. The findings collectively indicate that adequate genetic divergence and morphological distinctness exist within the evaluated germplasm to support both varietal identification and the planning of hybridization programmes aimed at combining high fruit weight with prolific fruit bearing.
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1. Introduction
Brinjal or eggplant (Solanum melongena L., 2n = 2x = 24), a member of the family Solanaceae, is among the most widely grown and economically important vegetable crops of the Indian subcontinent and other tropical and subtropical regions of the world. Its adaptability to diverse agro-climatic conditions, comparatively low input requirement and year-round availability have made it a staple component of cropping systems across the country, while its fruit is valued nutritionally for its content of dietary fibre, phenolic antioxidants, ascorbic acid and minerals. The continued genetic improvement of the crop for higher productivity, superior fruit quality and greater consumer acceptability depends fundamentally on the availability and efficient exploitation of genetic diversity within the breeding material used by plant breeders.
The success of any hybridization programme rests on the judicious choice of parents, and this choice is best guided not merely by the phenotypic superiority of individual genotypes but by an objective assessment of the genetic distance separating them. Crosses between genetically divergent parents are generally more likely to produce progeny with a wide spectrum of variability and to exhibit heterosis, since the parents are expected to differ at a larger number of loci governing the traits of interest. A more rigorous, quantitative approach to grouping genotypes according to their genetic relationships is therefore required. The multivariate technique of generalized distance analysis, developed by Mahalanobis, provides such an approach and has been extensively used in crop plants to partition a germplasm collection into non-overlapping clusters on the basis of the combined dissimilarity of several characters simultaneously, rather than any single trait considered in isolation. The D² statistic generated by this procedure allows genotypes to be sorted into clusters such that the average distance between genotypes placed in the same cluster is smaller than the average distance between genotypes belonging to different clusters, and it further permits the relative contribution of individual characters to the total observed divergence to be quantified. Selection of parents from clusters separated by the greatest inter-cluster distance, particularly when the parents themselves also display desirable mean performance for the traits under improvement, is widely recommended as an efficient strategy for planning hybridization programmes and for the recovery of transgressive segregants in the resulting progeny. Alongside the assessment of quantitative genetic divergence, morphological characterization for distinctness, uniformity and stability (DUS) constitutes an essential complementary exercise in any varietal development programme. DUS descriptors, particularly qualitative traits such as fruit shape and fruit colour that are governed largely by a small number of major genes and are only marginally influenced by the environment, provide a stable and reproducible basis for distinguishing between genotypes, for varietal identification and registration, and for the protection of plant breeders' rights. 
2. Materials and Methods
Thirty brinjal genotypes (DBCH-1 to DBCH-30) were evaluated in a randomized block design with three replications. Data recorded on seventeen yield, yield-component and biochemical quality characters were subjected to Mahalanobis D² analysis, and the genotypes were grouped into clusters following Tocher's method. Average intra- and inter-cluster distances were computed, and the percentage contribution of each character to the total divergence was estimated. Fruit shape and fruit colour were additionally recorded for each genotype for DUS characterization following standard descriptor guidelines.
3. Results and Discussion
3.1 Distribution of Genotypes into Clusters
Genetic divergence among the thirty brinjal genotypes was worked out for seventeen yield, yield-component and quality characters following the generalized distance procedure of Mahalanobis, and the resulting D² values were used to sort the genotypes into groups by Tocher's method. It resolved the material into four distinct, non-overlapping clusters of markedly unequal size (Table 1). Cluster II emerged as the largest group with twelve constituent genotypes, followed by cluster IV with eight genotypes, cluster III with seven genotypes, and cluster I, the smallest group, with only three genotypes.
The formation of four clusters from a set of thirty genotypes points to a fairly broad genetic base within the material, since genotypes with similar genetic constitution tend to be drawn into the same cluster while genotypes differing more substantially are separated into distinct groups. A noteworthy feature of the clustering pattern was the absence of any strict correspondence between the geographic source of a genotype and its cluster placement: genotypes believed to share a common origin were not invariably grouped together, while genotypes of dissimilar origin were frequently found within the same cluster. This pattern indicates that geographic or pedigree separation alone cannot be relied upon as a proxy for genetic distance, and that direct multivariate assessment of the kind undertaken here remains necessary before genotypes are selected as parents in a hybridization programme.
	Cluster
	No. of Genotypes
	Genotypes Included

