



Diversity analysis for morphological traits in Tomato (Solanum lycopersicum L.) 
Abstract
Morphological cluster analysis in fifty eight genotypes of tomato revealed considerable genetic diversity and grouped genotypes into 12 different clusters. Selection of parents from most divergent clusters, having high cluster means and showing high performance can be used in hybridization programme for development of high yielding varieties. Maximum per cent contribution towards total genetic divergence was observed from average fruit weight followed by fruit diameter and fruit length suggesting that selection of one or two elite genotypes from such divergent clusters based on the above characters and crossing would result in more heterosis. 
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Introduction



Genetic diversity analysis assists in interpreting the genetic background and breeding value of the germplasm. Wide range of variability in shape and size and colour of mature fruits and other character are found within tomato. As a result of its wide diversity in gene pool and consequent improvement in selection and breeding, a large number of cultivars have adapted to different agro- climatic conditions (Villarel et al., 1998). A lot of diversity is also found in growth and development pattern of tomato due to altitudinal variation (Sharma and Singh, 2012). 
Multivariate technique using D2 statistics (Mahalanobis, 1928) is a powerful tool in quantifying the degree of divergence among the genotypes which is helpful to screen the genetically diverse parents that are likely to produce high heterotic effects among crosses and also generate large spectrum of variability during segregation and recombination of genes at heterozygous polygenic blocks. 

Underutilized extant diversity within and between the tomato species could serve as a valuable resource to enrich the genetic pool of cultivated tomatoes with marginalized alleles that could increase productivity and stress adaptation (Gur et al, 2004). The low genetic diversity of cultivated tomatoes necessitates the use of modern molecular techniques for the discovery of markers able to detect minor variations within tomato germplasm (Foolad and Panthee, 2012). 
Materials and Methods


The present investigation was undertaken at Vegetable Experimental farm of the Division of Vegetable Science, SKUAST-K, Shalimar during Kharif 2021. A set of fifty eight genotypes of tomato (Table 1) were used for the present study. The genotypes were collected from different agro climatic regions and had valuable characteristics for breeding purposes. These genotypes were evaluated for morphological, yield and quality parameters viz., plant height (cm), number of primary branches per plant, days to 50 per cent flowering, number of fruits per plant, average fruit weight (g), fruit length (cm), fruit width (cm), days to 1st fruit harvest, fruit yield per plant (kg), pericarp thickness (mm), total soluble solids (ºBrix), titratable acidity (%), ascorbic acid content (mg 100-1 g), total sugars (%) and lycopene content (mg 100-1g). The experiment was laid out in Randomized Complete Block Design (RCBD). The row to row and plant to plant spacing was maintained at 45 x 30 cm. The experimental field is located at the main campus, Shalimar, Srinagar. Laboratory work was conducted at NSP laboratory, Division of Genetics and Plant Breeding, SKUAST-K Shalimar, during Kharif 2022. 
Results and Discussion



In the present study, fifty-eight genotypes of tomato were evaluated to estimate the genetic divergence for identification of potential parents using Mahalanobis D2 statistics. The genotypes were grouped into twelve clusters. The formation of different clusters with variable number of entries in each cluster indicated diversity among genotypes. The genotypes from different agro- ecological zones were found to be scattered in different clusters, which suggested that a pattern of clustering of accessions was independent of their geographical origin. The cluster dendrogram indicated that the maximum number of genotypes fell in cluster I (17). Cluster II consisted of 12 genotypes, cluster III comprised of 10 genotypes, cluster IV consisted of 9 genotypes and cluster XI consisted of 3 genotypes. Cluster V, VI, VII, VIII, IX, X and XII each consisted of single genotypes (Table 2 and Fig. 1). 


