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ABSTRACT
Genetic diversity in brinjal (Solanum melongena L.) aim to explore the genetic differences among various genotypes. The primary goal is to identify valuable genetic material that can be utilized in breeding programs to develop superior brinjal varieties with improved yield. Keeping it in view, a field experiment was conducted at Research Farm, Department of Vegetable Science, CCSHAU, Hisar using thirty genotypes for twenty-two morphological characters to select diverse parents through multivariate analysis. Genetic divergence studies revealed that cluster I, accommodated a maximum number of genotypes (18) followed by cluster III (4), cluster II (3) and cluster VI (2). Inter-cluster D2 values varied between 18.25 and 54.38. The highest inter-cluster value was observed between clusters V and VII (54.38), indicating that the genotypes included in these clusters had the greatest degree of divergence. The lowest inter-cluster D2 value was noted between cluster I and IV (18.25), implying a high degree of genetic similarity between the constituent genotypes included in these clusters. Hence, hybridization between the genotypes of clusters V and VII may give high heterotic responses and production of better segregants for selection and improvement of brinjal crop.
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Introduction
Brinjal (Solanum melongena L.) is one of the most important commercial vegetable crops in the world and it belongs to the solanaceous. The wild species Solanum incanum is the progenitor of the cultivated species i.e. Solanum melongena (Kumar et al., 2021). It is native to India and having different forms, colours and shapes of fruits. India is the major producer of brinjal in the world with area of 7.36 thousand ha and average annual production of 127.77 thousand MT (Anonymous, 2020). Being a warm-season crop, it is tolerant to drought and excessive rainfall but susceptible to severe frost (Kumar and Singh, 2015). It is widely cultivated in both tropical and temperate regions of the world for its immature fruits as vegetable, but in the temperate regions, it is cultivated mainly during warm season. Many of the round fruited varieties set fruits at slightly lower temperature but are highly susceptible to frost whereas, the long-fruited varieties set fruit at higher temperature and show tolerance to frost (Arti et al., 2018). Purple colour varieties of brinjal have higher copper content, amino acid content and polyphenol oxidase activity whereas; iron and catalase activity are highest in green cultivars (Arti et al., 2018). Brinjal roots were used for alleviating pain while fruits as a cardio-tonic, laxative and inflammation reliever and to cure liver complaints. Its seeds used as a stimulant but lead to dyspepsia and constipation (Patel and Chaurasiya, 2022).
Germplasm collection is a significant source of naturally occurring variants that are useful for analysing phenotypic and genotypic variety and fulfilling breeding objectives or it helps in selecting the suitable parents for hybridization programme resulting is superior hybrids (Singh et al., 2022). Eggplant breeding programs aim to develop high-yielding varieties, mostly F1 hybrids, having good fruit quality, more shelf life and resistance to various biotic and abiotic stresses. Broader the genetic diversity present in the germplasm, results in the further improvement of yield and other desirable characters. The D2 analysis technique was used for measuring genetic divergence through cluster formation, cluster distance and contribution of traits in genetic diversity (Ravali et al., 2017). The aim of forming clusters and finding the intra and inter cluster distance is to provide the base of selecting parents for a planned breeding programme (Vidhya and Kumar, 2014). Consequently, the present research aimed to identify potential parents from available germplasm by using the Mahalanobis D2 statistic of multivariate analysis.
Material and Method
Location and plant material: 
The experiment was conducted at the research farm of the Department of Vegetable Science, CCS Haryana Agricultural University, Hisar during the year 2021 and 2022. The plant material consisted of thirty genotypes selected from the maintained material by the Department of Vegetable Science, CCSHAU, Hisar. All genotypes were examined using three replications in a Randomized Block Design (RBD). The row-to-row and plant-to-plant spacing were maintained at 60 centimetres. Five randomly marked plants from each genotype were used to record observations for each genotype, and the mean data from these plants were used for further statistical analysis.
Traits Studied: 
Data were gathered for various quantitative and qualitative characters pertinent to the study. The observations were made for flower colour, fruit colour shape of fruit, spines on leaves, lobes per leaf and leaf serrations for qualitative analysis. Quantitative data observations were recorded for plant height (cm), primary branches per plant, petiole length (cm), leaf blade length (cm), leaf blade width (cm), cluster per plant, days to first flowering, days to 50% flowering, fruit peduncle length (cm), fruit per cluster, fruit per plant, fruit length (cm), fruit width (cm), fruit weight (g), days to first harvesting and fruit yield per plant (g).
Statistical tool: 
The quantitative parameters were statistical analysed using the average values of five plants in each replication. The analysis of variance was done as per the procedure described by Panse and Sukhatme (1957). The genetic divergence was estimated by using Mahalanobis D2 statistics as suggested by Rao (1952).
Results and Discussion
Assessment of Qualitative Characters: 
The fruit colour was visually observed and recorded as purple (23 genotypes), white (3) and green (4) (Plate 1). Based on flower colour genotypes were classified into 2 categories viz., purple (27) and off-white (3) (Plate 2). The shape of fruit was determined on visual basis and grouped into three categories i.e., long (7), oblong (21) and round (2) shape. The genotypes were examined critically for the presence (26) and absence (04) of leaf serrations in genotypes (Ranil et al., 2017; Islam et al., 2018; Younas et al., 2022).
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Plate 1: Fruit color variability among thirty genotypes of brinjal
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Plate 2: Variation in flower color