	Cluster I
	3
	DBCH-13, DBCH-7, DBCH-17

	Cluster II
	12
	DBCH-19, DBCH-18, DBCH-24, DBCH-2, DBCH-4, DBCH-29, DBCH-8, DBCH-9, DBCH-10, DBCH-1, DBCH-5, DBCH-30

	Cluster III
	7
	DBCH-14, DBCH-11, DBCH-27, DBCH-21, DBCH-22, DBCH-3, DBCH-6

	Cluster IV
	8
	DBCH-15, DBCH-26, DBCH-16, DBCH-12, DBCH-23, DBCH-20, DBCH-25, DBCH-28


Table 1. Clustering pattern of thirty brinjal genotypes based on Mahalanobis D² statistics.
3.2 Intra- and Inter-Cluster Distances
The average intra-cluster and inter-cluster D² distances computed for the four clusters are summarized in Table 2 and Figure 1. Among the intra-cluster values, cluster III recorded the highest average distance (6.078), indicating that the seven genotypes placed within this cluster, although grouped together by the clustering algorithm, retained a comparatively wide range of genetic dissimilarity among themselves. This was followed by cluster I (5.256) and cluster IV (4.625), while cluster II, despite being the largest cluster, showed the lowest intra-cluster distance (4.148), reflecting a relatively homogeneous genetic base among its twelve member genotypes.
Considering the inter-cluster distances, the maximum divergence was recorded between cluster III and cluster IV (7.605), followed by cluster III and cluster I (7.135) and cluster III and cluster II (6.896). The minimum inter-cluster distance was observed between cluster II and cluster IV (5.100), followed by cluster I and cluster II (5.299) and cluster I and cluster IV (6.021). The consistently wide separation of cluster III from the remaining three clusters, and particularly its maximum distance from cluster IV, identifies these two groups as harbouring the most genetically dissimilar genotypes within the collection. Crosses planned between parents drawn from clusters III and IV, or between cluster III and the other clusters, would therefore be expected to combine the most divergent genetic backgrounds and offer the greatest scope for the recovery of heterotic and transgressive segregants in the resulting progeny, whereas crosses between genotypes of clusters II and IV, being the least divergent pair, would be comparatively less rewarding for this purpose.
	Cluster
	Cluster I
	Cluster II
	Cluster III
	Cluster IV

	Cluster I
	5.256
	5.299
	7.135
	6.021

	Cluster II
	-
	4.148
	6.896
	5.100

	Cluster III
	-
	-
	6.078
	7.605

	Cluster IV
	-
	-
	-
	4.625


Table 2. Average intra-cluster (diagonal) and inter-cluster D² distances among four clusters.
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Figure 1. Average intra-cluster (diagonal) and inter-cluster D² distances among four clusters
3.3 Cluster Means for Yield and Quality Characters
The cluster-wise mean performance of the thirty genotypes for the seventeen characters studied is presented in Table 3, and revealed sizeable and biologically meaningful differences among the four clusters. Cluster III recorded the highest mean values for several economically important characters, including fruit weight (132.67 g), fruit yield per plant (2.62 kg), fruit-setting percentage (41.44%), fruit length (9.63 cm) and fruit width (6.36 cm), marking it as the cluster of choice for traits directly determining marketable yield.
Cluster II, the largest of the four groups, was distinguished by the tallest plants (100.70 cm), the greatest number of leaves per plant (56.67), the highest number of flowers per plant (57.14) and fruits per plant (20.37), the largest number of branches per plant (14.44), the longest duration to first fruit harvest (74.9 days) and 50% flowering (54.05 days), and the highest total phenol content (1.56 mg/g). Cluster IV recorded the longest duration to last fruit harvest (153.82 days), suggesting genotypes of comparatively extended fruiting duration were concentrated in this group, while cluster I recorded the lowest values for most vegetative and yield-related characters but the highest ascorbic acid content (6.20 mg/100g) and total soluble solids (5.22°Brix), indicating that biochemical quality and yield potential were not necessarily associated within the same genetic background in this material.
	Character
	Cluster I
	Cluster II
	Cluster III
	Cluster IV

