Studies on Heterosis for quantitative characters in sesame (Sesamum indicum L.)


ABSTRACT
An experiment was conducted in sesame (Sesamum indicum L.) at Students’ farm, School of Agriculture, Loyola Academy during Dec 2021-September 2022 to assess the extent of heterosis for nine quantitative characters. Eight lines and four testers were crossed in line x tester fashion to develop 32 hybrids. Analysis of variance revealed significant differences among the 32 hybrids for all the characters. The performance of thirty two hybrids over the mid parental value (average heterosis), better parental value (heterobeltiosis) and standard check variety RT-125 (standard heterosis) for various traits was tested. Based on standard heterosis, the hybrids DORG 37-11 x RT-125, IC 500393 x RT-125, CT-50 x Phule Til-1 and CT-50 x JLT-408 were adjudged as the best hybrids.
Key words: line x tester, average heterosis, heterobeltiosis, standard heterosis.
INTRODUCTION
                        Sesame is an important oilseed crop of the Tropics and the sub-tropics. Sesame is called as the ‘Queen of oilseeds’ due to the excellent quality of its oil, seed and meal. The oil is highly stable due to the presence of anti-oxidants like sesamol and sesaminol which prevent oxidative rancidity. The seed is a rich source of protein (25%) and is used in culinary preparations. The meal is nutritionally rich and is fed to cattle. 
                          Based on a comparison of 69 countries in 2022, Sudan ranked the highest in sesame seed production with 1,231,701 tonnes followed by India and Myanmar (FAOSTAT 2022). India's sesame productivity is low (445 kg/ha) in comparison with other sesame producing nations like China (705 kg/ha), Japan (700 kg/ha), Korea (635 kg/ha) and Thailand (575 kg/ha).
      The problems associated with low productivity can be attributed to cultivation on marginal lands, high biotic stress, capsule shattering, indeterminate growth habit and lack of improved cultivars. Development of high yielding appropriate plant type capable of maintaining high performance in yield, oil and protein profile is the need of the hour. There is ample scope for improvement in yield through heterosis breeding.
                         Exploitation of hybrid vigour is an important tool for improving yield and its attributing traits in sesame. The magnitude of heterosis for seed yield and its components provides a basis for determining superior F1 hybrids to exploit hybrid vigour and for building gene pools to be employed in breeding programme. In recent years, efforts are under way to develop hybrids in sesame using different hybrid technologies as (a) manual emasculation and pollination; (b) use of chemical hybridizing agents; (c) development of genetic male sterile line and (d) development of the cytoplasmic genetic male sterile lines (Ranganatha, et al., 2012). Based on the above preferences, the present investigation was undertaken to study the genetics of seed yield and its component characters in sesame.
MATERIALS AND METHODS
                     Eight lines (EVC-122, CT-50, IC 500393, IC 129908, DORG 37-11, EC 346829, EC 301961 and CT-51) and four testers (JLT-408, Phule Til-1, Swetha and RT-125) were raised during December 2021 to March 2022. The recommended package of practices was followed to raise a successful crop. The eight lines were crossed with each of the four testers in Line x tester mating design following Kempthorne (1957) and a total of 32 cross combinations were obtained following hand emasculation and pollination. 
                            The resulting 32 hybrids along with the parental genotypes were raised during June-September 2022 in a randomized complete block design with three replications. Observations were recorded on five randomly selected plants for nine characters viz., days to 50 per cent flowering, plant height, number of branches per plant, number of capsules per plant, capsule length, number of seeds per capsule, 1000 seed weight and oil content.
RESULTS
                    Variances due to genotypes were significant for all characters indicating that the genotypes selected for the present study were genetically divergent. Highly significant interaction between crosses and parents indicates that heterosis could be exploited for most of the traits in sesamum. The values of heterosis, heterobeltiosis and standard heterosis for various traits are as follows.
 Days to 50 per cent flowering
	Nine hybrids recorded significant and negative values for average heterosis. The hybrid EC 346829 x RT-125(-10.08 per cent) recorded the maximum significant negative value. Eleven hybrids recorded significant negative heterobeltiosis, the maximum being 
-13.11 per cent recorded by EC 346829 x JLT-408. Five hybrids recorded significant negative values for standard heterosis, the maximum recorded by the hybrids EVC-122 x Swetha and EC 346829 x JLT-408 (-8.62 per cent).
 Plant height	
Among the thirty two hybrids, fifteen hybrids recorded significant and positive average heterosis, the maximum recorded by the hybrid DORG 37-11 x RT-125 (25.59 per cent). Nine hybrids recorded significant and positive heterobeltiosis and the maximum value was recorded by the hybrid CT-51 x RT-125 (12.08 per cent). Nine hybrids registered significant positive standard heterosis and the maximum value was recorded by the hybrid 
IC 500393 x Swetha (20.19 per cent).
Number of branches per plant
	Out of the thirty two hybrids, positive and significant average heterosis was recorded by eight hybrids, the maximum value being 35.77 per cent recorded by the hybrid CT-50 x RT-125. Five hybrids recorded significant and positive heterosis and the maximum value was recorded by the hybrid CT-50 x Swetha (22.64 per cent).Three hybrids recorded significant positive standard heterosis, the maximum expressed by the hybrid DORG 37-11 x RT-125 (19.64 per cent).
Number of capsules per plant
	Out of the thirty two hybrids, six hybrids recorded significant and positive average heterosis, the maximum value expressed by the hybrid DORG 37-11 x RT-125 (38.68 per cent).  Six hybrids registered significant and positive heterobeltiosis. The maximum value was exhibited by the hybrid DORG 37-11 x RT-125 (26.12 per cent). Two hybrids recorded significant positive standard heterosis, the maximum being 26.12 per cent expressed by the hybrid DORG 37-11 x RT-125.
Capsule length
	Eight hybrids out of thirty two recorded significant and positive average heterosis, the maximum value expressed by the hybrid DORG 37-11 X RT-125 (27.33 per cent). Six hybrids recorded significant and positive heterobeltiosis. The maximum value was exhibited by the hybrid DORG 37-11 x RT-125 (17.88 per cent). Seven hybrids registered significant and positive standard heterosis, the maximum value being 17.88 per cent expressed by the hybrid DORG 37-11 x RT-125. 
Number of seeds per capsule
	Out of the thirty two hybrids, eleven hybrids recorded significant and positive average heterosis, the maximum value expressed by the hybrid CT-51 x Phule Til-1(18.93 per cent). Eight hybrids recorded significant and positive heterobeltiosis. The maximum value was exhibited by the hybrid CT-51 x Phule Til-1(16.29 per cent). Eight hybrids registered significant and positive standard heterosis, the maximum value being 12.19 per cent expressed by the hybrid CT-50 x Phule Til-1(12.19 per cent).
1000 seed weight
	 Two hybrids expressed significant and positive average heterosis, the maximum being 10.04 per cent expressed by the hybrid IC 500393 x Phule Til-1. Significant positive heterobeltiosis was registered by the hybrid IC 500393 x RT-125 (7.44 per cent). Two hybrids registered significant and positive standard heterosis, the maximum value being 11.14 per cent expressed by the hybrid IC 500393 x Phule Til-1.
Oil content
	Eleven hybrids out of thirty two expressed significant and positive average heterosis, the maximum value being 7.10 per cent recorded by the hybrid CT-50 x Phule Til-1. Nine hybrids registered significant positive heterobeltiosis, the maximum value exhibited by the hybrid CT-50 x Phule Til-1(6.61 per cent). Eighteen hybrids expressed significant and positive standard heterosis, the maximum value being 11.83 per cent expressed by the hybrid IC 500393 x JLT-408.
Seed yield per plant
	Fourteen hybrids exhibited significant and positive average heterosis. The maximum value was expressed by the hybrid CT-50 x RT-125 (32.42 per cent). Eleven hybrids expressed significant and positive heterobeltiosis, the maximum value being 29.24 per cent which was expressed by the hybrid IC 500393 x RT-125. Five hybrids exhibited significant and positive standard heterosis, the maximum being 11.76 per cent expressed by the hybrid IC 500393 x RT-125. .

