



Heterosis study in tomato (Solanum lycopersicum L.) hybrids for various attributes of quality and yield
Abstract
The experiment in which ten tomato lines with three testers were crossed in line × tester to produce thirty F1 hybrids, heterobeltiosis and standard heterosis were analyzed for various attributes of quality and yield. The analysis of variance indicated significant differences for all characters evaluated, suggesting that there is variation among the characters studied. The Parental lines viz., EC 177516, S-12 and Pant T-5 were found most promising for exploiting heterosis. Among the thirty crosses, these three crosses combinations, EC 177516 × PKM-1, S-12 × PDT-3-1 and Pant T-5 × Bhilai were found to be promising for various attributes of quality and yield. However, those hybrids performing super attributes were heterotic significantly for quality and yield attributes. 
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Introduction

The tomato genetic system offers several advantages for the utilization of heterosis in it. Tomato is an autogamous crop with a high potential for heterosis breeding. The relative ease of emasculation, high percentage of fruit setting, and favourable number of seeds per fruit of tomato additionally allow heterosis exploitation. Due to the various benefits of hybrids over pure line varieties in terms of marketable fruit output and other component qualities, economic utilization of heterosis as well as hybrid vigour for tomato has grown in importance. Heterosis refers to an F1 hybrid's superior performance based on development, growth, yield, and environmental adaptation compared to its inbred parents. Hedrick and Booth (1907) were the first to notice heterosis in tomato for fruit yield plant-1. Many additional researchers have since established heterosis for productivity and its other components. The demand for tomatoes is raising daily. However, due to a lack of high yielding varieties, the output is limited.
Hence, there is a need of high yielding hybrids. Private company’s hybrid seeds are quite expensive which are out of range from the budget of small and marginal farmers. There is scope to develop some public sector hybrids in affordable price by exploiting heterosis. The wide spread use of hybrids has substantially expedited production due to their multiple advantages. These hybrids show better fitness and breeding value compared to the parents from which they are made. The current study was undertaken to ascertain the nature and extent of heterosis for yield and its related attributes in tomato.

Materials and Methods
The research was conducted at the Vegetable Research Farm, Department of Horticulture, Dr. Rajendra Prasad Central Agricultural University, Samastipur, during rabi seasons of 2020-21 and 2021-22. The site of location is situated at the northern part of the city of Samastipur at 85.670 East longitude and 25.980 North latitude as well as an altitude of 51.7 m above the mean sea level. The research included ten lines (EC 177516, EC 177371, EC 177343, Pant T-3, Pant T-5, NDT-4, NF 375-B-8, Kashi Vishesh, Kashi Hemant and S-12) and three testers (Bhilai, PKM-1, PDT-1). Including Kashi Vishesh used as check based on their performance and genetic divergence from the previous year screened tomato genotypes and received from ICAR-IIVR, Varanasi through Material Transfer Agreement. Thirty cross combinations were obtained, through Line × Tester mating design (Kempthorne 1957) to obtain. Thirty these hybrids along with parents including the standard checks were evaluated in the experiment and laid out in Randomized Block Design involving three replications. 

F1s were evaluated along with their parents and standard check to study estimates of heterobeltiosis and standard heterosis for quality and yield related attributes viz., plant height (cm), number of primary branches plant-1, number of days to first flower initiation, number of flower cluster-1, number of fruits cluster-1, number of clusters plant-1, number of days to first picking, polar diameter of fruit (cm), equatorial diameter of fruit (cm), average fruit weight (g), fruit yield plant-1 (kg), TSS content of the fruit (°brix), acidity of the fruits (%).
Results and Discussion
Analysis of variance indicated significant differences among the lines, testers, and Line × tester for all quality and yield attributes under study. Percent heterosis for each attribute, heterobeltiosis, and standard heterosis are presented in Tables 1 to 3 