Mean performance of genotypes: 
Analysis of variance (ANOVA) revealed highly significant differences among all the genotypes, indicating the presence of a vast amount of variability in experimental material for further improvement. Quantitative traits that contributed to yield were categorized by their range of variation and mean value, respectively, i.e., plant height (20.11-38.78 and 30.50 cm), primary branches per plant (4.00-12.00 and 8.13), cluster per plant (0.00-9.00 and 6.00), days to first flowering (42.00-49.00 and 44.54), days to 50% flowering (60.00-68.00 and 64.92), fruits per cluster(1.00-4.00 and 3.00), fruits per plant (5.00-22.00 and 12.52), fruit length (6.75-13.17 and 9.10 cm), fruit width (2.13-5.80 and 4.04 cm), fruit weight (27.22-131.34 and 60.69 g), days to first harvesting (82.00-89.00 and 85.36) and fruit yield per plant (496.11-932.96 and 706.51 g) (Table 1).Therefore, there is a wide scope for selection for majority of traits from the genotypes. These findings are in close conformity with the results obtained by Kumar et al., (2018), Kumar et al., (2019) and Devaraju et al., (2020).
Genetic divergence analysis: 
The success of any breeding programme mainly depends upon the selection of desirable parents. Multivariate analysis of mean values for quantitative traits is useful for finding the most genetically distinct parents in germplasm collections (Singh et al., 2022). The genetic diversity among 30 genotypes of brinjal was measured using Mahalanobis D2 statistics and all the genotypes grouped into seven clusters (Table 2 and figure 1). Cluster I had maximum number of genotypes (18) followed by III (4 genotypes), II (3 genotypes), VI (2 genotypes), and IV, V and VII had only one genotype in each. The results were in agreement with Oladosu et al., (2021) and Lateef et al., (2022). 
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Table 1: Mean performance of growth and yield characters of thirty genotypes of brinjal



	

	Genotypes
	Plant height (cm)
	Primary branches per plant
	Petiole length (cm)
	Leaf blade length (cm)
	Leaf blade width (cm)
	Clusters per plant
	Days to first flowering
	Days to 50% flowering
	Fruit peduncle length (cm)
	Fruits per cluster
	Fruits per
plant
	Fruit length (cm)
	Fruit width (cm)
	Fruit weight (g)
	Days to first harvesting
	Fruit yield per plant (g)