DISCUSSION
                           Heterosis is a potential tool for exploitation of non-additive component of gene action. Heterosis is a phenomenon observed in F1 generation. Identification of promising heterotic lines for commercial cultivation is now made practical owing to the availability of male-sterile lines. In the present investigation, 32 cross combinations obtained by crossing eight lines and four testers were studied for heterosis.
            Out of the three types of heterosis i.e. Average heterosis, Heterobeltiosis and Standard heterosis, the view that heterotic expression over standard variety should be given due importance for exploitation of commercial hybrid was stressed upon by Yogameenakshi et al. (2023), Suganthi et al. (2016), Vavdiya et al.(2013), Amarnath et al. (2019) Disowja et al. (2021) and Mistry et al. (2023). Therefore, in the present investigation, hybrids were evaluated based on standard heterosis over the standard variety RT-125. Promising hybrids were selected based on the standard heterosis values.
      Significant heterosis over the standard variety was observed in the following crosses viz., DORG 37-11 x RT-125 for the characters viz., plant height, number of branches per plant, number of capsules per plant, capsule length, number of seeds per capsule, oil content and seed yield per plant, IC 500393 x RT-125 for the traits viz., plant height, number of branches per plant, number of capsules per plant, 1000 seed weight, oil content and seed yield per plant. The hybrid CT-50 x Phule Til-1 expressed standard heterosis for the traits viz., days to 50 per cent flowering, capsule length, number of seeds per capsule, oil content and seed yield per plant. The hybrid CT-50 x JLT-408 expressed standard heterosis for the traits viz., plant height, capsule length, number of seeds per capsule and seed yield per plant. Significant standard heterosis for seed yield and yield related traits was observed by Amarnath et al. (2019), Disowja et al. (2021) and Ravinder kumar et al. (2022).
On the whole, five hybrids recorded standard heterosis for seed yield per plant, eighteen hybrids for oil content, nine hybrids for plant height, eight for seeds per capsule, seven for capsule length, five for days to 50 per cent flowering, three for number of branches and two each for capsules per plant and 1000 seed weight.
The cross DORG 37-11 x RT-125 can be adjudged as the best cross combination with high standard heterosis for seven yield contributing characters including seed yield per plant. The cross DORG 37-11 x RT-125 was best for all the three types of heterosis (Average heterosis, heterobeltiosis and standard heterosis) for seven characters including seed yield per plant followed by the cross IC 500393 x RT-125 which scored best for all the three types of heterosis (Average heterosis, heterobeltiosis and standard heterosis) for six characters including seed yield per plant. The above crosses were followed by CT-50 x Phule Til-1 and CT-50 x JLT-408 which scored best for five and four characters respectively including seed yield per plant. These heterotic hybrids can also produce desirable transgressive segregants in advanced generations. Such hybrids can accelerate the production of varieties suitable to diverse climatic conditions.
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	DF
	Days to 50 per cent flowering
	Plant height 
	Number of branches per plant
	Number of capsules per plant
	Capsule length 
	Number of seeds per capsule
	1000 seed weight 
	Oil content 
	Seed yield per plant

