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ABSTRACT 

	Aims: Tomatoes rank as the second most important vegetable crop globally, following potatoes. The study was conducted to determine the genetic diversity among the tomato germplasm. Genetic diversity analysis helps identify distant parental lines that can be used to develop superior tomato varieties.
Study design: Thirty tomato genotypes were assessed in a randomized block design with three replications.  
Place and Duration of Study: The experiment was carried out at S. V. Agricultural College, Tirupati, during rabi 2023-24. 
Methodology: The genetic diversity was determined by applying Mahalanobis D2 statistics. 
Results: The thirty genotypes were divided into seven clusters. Cluster I was the largest cluster with eleven genotypes followed by nine genotypes in cluster II, four genotypes in cluster III, three in cluster V and only one genotype each in cluster IV, VI and VII. Beta-carotene content (39.77%) contributed the greatest towards genetic divergence, followed by the number of leaves at 60 DAT (34.02%), ascorbic acid (14.94%), yield per plant (6.67%) and titratable acidity (1.15%). Cluster III had the maximum intra-cluster distance. Highest inter-cluster distance was found between Cluster III and V.
Conclusion: Cross combinations between genotypes in Cluster III and V are hypothesized to lead to heterotic hybrids in F1 generation and some promising transgressive segregants in segregating generations.
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1. INTRODUCTION 

Tomato, a self-pollinated crop from the Solanaceae family, originates from South America (Vavilov, 1951). It is a highly nutritious and widely consumed vegetable crop, also known as “protective food”. 

Globally, tomato cultivation spans an area of approximately 5 million hectares, yielding a production of nearly 186.82 million tonnes with an average productivity of 36.97 t/ha (FAOSTAT, 2022). China leads in tomato production followed by India.
 
India’s lower tomato productivity (25.33 t/ha) compared to the world average (36.97 t/ha) necessitates the development of high-yielding varieties or hybrids with a focus on quality characters and suitability for processing. Crop improvement in tomato can be achieved by selection of genotypes with desirable character combinations that occurs naturally or by hybridization (Reddy et al., 2013). F1 hybrids of tomato are popular due to their higher productivity, uniformity and good quality fruits and selection of newer parents for higher heterosis becomes a continuous process (Kaushik et al., 2015).

The maximum heterosis is usually exhibited by genetically diverse parents (Harrington, 1940). For the maintenance of long-term selection gain, a better understanding genetic diversity is required. Genetic diversity analysis using Mahalanobis D² statistics (Mahalanobis, 1936) and Tocher’s method (Rao, 1952) aids in selecting superior parental lines for breeding. This study aims to assess genetic divergence among tomato germplasm accessions.

2. materialS and methods

The study was carried out at the S. V. Agricultural College, Tirupati during rabi, 2023-24 with thirty tomato genotypes procured from the Indian Institute of Vegetable Research, Varanasi. The experimental material was evaluated using a Randomized Block Design (RBD) with three replications. The genotypes were planted in a single row in each replication at a spacing of 60 cm × 45 cm with a row length of 4.5 m. Observations on various parameters viz., number of leaves at 30 days after transplanting (DAT), days to 50% flowering, number of clusters per plant, days to 50% fruit setting, number of fruits per cluster, number of leaves at 60 DAT, internode length (cm), plant height (cm), number of primary branches per plant, fruit length (cm), fruit diameter (cm), number of locules in fruit, pericarp thickness (mm), average fruit weight (g), fruit pH, total soluble solids (oBx), titratable acidity (%), ascorbic acid (mg/100g), lycopene content (mg/100g), beta-carotene (mg/100g), fruit shelf life, seed test weight (g) and yield per plant (kg) were recorded. The data collected were subjected to multivariate analysis utilizing Mahalanobis D2 statistic as suggested by Mahalanobis (1936) and grouping of genotypes into clusers following Tocher’s method (Rao, 1952) using statistical software WINDOSTAT 9.2 developed by INDOSTAT Services Ltd. Hyderabad, India. 

3. results and discussion

Wilk’s test showed highly significant differences among the genotypes for the aggregate effect of twenty-three characters, which suggested the  existence of considerable divergence in the material, hence D2 analysis was carried out. Assessment of divergence in the germplasm is essential to know the spectrum of diversity so that improvement in fruit yield can be normally attained through involvement of the genetically diverse parents in breeding programmes.