	HLB-12
	22.45
	07.00
	03.00
	09.39
	05.00
	07.00
	46.00
	68.00
	03.96
	03.00
	08.00
	12.75
	03.38
	27.22
	85.00
	526.26

	HE-1
	32.44
	07.00
	05.11
	11.61
	07.50
	07.00
	47.00
	65.00
	03.71
	03.00
	11.00
	10.84
	03.55
	57.55
	86.00
	598.52

	HE-2
	24.00
	06.00
	04.33
	12.56
	06.94
	00.00
	45.00
	67.00
	04.42
	01.00
	06.00
	11.67
	03.63
	57.78
	87.00
	563.74

	HE-3
	20.67
	06.00
	05.33
	13.05
	06.89
	05.00
	45.00
	64.00
	03.79
	02.00
	11.00
	11.25
	03.37
	39.00
	85.00
	496.11

	HE-4
	34.33
	08.00
	05.55
	11.67
	07.00
	00.00
	48.00
	67.00
	04.09
	01.00
	05.00
	09.92
	04.00
	65.66
	87.00
	684.63

	HE-5
	37.11
	08.00
	04.55
	14.61
	07.11
	00.00
	49.00
	62.00
	04.88
	01.00
	10.00
	11.33
	04.01
	50.00
	88.00
	603.48

	HE-6
	32.89
	09.00
	04.28
	10.61
	05.78
	07.00
	47.00
	64.00
	04.34
	02.00
	13.00
	09.79
	03.61
	40.56
	88.00
	733.66

	HE-7
	38.74
	10.00
	05.28
	14.83
	07.83
	08.00
	42.00
	64.00
	03.88
	04.00
	15.00
	11.17
	03.92
	86.00
	84.00
	894.73

	HE-8
	38.44
	08.00
	03.44
	12.61
	07.17
	08.00
	44.00
	65.00
	03.59
	03.00
	11.00
	08.25
	03.73
	64.22
	85.00
	671.63

	HE-70
	30.67
	07.00
	04.72
	11.67
	06.56
	05.00
	48.00
	67.00
	04.09
	03.00
	16.00
	07.67
	04.46
	57.67
	89.00
	627.30

	HE-10
	28.22
	08.00
	05.45
	11.33
	05.67
	09.00
	44.00
	65.00
	04.42
	02.00
	10.00
	08.09
	04.46
	49.34
	85.00
	552.48

	HE-76
	30.78
	12.00
	04.33
	12.94
	07.00
	09.00
	42.00
	60.00
	04.21
	04.00
	22.00
	07.79
	05.80
	131.34
	82.00
	932.96

	HE-12
	30.34
	09.00
	05.39
	12.84
	07.06
	06.00
	46.00
	66.00
	02.46
	02.00
	11.00
	07.29
	03.77
	44.56
	87.00
	551.19

	HE-13
	24.89
	08.00
	05.56
	15.56
	07.95
	07.00
	43.00
	68.00
	03.54
	02.00
	14.00
	07.92
	04.04
	50.22
	84.00
	906.31

	HE-78
	32.45
	12.00
	03.78
	15.56
	08.45
	09.00
	42.00
	61.00
	04.46
	04.00
	22.00
	09.33
	04.83
	98.66
	82.00
	927.12

	HE-15
	29.89
	09.00
	04.61
	13.22
	07.22
	09.00
	43.00
	64.00
	03.79
	03.00
	12.00
	07.00
	03.96
	68.22
	84.00
	769.22

	HE-16
	37.33
	07.00
	05.89
	14.89
	08.34
	05.00
	44.00
	65.00
	03.75
	02.00
	12.00
	06.75
	04.05
	49.11
	86.00
	663.26

	HE-17
	29.11
	08.00
	04.50
	12.50
	08.06
	07.00
	45.00
	66.00
	03.54
	02.00
	08.00
	07.71
	04.50
	63.11
	85.00
	568.74

	HE-83
	30.55
	09.00
	06.06
	14.28
	08.06
	00.00
	42.00
	64.00
	04.34
	01.00
	15.00
	08.00
	04.42
	71.11
	84.00
	833.89

	HE-19
	32.11
	10.00
	05.00
	15.22
	09.28
	00.00
	42.00
	63.00
	03.75
	01.00
	20.00
	09.05
	05.15
	90.67
	84.00
	909.19

	HE-85
	26.89
	12.00
	05.50
	15.05
	08.22
	09.00
	43.00
	63.00
	04.42
	03.00
	21.00
	07.92
	04.63
	96.67
	83.00
	919.26

	HE-86
	24.22
	09.00
	06.28
	13.83
	06.89
	08.00
	44.00
	64.00
	03.67
	03.00
	12.00
	07.25
	04.17
	64.33
	84.00
	761.67

	HE-22
	31.33
	08.00
	04.94
	12.61
	07.78
	07.00
	45.00
	66.00
	04.33
	02.00
	11.00
	07.38
	04.25
	39.55
	87.00
	690.74

	HE-23
	38.78
	07.00
	06.06
	14.06
	09.45
	08.00
	47.00
	68.00
	03.09
	03.00
	12.00
	08.55
	04.05
	42.22
	88.00
	634.96

	HE-24
	20.11
	04.00
	05.50
	13.00
	07.11
	06.00
	46.00
	66.00
	03.38
	02.00
	10.00
	07.00
	03.92
	50.22
	87.00
	563.30

	HE-25
	32.33
	10.00
	02.94
	11.11
	07.16
	07.00
	43.00
	63.00
	03.88