	Replication
	2
	1.010
	2.256
	0.003
	24.428
	0.001
	5.341
	0.003
	0.038
	0.159

	Hybrid
	31
	12.029*
	768.611**
	3.641**
	664.316**
	0.330**
	82.138**
	0.204**
	9.973**
	9.644**

	Line 
	7
	20.213**
	1579.052**
	3.993**
	848.522**
	0.607*
	130.569**
	0.198**
	10.484**
	21.771**

	Tester 
	3
	16.594**
	158.668**
	11.222**
	2277.723**
	0.603**
	85.779**
	0.698**
	9.804**
	102.928**

	Line x Tester 
	21
	8.649**
	585.598**
	2.440**
	372.428**
	0.199**
	65.474
	0.135**
	9.827**
	5.418**

	Error
	62
	0.247
	4.686
	0.032
	17.221
	0.005
	2.464
	0.015
	0.076
	0.086

	Total
	95
	4.108
	253.916
	1.209
	228.530
	0.111
	28.524
	0.076
	3.305
	3.207


Table 1: Analysis of variance for nine quantitative traits


*significant at 5 per cent level
**significant at 1 per cent level










Table 2: Average Heterosis(AH), Heterobeltiosis(HB) and Standard Heterosis(SH) for days to 50 per cent flowering and plant height (per cent)
	S No.
	Hybrids
	days to 50 per cent flowering
	
	plant height

	
	
	AH (di)
	HB (dii)
	SH (diii)
	
	AH (di)
	HB (dii)
	SH (diii)