Plant Height 

More plant height is considered desirable because it leads to a greater number of branches and ultimately results in increased productivity (Yadav 2013). According to the analysis, six of the thirty crosses showed substantial positive heterobeltiosis for plant height which is seen favourable taller plants. The cross S-12 × PDT-3-1(44.15%), NF 375-B-8 × PDT-3-1(38.09%), and EC 177343 × PDT-3-1(24.80) had the highest positive heterosis better parent and were consequently regarded as superior hybrids for plant height whereas nineteen crosses exhibited highly positively significant estimate of standard heterosis. The best crosses were EC 177371 × Bhilai (70.59%), EC 177343 × PDT-3-1(65.88%), and EC 177343 × Bhilai (62.43%). Positive heterosis for this trait has also been reported by Singh and Asati (2011), Kumari and Sharma (2011), Chattopadhyay et al. (2012), Islam et al. (2012), Negi et al. (2012), Solieman et al. (2013), Ebenezer and Babu (2014), Enang et al. (2015), Marbhal et al. (2016), Kumar et al. (2016), Triveni et al. (2017) and Gautam et al. (2018).
Number of primary branches

The greater the number of primary branches, the greater the plant expanding, which is directly related to an increase in yield plant-1. The cross Pant T-3 x Bhilai (34.09%), NDT-4 x Bhilai (33.61%), and Pant T-3 x PDT-3-1(32.88%) combinations were indicated maximum significant better parent heterosis as well as out of thirty crosses, five crosses exhibited positive significant standard heterosis for attribute, higher significant standard heterosis in EC 177343 × PKM-1(41.23%), S-12 × PDT-3-1(38.26%) and EC 177371 × PDT-3-1(27.92%) for this trait indicating desirable number of primary branches plant-1. Significant positive heterosis for the number of primary branches plant-1 has been reported by Droka et al. (2013), Shalaby (2013), Amin et al. (2017), and Hamisu et al. (2018).
Number of days to first flower initiation
For the development of early fruiting genotypes, negative heterosis for days to first flower initiation is desirable. Early flowering leads to earliness and early supply of produce in the market and enables it to fetch a remunerative price. Thus, heterosis for days to first flowering has been estimated in terms of earliness. Highly significant and negative heterosis over the better parent in case of number of days to first flower initiation was recorded for cross Pant T-3 × PKM-1 (-34.67%), Pant T-3 × Bhilai (-32.56) and Pant T-5 × PKM-1(-23.81%) cross combinations exhibited higher significantly positive standard heterosis. Early flowering in hybrids has also been reported by Islam et al. (2012), Shalaby (2013), Shankar et al. (2014), Tasisa et al. (2017), Kumar et al. (2017) and Gautam et al. (2018).
Number of flower clusters
The number of flowers cluster-1 has a direct effect on total fruit production plant-1; hence this attribute has significance for fruit yield. Hybrids Kashi Hemant × Bhilai (52.13%), EC 177343 × PDT-3-1 (39.06%), and EC 177516 × Bhilai (36.67%) were found to exhibit significant positive heterobeltiosis while standard heterosis displayed highly significant estimates for sixteen crosses, higher in Kashi Hemant × Bhilai (58.91%), EC 177516 × Bhilai (47.03%) and EC 177516 × PDT-3-1 (38.83%) crosses show positive significant economic heterosis. Positive heterosis over a better parent for this trait has also been reported by Gul et al. (2011), Droka et al. (2013), Patwary et al. (2013), Enang et al. (2015) and Hamisu et al. (2018).
Number of fruits cluster
The number of fruits cluster-1 indicates the percentage of fruit set. Single cross NDT-4 × PDT-3-1 (23.53%), whereas sixteen crosses showed highly positively significant regarding number of fruits cluster-1, NDT-4 × Bhilai (66.57%), NDT-4 × PDT-3-1(59.30%) and EC 177371 × PKM-1(47.56%) crosses indicating highly positive significant standard heterosis for this attribute. Positive heterosis for this trait has also been reported by Gul et al. (2011), Droka et al. (2013), Patwary et al. (2013), Sharma and Sharma (2013), Kumar et al. (2016), Tasisa et al. (2017), Veena et al. (2017) and Raj et al. (2018).
Number of clusters 
Number of clusters plant-1 has directly related to total fruit yield. Therefore, more clusters significate for per plant yield. The crosses Pant T-3 × PKM-1 (31.54%), EC 177371 × PKM-1 (31.09%), and EC 177343 × Bhilai (17.13%) while none of the cross combinations expressed positive significant standard heterosis for this attribute. Significant positive heterosis with better parent for this trait was reported by Yadav et al. (2013), Chauhan et al. (2014), Amin et al. (2017), Tamta et al. (2017), Gowda et al. (2019) and Salim et al. (2019) for number of clusters plant-1 in tomato which suggested scope for yield improvement.
Number of days to first picking
Earliness is required for realizing the potential economic yield, which is an important consideration for a tomato grower. Early flowering is not always a vital criterion for determining earliness, as some hybrids which exhibited early flowering could not show earliness at harvest. Therefore, the number of days to first picking are equally important in determining the earliness of the hybrids. In case of days to first harvest, the negative heterosis was desirable. Pant T-3 × Bhilai (-10.77%), Pant T-3 × PKM-1 (-8.95%), and Kashi Vishesh × Bhilai (-7.52%) crosses were reported significant to early picking whereas standard heterosis, twenty crosses exhibited significant desired negative estimate like that Pant T-3 × PKM-1(-27.66%), Pant T-3 × Bhilai (-25.24%) and Pant T-5 × PKM-1 (-19.93%) hybrids significant reported for this attribute. Significant standard heterosis was reported for this character by Chatopadhyaya et al. (2012), Mali & Patel (2014), and Gowda et al. (2019).
Polar diameter of fruit 