3.1 D2 Analysis (Clustering Pattern)

Based on D2 values, the 30 genotypes were grouped into seven highly divergent clusters. Cluster I had the most genotypes i.e., eleven, followed by cluster II, which had nine genotypes, cluster III had 4 genotypes and cluster V had three genotypes while clusters IV, VI and VII were solitary. Cluster I included the genotypes Anand Tomato-3, Floradade, Hisar Lalit, Best of All, DCT-2, Kalyanpur T-4, KS-16, Pusa Gaurav, Pusa Sheetal, Kashi Amrit and Arka Vikas; cluster II had CO-3, PNR-7, Arka Ahuti, DARL-68, Kashi Sharad, Kashi Adarsh, Bhagyashree, Pusa Rohini and Azad T8; BT-11, Pant T-3, Anagha and Moneymaker genotypes were included in cluster III; cluster V included Colambia, Pusa Uphar and Azad T2; the genotypes Utkal Kumari, Swarna Naveen and Punjab Chhuhara were part of cluster IV, VI and VII respectively.  The grouping pattern derived from the magnitude of D2 values is shown in Table 1.

Table 1.	Clustering pattern of thirty genotypes of tomato based on Tocher’s method.

	Cluster Number
	Number of Genotypes within the clusters
	Genotypes in cluster

	I
	11
	Anand Tomato-3, Floradade, Hisar Lalit, Best of All, DCT-2, Kalyanpur T-4, KS-16, Pusa Gaurav, Pusa Sheetal, Kashi Amrit, Arka Vikas

	II
	9
	CO-3, PNR-7, Arka Ahuti, DARL-68, Kashi Sharad, Kashi Adarsh, Bhagyashree, Pusa Rohini, Azad T8

	III
	4
	BT-11, Pant T-3, Anagha, Moneymaker

	IV
	1
	Utkal Kumari

	V
	3
	Colambia, Pusa Uphar, Azad T2

	VI
	1
	Swarna Naveen

	VII
	1
	Punjab Chhuhara



In line with this, Dar et al. (2015) grouped 60 tomato genotypes into 20 clusters, Basavaraj et al. (2016) grouped 30 genotypes into 10 clusters, Nalla et al. (2014) grouped 27 genotypes into nine clusters, Rathod et al. (2015) grouped 43 genotypes into 7 clusters and Naveen et al. (2018) grouped 30 genotypes into 8 clusters.

3.2 Average inter and intra-cluster distances

The mean intra and inter-cluster D2 values are presented in Figure 1. An examination of intra-cluster distance among the seven clusters revealed that cluster III had maximum intra-cluster distance (233.78) followed by cluster II (216.00), cluster I (159.43) and cluster V (140.66). High intra-cluster distance may be due to limited gene exchange or selection practices for diverse traits among its genotypes whereas low intra-cluster distance indicates the similarity of the genotypes within it. The clusters IV, VI and VII were solitary. 
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Fig. 1. Cluster diagram depicting intra and inter-cluster distances based on Tocher’s method.

The inter-cluster distance (D2) ranged from 158.41 to 1116.9. Highest inter cluster distance (1116.9) was found between clusters III and V, followed by clusters V and VII (1062.8), clusters II and VII (730.95), clusters II and IV (625.63), clusters III and IV (603.69), clusters IV and V (584.15), clusters III and VI (575.52), clusters II and III (573.08), clusters VI and VII (553.36), clusters V and VI (477.42), clusters I and V (475.09), clusters II and VI (442.36), clusters II and V (419.03), clusters IV and VII (388.02), clusters III and VII (384.94), clusters I and III (365.06), clusters I and VII (340.11), clusters I and II (315.43), clusters I and VI (245.58), clusters I and IV (240.51) and clusters IV and VI (158.41). Higher inter-cluster distance indicated indicating greater genetic diversity among the genotypes in these groups whereas lesser inter-cluster distance suggested a close relationship and similarity in most traits of the genotypes within these clusters. Less intra-cluster distance than inter-cluster distance suggests that the genotypes within the clusters are homogenous and the genotypes between the clusters are heterogeneous. 

These results are in alignment with the findings by Nalla et al. (2014), Mehta and Asati (2008) and Kumar et al. (2010). Inter-cluster distances may be used to select genetically diverse and superior genotypes. These results suggest that genotypes of cluster III and cluster V show maximum divergence, indicating that the genotypes might produce superior heterotic F1 or more promising segregants in segregating generations when used in hybridization programme. 

The prediction of occurrence of heterosis depends on genetic divergence, the characters that contribute towards divergence and the mean performance of the genotypes (Matzinger and Werusman, 1968).

3.3 Cluster means

For the twenty-three characters studied in this investigation, the cluster means are presented in Table 2. It revealed considerable differences among all the clusters.

Table 2.	Cluster means for twenty-three characters in tomato.
 