	1
	EVC-122 X JLT-408
	1.33
	0.88
	-1.72
	
	-3.87*
	-7.51**
	-13.17**

	2
	EVC-122 X Phule Til-1
	6.49**
	4.24**
	6.03**
	
	5.21**
	-0.60
	-3.04

	3
	EVC-122 X Swetha
	-9.40**
	-12.4**
	-8.62**
	
	-34.32**
	-41.1**
	-35.59**

	4
	EVC-122 X RT-125
	0.44
	-0.86
	-0.86
	
	-30.73**
	-35.31**
	-35.31**

	5
	CT-50 X JLT-408
	11.40**
	9.48**
	9.48**
	
	12.99**
	10.49**
	3.73*

	6
	CT-50 X Phule Til-1
	-4.27**
	-5.08**
	-3.45**
	
	-8.29**
	-11.97**
	-14.10**

	7
	CT-50 X Swetha
	3.80**
	1.65
	6.03**
	
	-37.32**
	-42.94**
	-37.61**

	8
	CT-50 X RT-125
	-1.72
	-1.72
	-1.72
	
	0.57
	-4.60**
	-4.60**

	9
	IC 500393 X JLT-408
	-0.43
	-4.13**
	0.00
	
	-13.73**
	-20.53**
	-11.43**

	10
	IC 500393 X Phule Til-1
	1.26
	0.00
	4.31
	
	-11.26**
	-16.8**
	-7.27**

	11
	IC 500393 X Swetha
	6.61**
	6.61**
	11.21**
	
	8.86**
	7.83**
	20.19**

	12
	IC 500393 X RT-125
	-1.27
	-3.31**
	0.86
	
	12.65**
	6.85**
	19.10**

	13
	 IC 129908 X JLT-408
	0.00
	-1.72
	-1.72
	
	-12.37**
	-16.72**
	-13.20**

	14
	IC 129908 X Phule Til-1
	0.00
	-0.85
	0.86
	
	-12.82**
	-15.61**
	-12.05**

	15
	IC 129908 X Swetha
	-2.95**
	-4.96**
	-0.86
	
	6.82**
	4.32**
	14.07**

	16
	IC 129908 X RT-125
	-0.86
	-0.86
	-0.86
	
	-8.67**
	-10.52**
	-6.74**

	17
	DORG 37-11 X JLT-408
	1.72
	-1.67
	1.72
	
	8.18**
	-3.54*
	-9.44**

	18
	DORG 37-11 X Phule Til-1
	1.68
	0.83
	4.31**
	
	9.24**
	-4.20*
	-6.55**

	19
	DORG 37-11 X Swetha
	0.41
	0.00
	4.31**
	
	25.59**
	5.03**
	14.84**

	20
	DORG 37-11 X RT-125
	2.54**
	0.83
	4.31**
	
	22.41**
	6.21**
	6.21**

	21
	EC 346829 X JLT-408
	-9.40**
	-13.11**
	-8.62**
	
	3.62*
	-8.60**
	-14.19**

	22
	EC 346829 X Phule Til-1
	-6.67**
	-8.2**
	-3.45**
	
	-12.6**
	-24.16**
	-26.02**

	23
	EC 346829 X Swetha
	-0.41
	-0.82
	4.31**
	
	-6.84**
	-22.86**
	-15.65**

	24
	EC 346829 X RT-125
	-10.08**
	-12.3**
	-7.76**
	
	0.87
	-13.39**
	-13.39**

	25
	EC 301961 X JLT-408
	-3.36**
	-8.73**
	-0.86
	
	-2.46
	-14.16**
	-19.41**

	26
	EC 301961 X Phule Til-1
	-4.92**
	-7.94**
	0.00
	
	8.37**
	-6.18**
	-8.48**

	27
	EC 301961 X Swetha
	2.83**
	0.79
	9.48**
	
	-5.83**
	-22.18**
	-14.91**

	28
	EC 301961 X RT-125
	-4.13**
	-7.94**
	0.00
	
	0.87
	-13.57**
	-13.57**

	29
	CT-51 X JLT-408
	5.17**
	1.67
	5.17**
	
	15.62**
	8.73**
	2.08

	30
	CT-51 X Phule Til-1
	2.52**
	1.67
	5.17**
	
	14.89**
	6.14**
	3.54*

	31
	CT-51 X Swetha
	7.05**
	6.61**
	11.21**
	
	10.09**
	-3.32*
	5.71**

	32
	CT-51 X RT-125
	2.54**
	0.83
	4.31**
	
	22.69**
	12.08**
	12.08**


Mean of Standard check (RT-125): 	38.67								Mean of Standard check (RT-125): 107.3
*significant at 5 per cent level                                                                                                                              **significant at 1 per cent level
Table 3: Average Heterosis (AH), Heterobeltiosis (HB) and Standard Heterosis (SH) for number of branches per plant and number of capsules per plant (per cent)
	S No.
	Hybrids
	Number of branches per plant
	
	Number of capsules per plant

	
	
	AH (di)
	HB (dii)
	SH (diii)
	
	AH (di)
	HB (dii)
	SH (diii)