Hybrids, namely S-12 × PDT-3-1 (14.52%), Kashi Vishesh × PDT-3-1 (14.02%), and EC 177516 × PDT-3-1 (13.39%) were reported significant heterobeltiosis and Kashi Vishesh × PDT-3-1(14.02%), Kashi Hemant × PKM-1 (13.31%) crosses positive significant economic heterosis for polar diameter of fruit. Similar findings were reported by Singh et al. (2007), Chatopadhyaya et al. (2012), and Amin et al. (2017).
Equatorial diameter of fruit 
Cross S-12 × PDT-3-1 (23.62%) showed positive significant better parent heterosis while none of the cross significant reported for standard heterosis. This kind of results have also been reported by Singh et al. (2007), Chatopadhyaya et al. (2012), and Amin et al. (2017).
Average fruit weight 

It directly affects the total fruit yield, so this character is essential as fruit yield is concerned. High average fruit weight is of prime importance in breeding high yielding cultivars. Pant T-5 × PDT-3-1 (24.65%) and Pant T-5 × Bhilai (18%) were reported positively significant heterobeltiosis for this trait. The studies corroborate with the findings of Marbhal et al. (2016), Biswas et al. (2016), Kumar et al. (2016), Amin et al. (2017), Veena et al. (2017), Gautam et al. (2018) and Raj et al. (2018).
TSS content of the fruit 

A proper amount of TSS is important in tomato both for fresh table use as well as processing purposes. For total soluble solids, the relative heterosis measured over the better parental value was significantly positive and maximum in crosses S-12 × PDT-3-1 (9.60%), EC 177343 × PDT-3-1(5.45%) and EC 177343 × PKM-1 (5.23%) whereas twenty-eight crosses showed significant heterosis in positive direction considering the standard heterosis, highest significant positive heterosis were exhibited in cross S-12 × PDT-3-1(103.59%), NF 375-B-8 × Bhilai (98.16%) and EC 177343 × PDT-3-1(95.39%). This confirms with the findings of Agarwal et al. (2014), Kumar et al. (2017), Amin et al. (2017), Veena et al. (2017), Raj et al. (2018).
Acidity of the fruit 
Processing and cooking quality of fruit correlated with this attribute. Acid content cross combinations Pant T-3 × PKM-1 (29.10%), EC 177343 × PKM-1 (17.91%), and NDT-4 × PKM-1 (16.42%) exhibited higher percent of significant positive heterosis with better parent well as over better parent Pant T-3 × PKM-1(11.61%). These findings were also like the investigation done by Soleiman et al. (2013), Yadav et al. (2013) and Amin et al. (2017) in tomato.
Fruit yield 
The objective of any breeding programme is to achieve maximization of yield, which is considered as the key factor that helps in deciding whether to adopt or reject a variety or hybrid by a farmer. For fruit yield plant-1, maximum significant heterobeltiosis for higher fruit yield plant-1 were observed in the crosses Pant T-3 × Bhilai (71.08%), Pant T-5 × Bhilai (56.79%) and NF 375-B-8 × PKM-1 (52.26%) whereas thirty crosses expressed positive significant economic heterosis for fruit yield plant-1, Pant T-5 × Bhilai (37.61%), Kashi Vishesh × PDT-3-1 (37.00%) and EC 177343 × PDT-3-1 (34.25%) cross combination indicated higher positive significant standard heterosis. Similar results in case of tomato have also reported by Bhatt et al. (2001), Ahmed et al. (2011), Agarwal et al. (2014), Chauhan et al. (2014), Dagade et al. (2015), Tamta (2017), Triveni et al. (2017), Raj et al. (2018), Ramana et al. (2018) and Salim et al. (2019) for improved fruit yield.
Conclusion