Utility of multivariate analysis in selecting genetically divergent parents for successful hybridization in tomato has been discussed by Zhang et al. (2019); Kumar et al. (2015); Dufera (2014); Bhattarai et al. (2018).  The intra cluster distance ranged from 0.00 (cluster V, VI, VII, VIII, IX, X and XII) to 447.29 (cluster XI) (Table 3 and Fig. 2).  The members of cluster XI exhibited maximum divergence (intra cluster distance 447.29) indicating high heterogeneity in genetic constitution of genotypes in that cluster while minimum intra cluster distance (D2) (cluster V, VI, VII, VIII, IX and XII) indicated homogeneity in genetic constitution of genotypes in that cluster. Highest inter cluster distance (D2 value) was recorded between cluster III and XII (3819.03) followed by III and IV (3109.01) and VIII and XII (2594.69) indicating more heterogeneous genetic constitution of genotypes included in both clusters. In contrast, minimum inter cluster distance between cluster VI and VIII (161.70) followed by V and IX (165.84) and II and V (417.75) indicated closer relationship among the genotypes included (Farhad et al. (2010); Pujar et al. (2017)). 



Cluster V recorded maximum value seed yield per fruit (0.33), number of primary branches per plant (5.53), seed yield per plant (7.56) and minimum value for number of pickings (4.13). Cluster VI recorded maximum value days to 1st flowering (39.33), days to 1st fruit set (49.07), days to 1st fruit harvest (88.13), pericarp thickness (5.21), number of fruits per plant (25.53) and minimum value for number of primary branches per plant (5.53). Cluster X recorded maximum value for number of fruits per cluster (5.07) and number of pickings (5.80). Cluster XI recorded maximum value for fruit yield per plant (1.09), fruit yield per hectare (814.15). Cluster IX recorded maximum value for fruit length (6.14). Cluster IV recorded maximum value for average fruit weight (61.86). Cluster XII recorded maximum value number for number of locules (4.73), plant height (117.05), fruit diameter (6.75) and duration of fruiting/harvest (41.67) while cluster IX recorded minimum values for number of locules (2.60), plant height (92.04), number of fruits per cluster (3.67), pericarp thickness (2.14), number of primary branches per plant (4.13), number of fruits per plant(13.87), fruit yield per plant (0.32), fruit yield per hectare (239.27). Thus, the traits showing high contribution towards genetic divergence can be improved upon by selecting the genotypes from those clusters having maximum cluster means for the respective traits, which in turn depends upon the objective of the breeding programme.


Persual of the results representing cluster means (Table 4) for different growth characters revealed that considerable differences for all the characters among clusters. Tremendous potential was found to exist for converging the elite allelic resources present in the current set of tomato genotypes through a systematic breeding and selection approach so as to recover high yielding recombinants, with good quality characteristics. Selection of the parents for hybridization should be done from different clusters having wide inter-cluster distance and those selected parents should have high per se performance for the traits contributing maximum towards divergence (Singh et al., 1996). Clusters consisting of only one genotype with specific traits could be used in hybridisation programme for the exploitation of heterosis mainly as testers for expression of maximum heterosis.

Per cent contribution is a measure of how much each trait contributes to the variation in a complex trait, such as yield or quality. Per cent contribution can help to identify the most important traits for selection and breeding, as well as to understand the genetic basis and interactions of these traits. The traits contributing maximum towards the divergence should be given great emphasis for deciding the clusters to be chosen for hybridisation and the subsequent selection of the parents from the clusters be based on their per se performance. Persual of the Table 5  representing per cent contribution of the traits indicated that highest per cent contribution was observed from average fruit weight (31.82%) followed by fruit diameter (30.85%) and fruit length (28.92%) suggesting that selection of one or two elite genotypes from such divergent clusters based on the above characters and crossing would result in more heterosis. Similar results were obtained by Maurya et al. (2019); Medagam et al. (2014); Ruthi et al. (2011); Singh et al. (2002) and Reddy et al. (2013b).
Table 1: Tomato (Solanum lycopersicum L.) genotypes used in the present study