	1
	EVC-122 X JLT-408
	-25.79**
	-32.23**
	-51.19**
	
	-2.39
	-3.66
	-21.64**

	2
	EVC-122 X Phule Til-1
	-4.15
	-14.05**
	-38.10**
	
	8.37**
	8.06*
	-12.11**

	3
	EVC-122 X Swetha
	-25.79**
	-32.23**
	-51.19**
	
	-10.66**
	-15.05**
	-23.37**

	4
	EVC-122 X RT-125
	-52.94**
	-59.52**
	-59.52**
	
	-23.96**
	-31.06**
	-31.06**

	5
	CT-50 X JLT-408
	-23.30**
	-25.47**
	-52.98**
	
	2.14
	1.93
	-19.24**

	6
	CT-50 X Phule Til-1
	-0.99
	-5.66
	-40.48**
	
	-2.57
	-3.75
	-22.16**

	7
	CT-50 X Swetha
	26.21**
	22.64**
	-22.62**
	
	-5.69
	-11.6**
	-20.25**

	8
	CT-50 X RT-125
	35.77**
	-47.62**
	-47.62**
	
	-8.95**
	-18.55**
	-18.55**

	9
	IC 500393 X JLT-408
	21.90**
	16.36**
	-23.81**
	
	-6.99*
	-9.18*
	-24.5**

	10
	IC 500393 X Phule Til-1
	-4.85
	-10.91**
	-41.67**
	
	-13.74**
	-14.91**
	-29.27**

	11
	IC 500393 X Swetha
	-1.90
	-6.36
	-38.69**
	
	2.65
	-1.38
	-11.04**

	12
	IC 500393 X RT-125
	39.57**
	15.48**
	15.48**
	
	27.74**
	16.96**
	16.96**

	13
	 IC 129908 X JLT-408
	10.91**
	1.67
	-27.38**
	
	-2.23
	-6.98*
	-18.38**

	14
	IC 129908 X Phule Til-1
	-16.67**
	-25.00**
	-46.43**
	
	-11.27**
	-14.75**
	-25.20**

	15
	IC 129908 X Swetha
	-5.45
	-13.33**
	-38.10**
	
	11.64**
	10.12**
	-0.66

	16
	IC 129908 X RT-125
	20.83**
	3.57
	3.57
	
	3.11
	-3.21
	-3.21

	17
	DORG 37-11 X JLT-408
	-4.20
	-17.39**
	-32.14**
	
	20.12**
	18.17**
	-3.24

	18
	DORG 37-11 X Phule Til-1
	-16.24**
	-28.99**
	-41.67**
	
	-0.27
	-0.88
	-18.84**

	19
	DORG 37-11 X Swetha
	-4.20
	-17.39**
	-32.14**
	
	12.06**
	6.89*
	-3.58

	20
	DORG 37-11 X RT-125
	31.37**
	19.64**
	19.64**
	
	38.68**
	26.12**
	26.12**

	21
	EC 346829 X JLT-408
	-17.95**
	-28.36**
	-42.86**
	
	-0.35
	-0.98
	-21.55**

	22
	EC 346829 X Phule Til-1
	-25.22**
	-35.82**
	-48.81**
	
	-6.21
	-7.75*
	-25.40**

	23
	EC 346829 X Swetha
	-14.53**
	-25.37**
	-40.48**
	
	-3.04
	-9.48**
	-18.35**

	24
	EC 346829 X RT-125
	21.85**
	9.52**
	9.52**
	
	-2.24
	-12.89**
	-12.89**

	25
	EC 301961 X JLT-408
	-23.48**
	-32.31**
	-47.62**
	
	-6.10
	-8.86*
	-23.29**

	26
	EC 301961 X Phule Til-1
	-16.81**
	-27.69**
	-44.05**
	
	-13.83**
	-15.52**
	-28.89**

	27
	EC 301961 X Swetha
	-14.78**
	-24.62**
	-41.67**
	
	-11.52**
	-14.48**
	-22.85**

	28
	EC 301961 X RT-125
	-20.13**
	-29.17**
	-29.17**
	
	1.95
	-6.13*
	-6.13*

	29
	CT-51 X JLT-408
	-33.77**
	-50.96**
	-39.29**
	
	-5.59
	-12.51**
	-18.78**

	30
	CT-51 X Phule Til-1
	-39.47**
	-55.77**
	-45.24**
	
	-12.08**
	-17.74**
	-23.63**

	31
	CT-51 X Swetha
	-29.87**
	-48.08**
	-35.71**
	
	-7.53**
	-8.84**
	-15.37**

	32
	CT-51 X RT-125
	-47.87**
	-52.88**
	-41.67**
	
	4.38
	0.64
	0.64


Mean of Standard check (RT-125): 5.60									Mean of Standard check (RT-125): 115.37
*significant at 5 per cent level                                                                                                                     		               **significant at 1 per cent level  
Table 4: Average Heterosis(AH), Heterobeltiosis(HB) and Standard Heterosis(SH) for capsule length and number of seeds per capsule (per cent)
	S No.
	Hybrids
	capsule length
	
	number of seeds per capsule

	
	
	AH (di)
	HB (dii)
	SH (diii)
	
	AH (di)
	HB (dii)
	SH (diii)