The overall results of heterobeltiosis and conventional heterosis suggested that the crossing parents should have one high per se performing parent. The primary reason attributed is diverse parents participating in cross combinations or unusual genes for an attribute, which is the cause to utilize the greatest accessible degree of heterosis in tomato. EC 177516 × PKM-1, S-12 × PDT-3-1 and Pant T-5 × Bhilai Superior hybrids may be considered for hybrid vigour utilization and commercialization. 

	S. N.
	Hybrids
	Plant height (cm)
	No. of primary branches plant-1
	No. of days to first flower initiation
	No. of flowers cluster-1
	No. of fruits cluster-1

	
	
	BP
	SH
	BP
	SH
	BP
	SH
	BP
	SH
	BP
	SH

	1
	EC 177516 X Bhilai
	6.11
	52.29 **
	23.42 **
	15.49
	4.19
	-7.08
	36.67 **
	47.03 **
	-23.81 **
	25.77 **

	2
	EC 177516 X PDT-3-1
	0.28
	43.92 **
	12.50
	5.27
	-5.30
	-15.54 *
	30.79 **
	38.83 **
	1.31
	30.65 **

	3
	EC 177516 X PKM-1
	-4.36
	37.25 **
	-15.72 *
	-10.54
	-8.00
	-17.95 **
	20.45 **
	33.04 **
	-5.62
	35.42 **

	4
	EC 177371 X Bhilai
	11.77 *
	70.59 **
	2.74
	26.65 **
	-0.56
	2.55
	26.23 **
	20.80 *
	-34.30 **
	8.46

	5
	EC 177371 X PDT-3-1
	-22.56 **
	18.19 *
	3.78
	27.92 **
	-2.83
	0.22
	20.87 *
	13.93
	-13.50 *
	11.54

	6
	EC 177371 X PKM-1
	-6.61
	42.54 **
	-19.35 **
	-0.58
	-4.77
	-1.79
	25.94 **
	24.13 **
	2.84
	47.56 **

	7
	EC 177343 X Bhilai
	22.20 **
	62.43 **
	-24.51 **
	-10.05
	-0.57
	-2.58
	20.91 **
	14.65
	-15.55 **
	39.40 **

	8
	EC 177343 X PDT-3-1
	24.80 **
	65.88 **
	-23.82 **
	-9.23
	3.59
	1.49
	39.06 **
	29.87 **
	-21.14 **
	1.69

	9
	EC 177343 X PKM-1
	5.40
	40.09 **
	18.53 **
	41.23 **
	-1.31
	-3.31
	27.74 **
	24.80 **
	-15.74 **
	20.90 *

	10
	Pant T-3 X Bhilai
	-4.91
	20.82 **
	34.09 **
	13.88
	-15.55
	-32.56 **
	33.45 **
	35.60 **
	-53.59 **
	-23.38 **

	11
	Pant T-3 X PDT-3-1
	-0.77
	2.14
	32.88 **
	12.85
	-3.35
	-19.05 **
	26.62 **
	26.84 **
	-26.70 **
	-5.47

	12
	Pant T-3 X PKM-1
	-13.97 *
	-2.43
	-7.84
	-2.18
	-18.25 *
	-34.67 **
	14.39 *
	19.52 *
	-22.05 **
	11.84

	13
	Pant T-5 X Bhilai
	4.50
	32.78 **
	3.96
	-9.10
	-4.17
	-19.11 **
	0.76
	1.38
	-44.36 **
	-8.16

	14
	Pant T-5 X PDT-3-1
	-2.49