	Plant height (cm)
	89.49
	100.70
	77.70
	79.84

	Days to first flower initiation
	35.38
	47.05
	36.45
	39.51

	Days to 50% flowering
	43.17
	54.05
	42.58
	47.89

	No. of branches/plant
	11.85
	14.44
	13.23
	11.28

	No. of leaves/plant
	44.41
	56.67
	44.61
	40.43

	Days to first fruit harvest
	64.10
	74.90
	64.56
	66.74

	Fruit length (cm)
	9.01
	8.18
	9.63
	8.96

	Fruit width (cm)
	5.66
	6.35
	6.36
	5.93

	No. of flowers/plant
	47.54
	57.14
	48.93
	40.56

	No. of fruits/plant
	16.74
	20.37
	20.17
	13.16

	Fruit set (%)
	35.26
	35.86
	41.44
	32.73

	Fruit weight (g)
	122.35
	103.50
	132.67
	102.43

	Fruit yield/plant (kg)
	2.01
	2.12
	2.62
	1.34

	Days to last fruit harvest
	144.66
	147.10
	151.12
	153.82

	Total phenol content (mg/g)
	1.44
	1.56
	1.44
	1.22

	Ascorbic acid (mg/100g)
	6.20
	5.25
	6.11
	5.13

	TSS (°Brix)
	5.22
	4.62
	4.27
	4.48


Table 3. Cluster means for seventeen characters across the four clusters of brinjal genotypes.
3.4 Contribution of Individual Characters to Total Divergence
The percentage contribution of each of the seventeen characters to the total genetic divergence observed among the thirty genotypes is presented in Table 4 and Figure 2. Fruit yield per plant contributed the largest share to the overall divergence (12.56%), underlining its importance as the character exercising the greatest influence on the genetic distinctness of the genotypes evaluated. This was followed, in descending order of contribution, by number of flowers per plant (9.8%), number of fruits per plant (9.5%), number of branches per plant (8.85%), days to first fruit harvest (8.04%), number of leaves per plant (7.59%), plant height (7.54%) and fruit weight (7.25%).
	Character
	Percentage Contribution (%)

	Fruit yield/plant (kg)
	12.56

	No. of flowers/plant
	9.80

	No. of fruits/plant
	9.50

	No. of branches/plant
	8.85

	Days to first fruit harvest
	8.04

	No. of leaves/plant
	7.59

	Plant height (cm)
	7.54

	Fruit weight (g)
	7.25

	Days to first flower initiation
	7.05

	Days to 50% flowering
	6.13

	Fruit set (%)
	4.21

	TSS
	3.76

	Fruit length (cm)
	3.54

	Ascorbic acid
	1.40

	Fruit width (cm)
	1.37

	Total phenol content
	1.02

	Days to last fruit harvest
	0.39


Table 4. Percentage contribution of individual characters to total genetic divergence.