	1
	EVC-122 X JLT-408
	-6.04**
	-14.53**
	-3.41
	
	-9.49**
	-14.81**
	-7.25**

	2
	EVC-122 X Phule Til-1
	-0.63
	-6.67**
	5.47*
	
	9.65**
	2.18
	11.24**

	3
	EVC-122 X Swetha
	-26.4**
	-33.69**
	-25.0**
	
	-16.55**
	-22.39**
	-15.50**

	4
	EVC-122 X RT-125
	-25.07**
	-29.39**
	-20.19**
	
	-16.14**
	-19.56**
	-12.42**

	5
	CT-50 X JLT-408
	1.00
	-8.88**
	4.87*
	
	-0.57
	-4.79**
	4.55*

	6
	CT-50 X Phule Til-1
	7.15**
	-0.21
	14.84**
	
	10.07**
	2.16
	12.19**

	7
	CT-50 X Swetha
	-28.33**
	-35.94**
	-26.28**
	
	-13.91**
	-20.25**
	-12.42**

	8
	CT-50 X RT-125
	-6.33**
	-12.47**
	0.73
	
	-4.45**
	-8.72**
	0.24

	9
	IC 500393 X JLT-408
	-19.08**
	-26.86**
	-16.18**
	
	-11.22**
	-17.64**
	-7.49**

	10
	IC 500393 X Phule Til-1
	-6.26**
	-12.53**
	0.24
	
	-9.19**
	-16.59**
	-6.31**

	11
	IC 500393 X Swetha
	-18.32**
	-26.86**
	-16.18**
	
	-11.10**
	-18.49**
	-8.44**

	12
	IC 500393 X RT-125
	-24.94**
	-29.72**
	-19.46**
	
	-13.67**
	-18.4**
	-8.35**

	13
	 IC 129908 X JLT-408
	-7.82**
	-16.6**
	-4.62*
	
	-7.17**
	-13.64**
	-3.60

	14
	IC 129908 X Phule Til-1
	-2.16
	-8.62**
	4.50*
	
	-3.39*
	-11.00**
	-0.66

	15
	IC 129908 X Swetha
	-16.2**
	-24.89**
	-14.11**
	
	-10.65**
	-17.84**
	-8.3**

	16
	IC 129908 X RT-125
	-12.15**
	-17.66**
	-5.84**
	
	-12.70**
	-17.25**
	-7.63**

	17
	DORG 37-11 X JLT-408
	17.45**
	12.75**
	4.38*
	
	8.29**
	7.01**
	2.80

	18
	DORG 37-11 X Phule Til-1
	-8.05**
	-14.58**
	-15.21**
	
	-2.20
	-2.32
	-8.16**

	19
	DORG 37-11 X Swetha
	12.80**
	9.40**
	-0.85
	
	8.58**
	8.49**
	1.75

	20
	DORG 37-11 X RT-125
	27.33**
	17.88**
	17.88**
	
	12.5**
	9.01**
	9.01**

	21
	EC 346829 X JLT-408
	-15.19**
	-16.9**
	-19.83**
	
	-2.80
	-3.06
	-6.88**

	22
	EC 346829 X Phule Til-1
	-13.36**
	-14.58**
	-15.21**
	
	-2.70
	-3.47
	-7.78**

	23
	EC 346829 X Swetha
	-13.91**
	-16.52**
	-19.46**
	
	-2.31
	-3.28
	-7.59**

	24
	EC 346829 X RT-125
	-18.89**
	-20.32**
	-20.32**
	
	-9.07**
	-11.10**
	-11.10**

	25
	EC 301961 X JLT-408
	-10.38**
	-12.09**
	-18.61**
	
	-2.90
	-5.77**
	9.48**

	26
	EC 301961 X Phule Til-1
	-1.42
	-6.50**
	-7.18**
	
	4.09*
	2.07
	-4.03*

	27
	EC 301961 X Swetha
	-9.14**
	-9.93**
	-18.37**
	
	12.96**
	10.99**
	3.94*

	28
	EC 301961 X RT-125
	-15.57**
	-20.19**
	-20.19**
	
	-3.11
	-7.78**
	-7.78**

	29
	CT-51 X JLT-408
	17.09**
	8.02**
	0.00
	
	8.34**
	4.84*
	0.71

	30
	CT-51 X Phule Til-1
	19.95**
	7.23**
	6.45**
	
	18.93**
	16.29**
	9.34**

	31
	CT-51 X Swetha
	20.17**
	11.95**
	1.46
	
	11.63**
	9.37**
	2.42

	32
	CT-51 X RT-125
	16.31**
	3.65
	3.65
	
	10.29**
	4.69*
	4.69*


Mean of Standard check (RT-125): 2.74									Mean of Standard check (RT-125): 70.30
*significant at 5 per cent level                                                                                                                                           **significant at 1 per cent level
Table 5: Average Heterosis(AH), Heterobeltiosis(HB) and Standard Heterosis(SH) for 1000seed weight, oil content and seed yield per plant (per cent)
	S No.
	Hybrids
	1000 seed weight
	
	oil content
	
	seed yield per plant

	
	
	AH(di)
	HB(dii)
	SH(diii)
	
	AH(di)
	HB(dii)
	SH(diii)
	
	RH(di)
	HB(dii)
	SH(diii)