	8.49
	0.38
	-12.23
	-0.20
	-15.75 *
	-1.96
	-2.77
	-2.39
	25.87 **

	15
	Pant T-5 X PKM1
	-3.29
	9.68
	-9.82
	-4.28
	-9.74
	-23.81 **
	-1.83
	1.59
	-13.80 *
	23.68 **

	16
	NDT-4 X Bhilai
	-26.12 **
	-6.13
	33.61 **
	18.86 *
	-2.33
	10.62
	35.02 **
	32.33 **
	0.90
	66.57 **

	17
	NDT-4 X PDT-3-1
	-11.88
	-9.29
	18.06 *
	5.02
	-9.34
	2.69
	26.42 **
	22.08 *
	23.53 **
	59.30 **

	18
	NDT-4 X PKM-1
	-18.41 **
	-7.47
	-3.61
	2.31
	-1.64
	11.41
	22.24 **
	23.31 **
	-7.77
	32.34 **

	19
	NF 375-B-8 X Bhilai
	5.39
	33.91 **
	-10.52
	-17.34 *
	-1.02
	-18.08 **
	-0.21
	7.22
	-44.73 **
	-8.76

	20
	NF 375-B-8 X PDT-3-1
	38.09 **
	43.72 **
	-26.26 **
	-31.88 **
	3.43
	-13.37
	10.07
	16.70
	-2.93
	25.17 **

	21
	NF 375-B-8 X PKM-1
	8.12
	22.62 **
	-29.14 **
	-24.79 **
	14.13
	-5.53
	-3.92
	5.99
	-25.73 **
	6.57

	22
	Kashi Vishesh X Bhilai
	-15.27 *
	7.66
	-6.26
	-6.26
	-2.23
	-2.23
	5.91
	5.58
	-31.28 **
	13.43

	23
	Kashi Vishesh X PDT-3-1
	-4.03
	-1.22
	-8.94
	-8.94
	-1.59
	-1.59
	-3.18
	-4.87
	-8.26
	18.31 *

	24
	Kashi Vishesh X PKM-1
	-15.22 *
	-3.85
	-19.44 *
	-14.50
	5.18
	5.18
	-16.48 *
	-14.34
	-36.20 **
	-8.46

	25
	Kashi Hemant X Bhilai
	4.08
	50.07 **
	-3.62
	6.51
	1.94
	-0.74
	52.13 **
	58.91 **
	-34.78 **
	7.66

	26
	Kashi Hemant X PDT-3-1
	11.53 *
	60.81 **
	-12.04
	-2.80
	10.83
	7.92
	17.30 *
	20.85 *
	-2.85
	25.27 **

	27
	Kashi Hemant X PKM-1
	0.20
	44.48 **
	-5.96
	3.91
	1.39
	-1.27
	-5.11
	1.84
	-16.09 **
	20.40 *

	28
	S-12 X Bhilai
	-3.36
	22.80 **
	-12.31
	8.28
	-4.89
	-11.23
	13.00
	17.32 *
	-37.07 **
	3.88

	29
	S-12 X PDT-3-1
	44.55 **
	48.79 **
	11.97
	38.26 **
	-9.12
	-15.19 *
	10.13
	12.76
	6.64
	37.51 **

	30
	S-12 X PKM-1
	-4.39
	8.43
	-8.14
	13.43
	5.31
	-1.71
	-9.53
	-3.48
	-49.58 **
	-27.66 **

	
	SE
	6.29
	
	0.636
	
	2.732
	
	0.567
	
	0.281
	

	
	CD at 5%
	12.46
	
	1.260
	
	5.410
	
	1.122
	
	0.556
	

	
	CD at 1%
	16.55
	
	1.674
	
	7.186
	
	1.490
	
	0.739
	


Table 1: Heterobeltiosis & standard heterosis in percentage for thirteen attributes of Tomato
	S. N.
	Hybrids
	No. of clusters plant-1
	No. of days to first picking
	Polar diameter of fruit (cm)
	Equatorial diameter of fruit (cm)
	Average fruit weight (g)