	03.00
	11.00
	09.88
	04.04
	46.22
	88.00
	860.59

	HE-96
	31.56
	07.00
	04.83
	12.50
	07.39
	07.00
	42.00
	63.00
	03.50
	03.00
	11.00
	08.80
	03.63
	42.89
	83.00
	591.48

	HE-27
	25.56
	09.00
	04.39
	12.00
	06.61
	09.00
	43.00
	65.00
	03.63
	03.00
	14.00
	10.46
	03.88
	65.56
	85.00
	752.33

	HE-28
	32.55
	07.00
	04.44
	15.44
	11.00
	06.00
	47.00
	68.00
	04.04
	02.00
	12.00
	8.88
	04.13
	50.67
	86.00
	751.19

	HE-29
	34.11
	06.00
	05.00
	14.17
	08.11
	06.00
	43.00
	67.00
	01.88
	03.00
	12.00
	13.17
	02.13
	60.22
	84.00
	655.44

	Mean
	30.50
	8.13
	4.87
	13.16
	7.49
	6.00
	44.54
	64.92
	3.83
	3.00
	12.52
	9.10
	4.04
	60.69
	85.36
	706.51

	SE(m)
	1.34
	0.67
	0.26
	0.67
	0.33
	0.42
	1.54
	0.96
	0.14
	0.20
	0.26
	0.27
	0.23
	1.34
	0.86
	19.05

	C.D.
	3.81
	1.90
	0.74
	1.90
	0.93
	1.19
	4.36
	2.74
	0.41
	0.58
	0.74
	0.77
	0.66
	3.80
	2.43
	54.07

	C.V.
	7.63
	14.22
	9.22
	8.79
	7.57
	12.08
	5.98
	2.57
	6.51
	13.87
	3.59
	5.16
	9.93
	3.82
	1.74
	4.67
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	Cluster
	Number of Genotypes
	Name of Genotypes

	Cluster I
	18
	HE-1, HE-3, HE-6, HE-8, HE-70, HE-10, HE-12, HE-13, HE-15, HE-16, HE-86, HE-22, HE-23, HE-24, HE-25, HE-96, HE-27, HE-28

	Cluster II
	3
	HE-78, HE-85, HE-7

	Cluster III
	4
	HE-2, HE-4, HE-5, HE-17

	Cluster IV
	1
	HE-29

	Cluster V
	1
	HLB-12

	Cluster VI
	2
	HE-83, HE-19

	Cluster VII
	1
	HE-76





Figure 1: Dendrogram showing the clustering pattern                                     Table 2: Distribution of thirty brinjal genotypes in different cluster

Cluster distance and mean analysis: 
[bookmark: _Hlk108967782]The maximum inter-cluster distance was observed between cluster V and cluster VII (54.38) (Table 3) and based on this, the selection of genotypes can be recommended from these two clusters for recombination breeding programs and to produce desirable transgressive segregants (Arya et al., 2017; Kaur et al., 2020). Cluster VII showed highest cluster mean value for primary branches per plant (12.11), clusters per plant (9.33), fruits per cluster (4.00), fruits per plant (21.58), fruit width (5.80), fruit weight (131.34) and fruit yield per plant (932.96) and cluster IV had highest mean value for fruit length (13.17). The above statement indicated that cluster VII had the highest mean value for most of the yield contributing characters (Table 4). Therefore, cluster VII was considered the most desirable for selecting genotypes for further breeding improvement (Sulaiman et al., 2020; Lateef et al., 2022).
Table 3: Analysis for intra (diagonal) and inter-cluster distances for thirty brinjal genotypes
	
	Cluster I
	Cluster II
	Cluster III
	Cluster IV
	Cluster V
	Cluster VI
	Cluster VII

	Cluster I
	13.56
	-
	-
	-
	-
	-
	-

	Cluster II
	27.79
	14.15
	-
	-
	-
	-
	-

	Cluster III
	25.90
	40.10
	17.14
	-
	-
	-
	-

	Cluster IV
	18.25
	24.58
	30.00
	00.00
	-
	-
	-

	Cluster V
	21.04
	40.32
	28.39
	23.63
	00.00
	-
	-

	Cluster VI
	28.07
	28.15
	29.36
	30.64
	40.97
	15.34
	-

	Cluster VII
	41.04
	20.60
	47.89
	38.15
	54.38
	33.82
	00.00




	Sr. No.
	Characters
	Clusters

	
	