	1
	EVC-122 X JLT-408
	-6.47*
	-8.84**
	-7.83*
	
	-9.16**
	-11.50**
	0.52
	
	-2.65
	-3.46
	-11.55**

	2
	EVC-122 X Phule Til-1
	-8.45**
	-9.90**
	-5.92
	
	-6.82**
	-11.77**
	0.21
	
	10.79**
	7.27**
	-1.72

	3
	EVC-122 X Swetha
	-4.20
	-10.63**
	-9.64**
	
	-16.56**
	-21.10**
	-10.38**
	
	-21.24**
	-23.96**
	-30.33**

	4
	EVC-122 X RT-125
	-25.71**
	-26.12**
	-25.30**
	
	-5.86**
	-11.49**
	0.53
	
	-27.09**
	-30.15**
	-30.15**

	5
	CT-50 X JLT-408
	-8.45**
	-14.12**
	-5.92
	
	-7.08**
	-10.16**
	-3.21**
	
	23.80**
	22.94**
	6.31**

	6
	CT-50 X Phule Til-1
	-5.21*
	-7.42**
	1.41
	
	7.10**
	6.61**
	8.23**
	
	13.92**
	11.14**
	11.14**

	7
	CT-50 X Swetha
	-2.29
	-12.10**
	-3.71
	
	-1.14**
	-1.45**
	-0.25
	
	-16.54**
	-22.04**
	-23.42**

	8
	CT-50 X RT-125
	-7.81**
	-11.82**
	-3.41
	
	3.05**
	2.74**
	3.35**
	
	32.42**
	21.30**
	3.44**

	9
	IC 500393 X JLT-408
	-3.84
	-4.63
	-6.93*
	
	7.07**
	3.80**
	11.83**
	
	-20.90**
	-21.55**
	-28.13**

	10
	IC 500393 X Phule Til-1
	10.04**
	6.44
	11.14**
	
	-0.29
	-0.47
	1.05*
	
	-11.73**
	-14.54**
	-21.10**

	11
	IC 500393 X Swetha
	-4.56
	-9.47**
	-11.65**
	
	0.03
	0.00
	1.22*
	
	3.58*
	0.00
	-8.38**

	12
	IC 500393 X RT-125
	8.74**
	7.43*
	7.43*
	
	1.68**
	1.09
	2.26**
	
	29.75**
	29.24**
	11.76**

	13
	 IC 129908 X JLT-408
	-7.57**
	-9.52**
	-9.34**
	
	-3.23**
	-6.16**
	1.11*
	
	-2.16
	-4.73*
	-9.39**

	14
	IC 129908 X Phule Til-1
	-5.10*
	-7.02*
	-2.91
	
	-0.06
	-0.21
	1.31**
	
	9.75**
	4.37*
	-0.73

	15
	IC 129908 X Swetha
	2.35
	-4.11
	-3.92
	
	0.40
	0.40
	1.62**
	
	9.93**
	4.25*
	-0.85

	16
	IC 129908 X RT-125
	-1.00
	-1.10
	-0.90
	
	1.79**
	1.18*
	2.41**
	
	-0.37
	-6.69**
	-8.34**

	17
	DORG 37-11 X JLT-408
	0.93
	0.21
	-2.41
	
	-1.56**
	-5.77**
	1.53**
	
	15.47**
	13.15**
	1.95

	18
	DORG 37-11 X Phule Til-1
	2.29
	-1.15
	3.21
	
	5.36**
	3.81**
	5.39**
	
	-12.19**
	-15.87**
	-15.87**

	19
	DORG 37-11 X Swetha
	1.95
	-3.20
	-5.72
	
	-4.08**
	-5.35**
	-4.20**
	
	-10.97**
	-14.66**
	-16.17**

	20
	DORG 37-11 X RT-125
	0.20
	-1.10
	-1.10
	
	5.76**
	4.98**
	4.98**
	
	16.19**
	8.34**
	8.34**

	21
	EC 346829 X JLT-408
	0.95
	-4.82
	-0.90
	
	-6.39**
	-8.97**
	-1.92**
	
	-8.44**
	-18.17**
	-26.27**

	22
	EC 346829 X Phule Til-1
	0.63
	-0.77
	3.61
	
	-2.50**
	-2.63**
	-0.87
	
	30.71**
	19.41**
	2.43

	23
	EC 346829 X Swetha
	-15.66**
	-22.37**
	-19.18**
	
	-1.13**
	-1.42**
	0.36
	
	-13.38**
	-14.14**
	-14.14**

	24
	EC 346829 X RT-125
	-6.54
	-8.39**
	-4.62
	
	-1.01*
	-1.89**
	-0.12
	
	-5.39**
	-19.13**
	-19.13**

	25
	EC 301961 X JLT-408
	1.00
	0.73
	-3.31
	
	3.49**
	-0.18
	7.54**
	
	-19.69**
	-20.99**
	-26.43**

	26
	EC 301961 X Phule Til-1
	2.06
	-2.31
	2.01
	
	-0.87*
	-1.57**
	-0.07
	
	6.79**
	2.59
	-4.48**

	27
	EC 301961 X Swetha
	-17.39**
	-20.82**
	-24.40**
	
	0.68
	0.12
	1.34**
	
	1.27
	-2.98
	-9.67**

	28
	EC 301961 X RT-125
	2.41
	0.10
	0.10
	
	1.21**
	1.16**
	1.26*
	
	-18.88**
	-21.68**