	
	
	BP
	SH
	BP
	SH
	BP
	SH
	BP
	SH
	BP
	SH

	1
	EC 177516 X Bhilai
	6.25
	-6.07
	-0.02
	-11.35 **
	-13.51 *
	-27.13 **
	-15.13 *
	-33.75 **
	-6.15
	-30.28 **

	2
	EC177516 X PDT-3-1
	5.40
	-2.78
	-6.19
	-16.82 **
	13.39 *
	-7.93
	7.02
	-19.92 **
	7.90
	-21.71 **

	3
	EC 177516 X PKM-1
	-7.48
	-18.21 **
	-6.71 *
	-17.28 **
	-11.76
	-28.35 **
	-6.48
	-24.17 **
	-4.08
	-27.78 **

	4
	EC 177371 X Bhilai
	9.87
	-7.19
	-2.92
	-4.62
	-29.03 **
	-31.91 **
	-36.36 **
	-40.00 **
	-17.24 **
	-24.76 **

	5
	EC 177371 X PDT-3-1
	16.62 *
	7.57
	-4.94
	-6.60 *
	-18.86 **
	-22.15 **
	-26.37 **
	-30.58 **
	-9.38
	-17.61 **

	6
	EC 177371 X PKM-1
	10.75
	-13.48 *
	-3.66
	-5.34
	-12.08 *
	-15.65 **
	-14.25 **
	-19.15 **
	-0.60
	-9.63

	7
	EC 177343 X Bhilai
	17.13 *
	-1.05
	-4.56
	-9.68 **
	-14.51 **
	-23.37 **
	-17.44 **
	-31.66 **
	-11.57
	-21.75 **

	8
	EC 177343 X PDT-3-1
	1.28
	-6.58
	-5.14
	-10.22 **
	-26.30 **
	-33.94 **
	-19.22 **
	-33.13 **
	-22.42 **
	-31.35 **

	9
	EC 177343 X PKM-1
	31.09 **
	6.52
	-5.34
	-10.41 **
	-23.58 **
	-31.50 **
	-20.90 **
	-34.52 **
	-20.31 **
	-29.48 **

	10
	Pant T-3 X Bhilai
	14.10
	-3.61
	-10.77 **
	-25.24 **
	-22.79 **
	-28.05 **
	-25.77 **
	-29.03 **
	-1.45
	-17.53 **

	11
	Pant T-3 X PDT-3-1
	-14.65 *
	-21.27 **
	8.03 *
	-13.65 **
	3.27
	-3.76
	-5.09
	-9.27
	2.79
	-13.98 *

	12
	Pant T-3 X PKM-1
	31.54 **
	-3.42
	-8.95 *
	-27.66 **
	-34.46 **
	-38.92 **
	-34.81 **
	-37.68 **
	-31.68 **
	-42.83 **

	13
	Pant T-5 X Bhilai
	-16.46 **
	-14.76 *
	-2.92
	-18.67 **
	-9.89
	-24.09 **
	-8.21
	-28.34 **
	18.00 *
	-12.33 *

	14
	Pant T-5 X PDT-3-1
	-5.57
	-3.64
	7.24 *
	-13.07 **
	8.22
	-22.36 **
	9.77
	-29.73 **
	24.65 **
	-17.94 **

	15
	Pant T-5 X PKM1
	-16.65 **
	-14.95 *
	-1.22
	-19.93 **
	-14.31 *
	-38.52 **
	-20.86 **
	-35.83 **
	-1.13
	-25.56 **

	16
	NDT-4 X Bhilai
	-8.96
	-23.09 **
	2.49
	4.41
	-0.77
	-8.23
	-2.73
	-17.45 **
	12.03
	-16.77 **

	17
	NDT-4 X PDT-3-1
	-8.07
	-15.20 *
	-2.96
	-1.14
	-12.75 *
	-19.31 **
	-12.28 *
	-25.56 **
	2.80
	-26.15 **

	18
	NDT-4 X PKM-1
	-31.20 **
	-43.72 **
	-1.11
	0.75
	-9.23
	-16.06 **
	-8.55
	-22.39 **
	7.32
	-19.20 **

	19
	NF 375-B-8 X Bhilai
	15.54 *
	-2.40
	5.08
	-11.74 **
	-7.91
	-12.40 *
	-3.07
	-19.54 **
	10.03
	-11.34 *

	20
	NF 375-B-8 X PDT-3-1
	-10.18
	-17.15 **
	6.08
	-10.90 **
	-20.41 **
	-24.29 **
	-15.81 *
	-30.12 **
	-12.16
	-29.22 **