Days to first flower initiation, days to 50% flowering, fruit-setting percentage, total soluble solids and fruit length made comparatively moderate contributions, each accounting for between roughly one and seven% of the total divergence, whereas ascorbic acid content, fruit width, total phenol content and, in particular, days to last fruit harvest (0.39%) contributed only marginally to the divergence observed. The concentration of a large share of the total divergence in a comparatively small number of yield-related characters, most notably fruit yield per plant and its immediate components, indicates that these traits would serve as the most efficient criteria both for distinguishing genetically dissimilar genotypes and for guiding the selection of divergent parents in future hybridization work.
The identification of fruit yield per plant, together with its principal components of fruit number, flower number and branch number, as the traits contributing most heavily to the total divergence agrees closely with findings reported for other brinjal populations evaluated by the D² procedure, where yield and its component characters have similarly been found to account for the largest share of genetic divergence among the traits studied. The magnitude of the intra- and inter-cluster distances recorded in the present material, together with the identification of cluster III and cluster IV as the most divergent pair, points toward these groups as the most promising source of contrasting parents for planned hybridization, a conclusion broadly in line with divergence studies conducted on other sets of brinjal genotypes, which have consistently recommended that parents be drawn from clusters separated by the widest genetic distance rather than from clusters showing superior mean performance alone. Similar findings on the pattern and magnitude of genetic divergence in brinjal, including the predominant contribution of yield and yield-related traits to total divergence and the limited correspondence between geographic origin and cluster membership, have been reported by Chaudhary et al. (2014), Dash et al. (2020), Karim et al. (2016), Muniappan et al. (2010), Pandey et al. (2019), Golani et al. (2007) and Hazra et al. (2010), lending further support to the trends observed in the present investigation.
3.6 DUS Characterization: Fruit Shape and Fruit Colour
Distinctness, uniformity and stability (DUS) characterization of the thirty brinjal genotypes for fruit shape and fruit colour, summarized in Table 5, revealed a wide range of morphological diversity for both descriptors despite the relatively narrow genetic base indicated by the divergence analysis for quantitative traits. Six distinct fruit shape classes were recorded across the genotypes. The flatted globular shape was the most frequently observed class, recorded in seven genotypes (DBCH-2, DBCH-4, DBCH-8, DBCH-11, DBCH-20, DBCH-21 and DBCH-25), while the globular shape was recorded in six genotypes (DBCH-1, DBCH-16, DBCH-18, DBCH-19, DBCH-28 and DBCH-29).
The obovate shape was recorded in eight genotypes (DBCH-6, DBCH-7, DBCH-10, DBCH-13, DBCH-15, DBCH-23, DBCH-26 and DBCH-30), making it, together with the flatted globular class, one of the two most common fruit shapes in the collection. Pear-shaped fruits were recorded in five genotypes (DBCH-12, DBCH-17, DBCH-22, DBCH-24 and DBCH-27), ovoid fruits in two genotypes (DBCH-3 and DBCH-9), and the ellipsoid shape, the least common class, was recorded in a single genotype, DBCH-5. For fruit colour, the overwhelming majority of the genotypes, twenty-six out of thirty, produced purple fruit, confirming this as the predominant colour class in the material. One genotype, DBCH-9, showed a reddish-purple fruit colour, while two further genotypes, DBCH-12 and DBCH-24, exhibited a distinctive green purple fruit colour that clearly set them apart from the remaining genotypes on this descriptor.
	Genotype
	Fruit Shape
	Fruit Colour
	Genotype
	Fruit Shape
	Fruit Colour