	-21.68**

	29
	CT-51 X JLT-408
	0.88
	-0.51
	-1.81
	
	-5.53**
	-7.90**
	-0.77
	
	1.89
	-1.17
	-10.95**

	30
	CT-51 X Phule Til-1
	2.03
	-0.77
	3.61
	
	-1.11**
	-1.50**
	0.80
	
	0.48
	-0.16
	-14.35**

	31
	CT-51 X Swetha
	1.13
	-4.58
	-5.82
	
	4.16**
	3.59**
	6.01**
	
	10.16**
	9.77**
	-6.38**

	32
	CT-51 X RT-125
	-0.45
	-1.10
	-1.10
	
	4.56**
	3.37**
	5.78**
	
	8.84**
	0.51
	0.51


Mean of Standard check (RT-125): 3.32 			Mean of Standard check (RT-125): 45.78      	      Mean of Standard check (RT-125):14.52
*significant at 5 per cent level                    								                            **significant at 1 per cent level
	Table 6: Hybrids with high Standard Heterosis
	S No.
	Hybrids
	Days to 50 per cent flowering
	Plant height (cm)
	Number of branches per plant
	Number of capsules per plant
	Capsule length (cm)
	Number of seeds per capsule
	1000 seed weight (g)
	Oil content (per cent)
	Seed yield per plant (g)
	Score

	1
	EVC-122 X JLT-408
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	2
	EVC-122 X Phule Til-1
	-
	-
	-
	-
	√
	√
	-
	-
	-
	2

	3
	EVC-122 X Swetha
	√
	-
	-
	-
	-
	-
	-
	-
	-
	1

	4
	EVC-122 X RT-125
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	5
	CT-50 X JLT-408
	-
	√
	-
	-
	√
	√
	-
	-
	√
	4

	6
	CT-50 X Phule Til-1
	√
	-
	-
	-
	√
	√
	-
	√
	√
	5

	7
	CT-50 X Swetha
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	8
	CT-50 X RT-125
	-
	-
	-
	-
	-
	-
	-
	√
	√
	2

	9
	IC 500393 X JLT-408
	-
	-
	-
	-
	-
	-
	-
	√
	-
	1

	10
	IC 500393 X Phule Til-1
	-
	-
	-
	-
	-
	-
	√
	√
	-
	2

	11
	IC 500393 X Swetha
	-
	√
	-
	-
	-
	-
	-
	√
	-
	2

	12
	IC 500393 X RT-125
	-
	√
	√
	√
	-
	-
	√
	√
	√
	6

	13
	 IC 129908 X JLT-408
	-
	-
	-
	-
	-
	-
	-
	√
	-
	1

	14
	IC 129908 X Phule Til-1
	-
	-
	-
	-
	√
	-
	-
	√
	-
	2

	15
	IC 129908 X Swetha
	-
	√
	-
	-
	-
	-
	-
	√
	-
	2

	16
	IC 129908 X RT-125
	-
	-
	-
	-
	-
	-
	-
	√
	-
	1

	17
	DORG 37-11 X JLT-408
	-
	-
	-
	-
	√
	-
	-
	√
	-
	2

	18
	DORG 37-11 X Phule Til-1
	-
	-
	-
	-
	-
	-
	-
	√
	-
	1

	19
	DORG 37-11 X Swetha
	-
	√
	-
	-
	-
	-
	-
	-
	-
	1

	20
	DORG 37-11 X RT-125
	-
	√
	√
	√
	√
	√
	-
	√
	√
	7

	21
	EC 346829 X JLT-408
	√
	-
	-
	-
	-
	-
	-
	-
	-
	1

	22
	EC 346829 X Phule Til-1
	√
	-
	-
	-
	-
	-
	-
	-
	-
	1

	23
	EC 346829 X Swetha
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	24
	EC 346829 X RT-125
	√
	-
	√
	-
	-
	-
	-
	-
	-
	2

	25
	EC 301961 X JLT-408
	-
	-
	-
	-
	-
	√
	-
	√
	-
	2

	26
	EC 301961 X Phule Til-1
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	27
	EC 301961 X Swetha
	-
	-
	-
	-
	-
	√
	-
	√
	-
	2

	28
	EC 301961 X RT-125
	-
	-
	-
	-
	-
	-
	-
	√
	-
	1

	29
	CT-51 X JLT-408
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	30
	CT-51 X Phule Til-1
	-
	√
	-
	-
	√
	√
	-
	-
	-
	3

	31
	CT-51 X Swetha
	-
	√
	-
	-
	-
	-
	-
	√
	-
	2

	32
	CT-51 X RT-125
	-
	√
	-
	-
	-
	√
	-
	√
	-
	3

	
	Score
	5
	9
	3
	2
	7
	8
	2
	18
	5
	