	I
	II
	III
	IV
	V
	VI
	VII

	1.
	Plant height (cm)
	30.12
	32.70
	31.14
	34.11
	22.45
	31.33
	30.78

	2.
	Primary branches per plant
	07.53
	11.18
	07.69
	05.56
	06.89
	09.78
	12.11

	3.
	Petiole length (cm)
	04.95
	04.85
	04.74
	05.00
	03.00
	05.53
	04.33

	4.
	Leaf blade length (cm)
	12.89
	15.15
	12.83
	14.17
	09.39
	14.75
	12.94

	5.
	Leaf blade width (cm)
	07.42
	08.17
	07.28
	08.11
	05.00
	08.67
	07.00

	6.
	Clusters per plant
	06.97
	08.59
	01.64
	06.44
	06.56
	00.00
	09.33

	7.
	Days to first flowering
	44.91
	42.22
	46.50
	43.33
	46.00
	42.00
	42.00

	8.
	Days to 50% flowering
	65.33
	62.67
	65.33
	67.00
	68.00
	63.67
	60.00

	9.
	Fruit peduncle length (cm)
	03.72
	04.25
	04.23
	01.88
	03.96
	04.04
	04.21

	10.
	Fruits per cluster
	02.65
	03.56
	00.61
	02.67
	03.00
	00.00
	04.00

	11.
	Fruits per plant
	11.93
	19.03
	07.17
	11.75
	07.58
	17.13
	21.58

	12.
	Fruit length (cm)
	08.50
	09.47
	10.16
	13.17
	12.75
	08.52
	07.79

	13.
	Fruit width (cm)
	03.95
	04.46
	04.03
	02.13
	03.38
	04.71
	05.80

	14.
	Fruit weight (g)
	51.23
	93.78
	59.14
	60.22
	27.22
	80.89
	131.34

	15.
	Days to first harvesting
	86.17
	82.78
	86.50
	84.00
	85.33
	83.83
	82.00

	16.
	Fruit yield per plant (g)
	676.44
	913.70
	605.15
	655.44
	526.26
	871.54
	932.96


Table 4: Cluster means analysis of thirty genotypes of brinjal


Relative contribution towards total divergence: 
When a trait ranked first, it indicates that it played a more important role in driving divergence than the other traits (Singh et al., 2022). Maximum contribution to the divergence was showed by the fruit weight (37.24%) followed by fruit per plant (26.21%), fruit per cluster (13.33%) and fruit length (8.74%), and it indicated that selection for divergent parents based on these characters will be useful for successful crop improvement programme in brinjal (Kaur et al., 2021).
Analysis of variance revealed highly significant differences among the genotypes for all the sixteen characters at 5% level of significance. Means of genotypes varied greatly for different traits indicating the higher magnitude of variability in the germplasm. The genotype HE-76 was found superior with high mean values for primary branches per plant, clusters per plant, fruits per cluster, fruits per plant, fruit width, fruit weight and fruit yield per plant followed by HE-78, HE-85 and HE-19 for yield and yield attributing characters. It can be concluded that the germplasm lines developed in different breeding programmes and used in the present investigation had high morphological divergence and could be divided into seven distinct clusters through Mahalanobis D2 statistics in brinjal. The inter-cluster D2values ranged from 54.38 to 18.25. The maximum inter-cluster value observed between cluster V (Genotype HLB-12) and VII (Genotype HE-76) i.e., 54.38, indicates that the genotypes included in these clusters had maximum divergence. Hence, hybridization between the genotypes included in these different clusters may give high heterotic responses and thus better segregants.
Conclusion
The current study concludes that one of the promising parents for upcoming crop enhancement initiatives could be the high fruit yielding germplasm line HE-76. Comparably, it was found that the genotypes HE-7, HE-13, HE-19, HE-78, and HE-85 were superior in terms of yield characters. The accessions from highly divergent clusters, such as cluster V (HLB-12) and VII (HE-76), can be used to create inbred plants, which will speed up the utilization of wild species genes in current and future breeding programmes, particularly for yield and adaptation to climate change.
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