	Character
	Cluster I
	Cluster II
	Cluster III
	Cluster IV
	Cluster V
	Cluster VI
	Cluster VII

	Number of leaves at 30 DAT
	26.83
	22.02
	29.97
	34.13
	25.89
	26.4
	21.6

	Days to 50% flowering
	49.94
	52.44
	49.33
	47.33
	44.67
	41
	43.33

	Number of clusters/plant
	6.46
	6.13
	7.37
	7.3
	9.27
	5.22
	5.9

	Days to 50% fruit setting
	58.85
	58.37
	56.75
	55.67
	56.44
	58
	58

	Number of leaves at 60 DAT
	226.42
	130.33
	281.2
	293.13
	120.89
	238.87
	330

	Number of fruits/cluster
	3.76
	3.85
	3.65
	4.11
	3.76
	4.57
	3.89

	Internode length (cm)
	3.51
	3.51
	3.24
	3.36
	3.43
	3.83
	3.06

	Plant Height (cm)
	80.64
	80.6
	79.97
	111.5
	59.06
	96.9
	84.63

	Number of primary branches/plant
	10.51
	8.68
	9.76
	11.93
	6.63
	7.8
	10.2

	Average fruit weight(g)
	51.72
	67.9
	46.4
	43.53
	55.44
	21.33
	63.07

	Fruit length(cm)
	4.2
	4.83
	3.64
	3.86
	4.41
	3.93
	6.66

	Fruit diameter(cm)
	4.55
	4.88
	4.59
	4.33
	4.43
	3.13
	3.97

	Number of locules in Fruit
	3.14
	3.33
	3.67
	3.07
	3.22
	2.2
	2.47

	Pericarp thickness (mm)
	5.24
	5.65
	3.9
	4.69
	4.83
	3.83
	6.21

	TSS (°Bx)
	5.49
	5.27
	5.33
	6
	5.52
	6.03
	5.2

	Titratable Acidity (%)
	0.41
	0.37
	0.5
	0.45
	0.44
	0.41
	0.34

	Ascorbic Acid (mg/100g)
	19.39
	19.93
	17.88
	22.42
	22.62
	28.48
	15.15

	Fruit pH
	3.74
	3.77
	3.72
	3.69
	3.62
	4.09
	3.83

	Lycopene Content (mg/100g)
	4.94
	5.02
	4.96
	4.93
	4.92
	4.91
	5.07

	Beta carotene (mg/100g)
	1.5
	0.97
	0.54
	2.28
	2.22
	1.7
	1.73

	Fruit Shelf Life
	36.91
	39.37
	29.5
	35.67
	28.22
	26
	31.33

	Seed test weight (g)
	2.8
	2.93
	2.84
	3.3
	2.43
	2.52
	2.75

	Yield/plant (kg)
	1.17
	1.37
	1.2
	1.35
	0.9
	0.73
	1.27



Cluster means for number of leaves at 30 DAT varied from 21.60 (VII) to 34.13 (IV). The cluster means for the days to 50% flowering ranged from 41.00 (VI) to 52.44 (II). The cluster means for the number of clusters per plant was maximum at 9.27 in cluster V and minimum in cluster VI (5.22). Days to 50% fruit setting ranged from 55.67 (IV) to 58.85 (I). The cluster means for number of leaves at 60 DAT ranged between 120.89 (V) to 330.00 (VII). The cluster means for number of fruits per cluster ranged from 3.65 (III) to 4.57 (VI). The cluster means for internode length ranged from 3.60 (VII) to 3.83 (VI). The cluster means for the plant height ranged from 59.06 (V) to 111.50 (IV). The cluster means for number of primary branches per plant were between 6.63 (V) to 11.93 (IV). The cluster means for average fruit weight ranged from 21.33 (VI) to 67.90 (II). For the character fruit length, the cluster means ranged from 3.64 (III) to 6.66 (VII). The cluster means for fruit diameter ranged from 3.13 (VI) to 4.88 (II). The cluster means number of locules in fruit ranged from 2.20 (VI) to 3.67 (III). The cluster means for the pericarp thickness ranged from 3.83 (VI) to 6.21 (VII). The cluster means for total soluble solids content in fruit ranged from 5.20 (VII) to 6.03 (VI). The cluster means for the titratable acidity (%) ranged from 0.34 (VII) to 0.50 (III). The ascorbic acid cluster mean was highest at 28.48 in Cluster VI and lowest at 15.15 in Cluster VII. The cluster means for fruit pH varied from 3.62 (V) to 4.09 (VI). The cluster means for lycopene content ranged from 4.91 (VI) to 5.07 (VII). The cluster means for beta-carotene ranged from 0.54 (III) to 2.28 (IV). The cluster means fruit shelf life ranged between 26.00 (VI) to 39.37 (II). The cluster means for seed test weight varied from 2.43 (V) to 3.30 (IV). For the character fruit yield per plant, the cluster means ranged from 0.73 (VI) to 1.37 (II).