	DBCH-1
	Globular
	Purple
	DBCH-16
	Globular
	Purple

	DBCH-2
	Flatted globular
	Purple
	DBCH-17
	Pear-shaped
	Purple

	DBCH-3
	Ovoid
	Purple
	DBCH-18
	Globular
	Purple

	DBCH-4
	Flatted globular
	Purple
	DBCH-19
	Globular
	Purple

	DBCH-5
	Ellipsoid
	Purple
	DBCH-20
	Flatted globular
	Purple

	DBCH-6
	Obovate
	Purple
	DBCH-21
	Flatted globular
	Purple

	DBCH-7
	Obovate
	Purple
	DBCH-22
	Pear-shaped
	Purple

	DBCH-8
	Flatted globular
	Purple
	DBCH-23
	Obovate
	Purple

	DBCH-9
	Ovoid
	Reddish purple
	DBCH-24
	Pear-shaped
	Green purple

	DBCH-10
	Obovate
	Purple
	DBCH-25
	Flatted globular
	Purple

	DBCH-11
	Flatted globular
	Purple
	DBCH-26
	Obovate
	Purple

	DBCH-12
	Pear-shaped
	Green purple
	DBCH-27
	Pear-shaped
	Purple

	DBCH-13
	Obovate
	Purple
	DBCH-28
	Globular
	Purple

	DBCH-14
	Flatted globular
	Purple
	DBCH-29
	Globular
	Purple

	DBCH-15
	Obovate
	Purple
	DBCH-30
	Obovate
	Purple


Table 5. DUS characterization of fruit shape and fruit colour in thirty brinjal genotypes.
The presence of six qualitatively distinct fruit shape classes and three fruit colour classes among only thirty genotypes indicates a level of morphological diversity for these descriptors that considerably exceeds what might have been anticipated from the quantitative divergence analysis alone, and highlights the value of examining both quantitative and qualitative characters when characterizing a germplasm collection. Because fruit shape and fruit colour are governed largely by major genes and are comparatively insensitive to seasonal or locational variation, the classification obtained here provides a stable basis for varietal identification, registration and the protection of breeders' rights, in addition to its usefulness in guiding breeding decisions aimed at combining a desirable fruit shape and colour with superior yield performance. Genotypes such as DBCH-12 and DBCH-24, distinguished by their green purple fruit colour, and DBCH-9, distinguished by its reddish-purple colour, in particular merit retention as reference or check genotypes for colour descriptors in future DUS testing of new brinjal candidates. Comparable morphological diversity for fruit shape and fruit colour in brinjal germplasm has similarly been documented by Hazra and Chattopadhyay (2010), corroborating the pattern of distinctness recorded among the genotypes examined in the present study.
4. Conclusion
The present study established that the thirty brinjal genotypes evaluated possess an adequate and exploitable degree of genetic divergence, as revealed by their resolution into four non-overlapping clusters through Mahalanobis D² analysis of seventeen yield, yield-component and quality characters. Cluster III and cluster IV were identified as the most genetically divergent pair, while cluster II and cluster IV were the least divergent, and geographic origin was found to bear little consistent relationship to cluster membership. Fruit yield per plant, along with its principal components of flower number, fruit number and branch number, contributed the largest share to the total divergence recorded, identifying these characters as the most informative criteria for distinguishing genetically dissimilar genotypes in this material. Cluster mean comparisons further showed that no single cluster combined superiority for all characters simultaneously, with cluster III excelling for fruit weight, yield and fruit dimensions, cluster II for vegetative vigour and flower and fruit number, and cluster I for biochemical quality traits such as ascorbic acid and total soluble solids. This complementary pattern of cluster performance, combined with the wide inter-cluster distance recorded between clusters III and IV, suggests that hybridization between genotypes drawn from these two clusters offers the greatest promise for combining high fruit weight and yield with other desirable attributes, and that genotypes such as those of cluster III merit priority as parents in programmes targeting yield improvement.
DUS characterization of fruit shape and fruit colour revealed considerable morphological diversity among the genotypes, with six fruit shape classes and three fruit colour classes recorded across the collection, despite the comparatively narrower genetic base indicated by the quantitative divergence analysis. This diversity, being governed largely by stable major-gene descriptors, provides a dependable basis for varietal identification and for the protection of distinct genotypes such as DBCH-9, DBCH-12 and DBCH-24, which stood out for their unusual fruit colour. Taken together, the findings of the present investigation provide plant breeders with both a quantitative framework, based on genetic divergence, and a qualitative framework, based on DUS descriptors, for the systematic selection of parents and the planning of future brinjal improvement programmes.
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Figure 2. Percentage contribution of individual characters to total genetic divergence.
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