	S. No.
	Genotype
	Source
	S. No.
	Genotype
	Source

	1. 
	EC 914106
	NBPGR, New Delhi
	30.
	EC-163711
	NBPGR, New Delhi

	2. 
	EC 914093
	NBPGR, New Delhi
	31.
	EC-521067
	NBPGR, New Delhi

	3. 
	EC 620402
	NBPGR, New Delhi
	32.
	Shopian Sel-1
	Local

	4. 
	IARI-7
	IARI, New Delhi
	33.
	EC-521067-B
	NBPGR, New Delhi

	5. 
	EC 617047
	NBPGR, New Delhi
	34.
	EC-367855
	NBPGR, New Delhi

	6. 
	EC 914114
	NBPGR, New Delhi
	35.
	EC-159041
	NBPGR, New Delhi

	7. 
	Kashi Chayan
	IIVR, Varanasi
	36.
	EC-274122
	NBPGR, New Delhi

	8. 
	EC 914109
	NBPGR, New Delhi
	37.
	EC-620389
	NBPGR, New Delhi

	9. 
	EC 620401
	NBPGR, New Delhi
	38.
	EC-620372
	NBPGR, New Delhi

	10. 
	EC 914107
	NBPGR, New Delhi
	39.
	EC-620373
	NBPGR, New Delhi

	11. 
	EC 914101
	NBPGR, New Delhi
	40.
	EC-620775
	NBPGR, New Delhi

	12. 
	EC 914091
	NBPGR, New Delhi
	41.
	EC-528368
	NBPGR, New Delhi

	13. 
	EC 914105
	NBPGR, New Delhi
	42.
	EC-164625
	NBPGR, New Delhi

	14. 
	EC-241140
	NBPGR, New Delhi
	43.
	EC-3176
	NBPGR, New Delhi

	15. 
	EC-165690
	NBPGR, New Delhi
	44.
	EC-632943
	NBPGR, New Delhi

	16. 
	EC-145054
	NBPGR, New Delhi
	45.
	EC-162516
	NBPGR, New Delhi

	17. 
	EC-164656
	NBPGR, New Delhi
	46.
	EC-151568
	NBPGR, New Delhi

	18. 
	EC-144681
	NBPGR, New Delhi
	47.
	EC-514109
	NBPGR, New Delhi

	19. 
	EC-145622
	NBPGR, New Delhi
	48.
	EC-163605
	NBPGR, New Delhi

	20. 
	EC-157568
	NBPGR, New Delhi
	49.
	EC-177343
	NBPGR, New Delhi

	21. 
	EC-620557
	NBPGR, New Delhi
	50.
	KSP-5
	PAU, Ludhiana

	22. 
	EC-162518
	NBPGR, New Delhi
	51.
	TIH-611
	PAU, Ludhiana

	23. 
	EC-620395
	NBPGR, New Delhi
	52.
	TBR-2
	PAU, Ludhiana

	24. 
	EC-620639
	NBPGR, New Delhi
	53.
	LVR-7
	PAU, Ludhiana

	25. 
	EC-249515
	NBPGR, New Delhi
	54.
	R-ZT-2
	PAU, Ludhiana

	26. 
	EC-241148
	NBPGR, New Delhi
	55.
	VN-1
	PAU, Ludhiana

	27. 
	EC-159053
	NBPGR, New Delhi
	56.
	CLN-1621-L
	IIVR, Varanasi

	28. 
	EC-145057
	NBPGR, New Delhi
	57.
	EC-62038
	NBPGR, New Delhi

	29. 
	EC-162515
	NBPGR, New Delhi
	58.
	EC-160194
	NBPGR, New Delhi


Table 2:
Distribution of Tomato (Solanum lycopersicum L.) genotypes into clusters based on D2 Statistics

	Clusters
	Number of genotypes in Cluster
	Genotypes included

	I
	17
	IARI-7, EC-620775, EC-274122, EC-367855, EC 617047, EC-620395, EC-620389, EC 914107, EC-163711, EC-145054, EC-620639, Shopian Sel-1, EC-159041, EC-177343, EC-528368, VN-1, KSP-5

	II
	12
	EC 914114, EC-145622, EC-521067, EC-514109, EC 914093, EC-160194, EC-144681, EC-145057, EC 914101, EC-162516, EC 914106, EC-164656