	21
	NF 375-B-8 X PKM-1
	15.16
	-13.61 *
	7.89 *
	-9.38 **
	-24.36 **
	-28.05 **
	-1.77
	-18.46 **
	2.38
	-17.50 **

	22
	Kashi Vishesh X Bhilai
	1.95
	1.95
	-7.52 **
	-7.52 **
	3.15
	3.15
	-4.25
	-4.25
	-8.92
	-8.92

	23
	Kashi Vishesh X PDT-3-1
	8.11
	8.11
	-6.11 *
	-6.11 *
	14.02 **
	14.02 **
	1.93
	1.93
	2.66
	2.66

	24
	Kashi Vishesh X PKM-1
	-9.29
	-9.29
	-0.80
	-0.80
	5.18
	5.18
	-0.15
	-0.15
	-3.55
	-3.55

	25
	Kashi Hemant X Bhilai
	-6.63
	4.85
	-0.26
	-1.53
	-1.18
	2.34
	0.55
	-1.93
	1.46
	-2.32

	26
	Kashi Hemant X PDT-3-1
	-33.82 **
	-25.68 **
	3.28
	1.96
	0.20
	3.76
	2.69
	0.15
	7.22
	3.22

	27
	Kashi Hemant X PKM-1
	-32.76 **
	-24.50 **
	-0.59
	-1.85
	9.42 *
	13.31 **
	2.22
	-0.31
	-6.00
	-9.51

	28
	S-12 X Bhilai
	-13.38
	-26.83 **
	11.23 **
	-2.11
	-26.42 **
	-38.01 **
	-26.81 **
	-42.86 **
	-18.67 *
	-39.58 **

	29
	S-12 X PDT-3-1
	-28.95 **
	-34.46 **
	3.63
	-8.79 **
	14.52 *
	-22.26 **
	23.62 *
	-34.52 **
	1.81
	-44.25 **

	30
	S-12 X PKM-1
	-0.12
	-23.35 **
	4.70
	-7.85 **
	-10.79
	-36.99 **
	-23.52 **
	-37.99 **
	-17.33 *
	-37.75 **

	
	SE
	0.640
	
	3.382
	
	0.161
	
	0.217
	
	2.825
	

	
	CD at 5%
	1.267
	
	6.695
	
	0.319
	
	0.429
	
	5.593
	

	
	CD at 1%
	1.683
	
	8.893
	
	0.423
	
	0.569
	
	7.429
	


Table 2. Heterobeltiosis & standard heterosis in percentage for thirteen attributes of Tomato

Table 3 Heterobeltiosis & standard heterosis in percentage for thirteen attributes of Tomato

	S. N.
	Hybrids
	TSS content of the fruit °Brix
	Acidity of the fruit (%)
	Fruit yield plant-1 (kg)

	
	