3.4 Percent Contributions

The percentage contributions of the characteristics under study to overall divergence are presented in Table 3. Beta-carotene content (39.77%) contributed maximum towards genetic divergence, followed by the number of leaves at 60 DAT (34.02%), ascorbic acid (14.94%), yield per plant (6.67%) and titratable acidity (1.15%) indicating more variability in these characters. The remaining characters’ contribution to the genetic divergence was negligible.

De et al. (1988) proposed that for choosing clusters for further selection and choice of parents for hybridization, emphasis should be given to the characters that contribute greatly towards D2 values. The same has been suggested by Nalla et al. (2014) and Kumar et al. (2010).


Table 3.	Contribution percentage of twenty-three characters towards genetic                  divergence in tomato.

	Source
	Times Ranked 1st
	Contribution %

	Number of leaves at 30 DAT
	0
	0

	Days to 50% flowering
	0
	0

	Number of clusters/plant
	0
	0

	Days to 50% fruit setting
	0
	0

	Number of leaves at 60 DAT
	148
	34.02

	Number of fruits/cluster
	0
	0

	Internode length (cm)
	0
	0

	Plant Height (cm)
	3
	0.69

	Number of primary branches/plant
	1
	0.23

	Average fruit weight(g)
	0
	0

	Fruit length(cm)
	4
	0.92

	Fruit diameter(cm)
	2
	0.46

	Number of locules in Fruit
	0
	0

	Pericarp thickness (mm)
	0
	0

	TSS (°Bx)
	0
	0

	Titratable Acidity (%)
	5
	1.15

	Ascorbic Acid (mg/100g)
	65
	14.94

	Fruit pH
	0
	0

	Lycopene Content (mg/100g)
	1
	0.23

	Beta carotene (mg/100g)
	173
	39.77

	Fruit Shelf Life
	4
	0.92

	Seed test weight (g)
	0
	0

	Yield/plant (kg)
	29
	6.67



[bookmark: _Hlk173089087][bookmark: _Hlk173089424][bookmark: _Hlk173089413]The presence of significant variations in the lines, as well as their clustering into separate clusters, would benefit in a breeding programme including hybridization and selection of lines of diverse origin, which often exhibits stronger heterosis than lines that are closely related. These findings were in general agreement with the earlier reports of Mishra et al. (2025), Oliveira et al. (2024), Mahmuda et al. (2020), Dar et al. (2015), Rai et al. (2016), Meena and Bahadur (2015), Prajapati et al. (2015), Tabassum et al. (2024) and Alam et al. (2020). 

Breeding programmes in tomato focus on objectives such as improving yield, nutrition, shelf life, processing quality, resistance to biotic and abiotic stresses etc. For breeding for high-yielding tomatoes, the cross combinations with parents from clusters II and VII and II and IV might be promising.
 
Early fruit setting varieties should be preferred for an extended growing season and providing early market supply. For this purpose, the genotypes from Clusters VI and VII or Clusters VI and V can be used as parents. Since non-additive gene action controls the trait, heterosis breeding will be beneficial. 

High nutritional value of tomato is due to presence of health-beneficiary compounds like ascorbic acid, lycopene content and beta-carotene. Increased concentration of these traits in tomato would increase its nutritional value and might fetch higher prices in the market from health-conscious consumers. Hence, breeding for nutritional quality is also one of the objectives. Azad T8, Pusa Sheetal, Utkal Kumari, Punjab Chhuhara, Kashi Adarsh and Kalyanpur T4 are suitable genotypes for improving the nutritional content of the fruits. Lycopene content is governed by non-additive gene action and can be improved through development of hybrids. Based on the cluster means, the genotypes belonging to cluster VII can be utilized. 

Developing varieties with longer shelf life is also preferred in order to reduce post-harvest losses. Crosses with genotypes from cluster II and VII or from cluster II and IV are promising crosses to improve fruit shelf life. 

The parameters desired by the processors are ≥ 5.50 TSS, < 0.40 % titratable acidity and fruit pH < 4.40. According to this, the genotypes Floradade, Anand Tomato-3, BT-11, Pusa Rohini and Best of All are suitable for processing. High yielding hybrids suitable for processing might be obtained by crossing Azad T8 x BT-11, Arka Ahuti x BT-11, Bhagyashree x BT-11 and Pant T-3 x Pusa Rohini.

4. Conclusion

The D2 statistics revealed presence of high genetic divergence among the experimental material. The thirty genotypes were divided into seven clusters based on D2 statistics and the genotype distribution within each cluster varied in number. The highest inter-cluster value was observed between cluster V and III. Maximum cluster mean for fruit yield per plant was observed in cluster II followed by cluster IV. Beta-carotene content (39.77%) contributed maximum towards genetic divergence. Crosses are likely to be more useful when carried out between genotypes of clusters that have high inter cluster distances between them as well as show high cluster means for important characters.
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