	III
	10
	EC-3176, VN-1, EC-914105, EC-62038, EC-620401, TBR-2, TIH-611, EC 914091, LVR-7, CLN-1621-L

	IV
	9
	EC-157568, EC-521067-B, EC-162515, Kashi Chayan, EC 620402, EC 914109, EC-620557, EC-620373, EC-241140

	V
	1
	EC-164625

	VI
	1
	EC-159053

	VII
	1
	EC-632943

	VIII
	1
	EC-241148

	IX
	1
	EC-163605

	X
	1
	EC-249515

	XI
	3
	EC-165690, EC-162518, EC-620372

	XII
	1
	EC-151568
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Fig. 1:
Distribution of tomato` (Solanum lycopersicum L.) genotypes into different clusters as depicted by cluster dendrogram (Morphological analysis)

Table 3:
Average intra cluster (Diagonal) and inter cluster (Above Diagonal) distance values in Tomato (Solanum lycopersicum L.) genotypes

	
	Cluster 1
	Cluster 2
	Cluster 3
	Cluster 4
	Cluster 5
	Cluster 6
	Cluster 7
	Cluster 8
	Cluster 9
	Cluster 10
	Cluster 11
	Cluster 12

	Cluster 1
	246.17
	530.61
	494.47
	1955.23
	602.56
	390.81
	886.63
	442.46
	690.76
	397.71
	1243.50
	2221.86

	Cluster 2
	
	325.53
	1198.02
	990.79
	417.75
	419.00
	453.31
	504.71
	675.38
	488.53
	692.66
	1232.73

	Cluster 3
	
	
	251.83
	3109.01
	1417.11
	833.30
	1907.32
	635.82
	1433.87
	756.64
	2057.88
	3819.03

	Cluster 4
	
	
	
	433.17
	1501.84
	1491.18
	874.49
	1496.15
	2056.13
	1552.38
	828.15
	928.07

	Cluster 5
	
	
	
	
	0.00
	506.29
	476.68
	771.77
	165.84
	779.17
	955.35
	1269.24

	Cluster 6
	
	
	
	
	
	0.00
	756.08
	161.70
	562.14
	488.67
	707.94
	2163.84

	Cluster 7
	
	
	
	
	
	
	0.00
	997.23
	534.63
	1123.09
	517.89
	573.99

	Cluster 8
	
	
	
	
	
	
	
	0.00
	891.90
	560.91
	709.88
	2594.69

	Cluster 9
	
	
	
	
	
	
	
	
	0.00
	1199.47
	1051.99
	1860.90

	Cluster 10
	
	
	
	
	
	
	
	
	
	0.00
	1443.92
	1789.35

	Cluster 11
	
	
	
	
	
	
	
	
	
	
	447.29
	1646.01

	Cluster 12
	
	
	
	
	
	
	
	
	
	
	
	0.00
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Fig. 2:
Average intra cluster and inter cluster distance values in Tomato (Solanum lycopersicum L.) genotypes
Table 4:
Cluster means for various growth, maturity and yield attributing characters in different clusters of Tomato (Solanum lycopersicum L.) genotypes
	
	DTFF
	DTFFS
	DTFFH
	NOL
	PH
(cm)
	NOFPC
	PT
(mm)
	FL
(cm)
	FD
(cm)
	SYPF (g)
	100SW
(g)
	AFW
(g)
	DOF/H
	NOP
	NOPBPP
	NOFPP
	FYPP (kg)
	SYPP
(g)
	FYPH (q)

	Cluster 1
	28.41
	39.26
	82.10
	3.56
	102.49
	4.25
	3.68
	4.10
	3.79
	0.22
	0.32
	24.33
	35.24
	4.91
	4.62
	20.85
	0.50
	4.63
	375.15

	Cluster 2
	31.14
	41.34
	82.28
	3.60
	102.98
	4.22
	3.62
	4.77
	4.58
	0.25
	0.38
	37.35
	37.03
	5.12
	5.17
	21.47
	0.79
	5.47
	586.45

	Cluster 3
	27.15
	38.60
	79.71
	3.08
	105.21
	4.51
	3.14
	3.03
	3.07
	0.23
	0.35
	21.02
	37.53
	5.11
	5.17
	20.51
	0.45
	4.76
	327,88