	BP
	SH
	BP
	SH
	BP
	SH

	1
	EC 177516 X Bhilai
	-13.50 **
	68.03 **
	-9.62 **
	-9.03 **
	34.01 **
	21.71 **

	2
	EC177516 X PDT-3-1
	-42.58 **
	6.66
	-11.02 **
	-27.10 **
	37.04 **
	24.46 **

	3
	EC 177516 X PKM-1
	-12.95 **
	56.97 **
	8.21 *
	-6.45 *
	34.01 **
	21.71 **

	4
	EC 177371 X Bhilai
	-1.64
	91.09 **
	1.92
	2.58
	33.80 **
	17.43 **

	5
	EC 177371 X PDT-3-1
	-20.30 **
	48.05 **
	-32.69 **
	-32.26 **
	51.15 **
	20.18 **

	6
	EC 177371 X PKM-1
	-25.91 **
	33.61 **
	-7.05 *
	-6.45 *
	49.28 **
	26.91 **

	7
	EC 177343 X Bhilai
	-15.14 **
	64.86 **
	-17.95 **
	-17.42 **
	37.93 **
	22.32 **

	8
	EC 177343 X PDT-3-1
	5.18 *
	95.39 **
	-22.14 **
	-34.19 **
	51.38 **
	34.25 **

	9
	EC 177343 X PKM-1
	4.55 *
	88.52 **
	17.91 **
	1.94
	36.55 **
	21.10 **

	10
	Pant T-3 X Bhilai
	-38.34 **
	19.77 **
	-9.62 **
	-9.03 **
	52.26 **
	33.64 **

	11
	Pant T-3 X PDT-3-1
	-29.73 **
	30.53 **
	-16.28 **
	-30.32 **
	71.08 **
	30.28 **

	12
	Pant T-3 X PKM-1
	-20.74 **
	42.93 **
	29.10 **
	11.61 **
	37.41 **
	16.82 **

	13
	Pant T-5 X Bhilai
	-31.80 **
	32.48 **
	-14.74 **
	-14.19 **
	56.79 **
	37.61 **

	14
	Pant T-5 X PDT-3-1
	-17.82 **
	52.66 **
	-3.73
	-16.77 **
	44.01 **
	25.08 **

	15
	Pant T-5 X PKM1
	5.45 *
	90.16 **
	3.73
	-10.32 **
	36.62 **
	18.65 **

	16
	NDT-4 X Bhilai
	-30.54 **
	34.94 **
	-5.77
	-5.16
	39.74 **
	31.19 **

	17
	NDT-4 X PDT-3-1
	-26.75 **
	36.07 **
	-23.44 **
	-36.77 **
	31.60 **
	23.55 **

	18
	NDT-4 X PKM-1
	5.23 *
	89.75 **
	16.42 **
	0.65
	35.18 **
	26.91 **

	19
	NF 375-B-8 X Bhilai
	2.00
	98.16 **
	-28.21 **
	-27.74 **
	48.08 **
	29.97 **

	20
	NF 375-B-8 X PDT-3-1
	-9.27 **
	68.55 **
	4.51
	-10.32 **
	34.04 **
	15.60 **

	21
	NF 375-B-8 X PKM-1
	-3.52
	73.98 **
	-20.90 **
	-31.61 **
	51.42 **
	30.58 **

	22
	Kashi Vishesh X Bhilai
	-48.63 **
	-0.20
	-15.38 **
	-14.84 **
	31.80 **
	31.80 **

	23
	Kashi Vishesh X PDT-3-1
	-29.45 **
	31.05 **
	-16.13 **
	-16.13 **
	37.00 **
	37.00 **

	24
	Kashi Vishesh X PKM-1
	-25.57 **
	34.22 **
	-28.39 **
	-28.39 **
	25.08 **
	25.08 **

	25
	Kashi Hemant X Bhilai
	-25.16 **
	45.39 **
	-5.03
	-2.58
	37.42 **
	33.64 **

	26
	Kashi Hemant X PDT-3-1
	-28.13 **
	33.50 **
	-6.92 *
	-4.52
	37.74 **
	33.94 **

	27
	Kashi Hemant X PKM-1
	-28.86 **
	28.28 **
	-10.69 **
	-8.39 **
	31.45 **
	27.83 **

	28
	S-12 X Bhilai
	-3.16
	88.11 **
	-37.18 **
	-36.77 **
	33.80 **
	17.43 **

	29
	S-12 X PDT-3-1
	9.60 **
	103.59 **
	-10.34 *
	-32.90 **
	25.26 **
	9.17 *

	30
	S-12 X PKM-1
	-4.03
	73.05 **
	-2.99
	-16.13 **
	28.07 **
	11.62 *

	
	SE
	0.124
	
	0.016
	
	0.050
	

	
	CD at 5%
	0.246
	
	0.031
	
	0.098
	

	
	CD at 1%
	0.327
	
	0.041
	
	0.131
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