	Cluster 4
	29.31
	41.24
	84.71
	3.60
	110.42
	4.62
	4.13
	5.15
	5.98
	0.23
	0.35
	61.86
	35.17
	4.87
	4.59
	14.53
	0.88
	3.41
	653.33

	Cluster 5
	35.33
	43.87
	86.67
	3.20
	108.15
	4.07
	2.19
	5.68
	4.16
	0.33
	0.42
	25.78
	37.40
	4.13
	5.53
	22.87
	0.59
	7.56
	439.50

	Cluster 6
	39.33
	49.07
	88.13
	2.80
	115.26
	4.07
	5.21
	4.78
	3.58
	0.23
	0.35
	34.87
	34.87
	4.80
	5.53
	25.53
	0.89
	5.821
	663.40

	Cluster 7
	21.93
	32.13
	76.40
	2.80
	92.04
	3.80
	3.39
	5.86
	4.43
	0.17
	0.25
	41.87
	40.00
	5.13
	5.33
	17.67
	0.74
	2.93
	554.15

	Cluster 8
	36.20
	46.00
	87.93
	2.80
	117.05
	4.73
	3.44
	4.07
	3.51
	0.25
	0.34
	41.22
	36.87
	4.93
	4.13
	21.53
	0.89
	5.35
	660.43

	Cluster 9
	33.53
	41.73
	82.33
	2.60
	84.65
	3.67
	2.14
	6.14
	3.17
	0.27
	0.36
	23.11
	39.40
	5.33
	4.40
	13.87
	0.32
	3.72
	239.27

	Cluster 10
	36.87
	47.27
	81.33
	2.67
	109.83
	5.07
	5.17
	3.60
	5.06
	0.25
	0.36
	26.31
	36.73
	5.80
	5.47
	20.13
	0.53
	5.04
	393.97

	Cluster 11
	28.16
	39.29
	81.80
	3.96
	112.58
	4.53
	3.47
	5.53
	4.02
	0.25
	0.35
	57.20
	34.49
	5.07
	5.20
	19.11
	01.09
	4.90
	814.15

	Cluster 12
	23.13
	36.07
	87.40
	4.73
	108.33
	3.93
	4.17
	6.07
	6.75
	0.26
	0.35
	43.04
	41.67
	4.73
	4.93
	21.93
	0.94
	5.59
	702.67


DTFF-Number of days to 1st flowering, DTFFS-Number of days to 1st fruit set, DTFFH-Number of days to 1st fruit harvest, NOL-Number of locules per fruit, PH-Plant height, NOFPC-Number of fruits per cluster, PT- Pericarp thickness, FL- Fruit length, FD- Fruit diameter, SYPF-Seed yield per fruit, 100SW-100-seed weight, AFW-Average fruit weight, DOF/H-Duration of fruiting/harvest, NOP- Number of pickings, NOPBPP-Number of primary branches per plant, NOFPP-Number of fruits per plant, FYPP-Fruit yield per plant, SYPP- Seed yield per plant, FYPH- Fruit yield per hectare.)
Table 5:
Percent contribution of individual traits towards total genetic divergence

	Source
	Times ranked 1st
	% contribution towards total divergence

	DTFF
	21
	1.27

	DTFFS
	31
	1.88

	DTFFH
	7
	0.42

	PH(cm)
	13
	0.79

	PT(mm)
	59
	3.57

	FL(cm)
	478
	28.92

	FD(cm)
	510
	30.85

	100SW(g)
	4
	0.24

	AFW(g)
	526
	31.82

	DOF/H
	2
	0.12

	NOFPP
	1
	0.06


DTFF-Number of days to 1st flowering, 
DTFFS-Number of days to 1st fruit set, 
DTFFH-Number of days to 1st fruit harvest, 
PH-Plant height, 
PT- Pericarp thickness, 
FL- Fruit length, 
FD- Fruit diameter, 
100SW-100-seed weight, 
AFW-Average fruit weight, 
DOF/H-Duration of fruiting/harvest, 
NOFPP-Number of fruits per plant.
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