Combining Ability Analysis for Seed Yield and Accredited Associated Traits in                 Indian Mustard (Brassica juncea L. Czern & Coss.)

ABSTRACT
General and specific combining abilities are well-known basic fundamental breeding tools in assessing the extent of the parents, combining abilities and performance of hybrids. In the present investigation, 16 yield-attributing traits wereevaluatedconsidering 10 lines, 3 testers, and their thirty F₁ 1 hybrids developed through a Line × Tester mating design to estimate the magnitude and direction of combining abilities. Among the lines and testers, GCA effects showed that parentsviz., Pusa Bold, Rohini, Varuna and Vardhan were good general combiners as they exhibited desirable negative and highly significant GCA effect fordays to 50% flowering, days to siliquae initiation and plant height. However, Pusa Bold was recognized as agood general combiner as it displayed positive and highly significant GCA effect for maximum quantitative traits includingseed yield per plant and harvest Index. The cross-combination Pusa Jagannath × PAB-2014-4had highest SCA effect for seed yield per plant,biological yield, number of siliquae per plant andnumber of primary branches per plant and Maya × PAB-2014-8 for seed yield per plant, biological yield and number of siliquae on main raceme.
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Introduction
Indian mustard belongs to family Brassicaceae and genus Brassica, commonly known as rai or raya (Baghel et al., 2020). Indian mustard or brown mustard [Brassica juncea (L.) Czern & Coss] is a natural amphidiploid (2n = 36) of Brassica rapa and Brassica nigra (2n = 16) (Nagaheru, 1935). According to Vaughan (1977), the crop is thought to have originated in Asia, with China being the primary center of its genetic diversity. Indian mustard was brought tocome India from China and its cultivation eventually spread to Afghanistan and a number of other nations.It is mostly a self-pollinated crop, but under open or natural field circumstances, out-crossing varies from roughly 7.6% to 22%, and in some reports, up to over 30% (Yadav et al., 2019). This is primarily because of insect-mediated pollination, particularly by bees (Kumar et al.,2021; Tripathi et al.,2025;Dhakaret al., 2026).
About 38–40% of the oil found in Indian mustard seeds is used for human consumption, especially in northern India, where it is widely used as an edible oil for frying and cooking. The 100 grams, mustard seeds contain 4.51 grams of carbohydrates, 1.41 grams of sugar, 2 grams of dietary fibre, 0.47 grams of fat and 2.56 grams of protein (Shrivastava et al., 2023a; Sharma et al., 2025a). They are one of the most affordable sources of cooking oil for daily consumption and are mostly processed for edible oil extraction (Bhowal et al., 2014; Shrivastava et al., 2023b). Due to their high fibre, mineral and vitamin content and low fat and protein content, these crops have superior nutritional qualities compared to other vegetable crops (Salehi et al., 2021; Shrivastavaet al., 2023c; Sharma et al., 2025b). About 60% of its fatty acid profile is made up of monounsaturated fatty acids, such as 42% erucic acid and 12% oleic acid; approximately 21% is made up of polyunsaturated fatty acids, which include 6% omega-3 alpha-linolenic acid and 15% omega-6 linoleic acid; and approximately 12% is made up of saturated fats (Shyam & Tripathi; 2019; Baghel et al., 2020;Shrivastav et al., 2024). Low-erucic acid and low-glucosinolate mustard cultivars are favoured for human consumption since high erucic acid is thought to be detrimental to health (Rajpoot et al., 2020; Shyam et al., 2021; Stojanović et al., 2023; Sharma et al., 2024a).  
Globally, rapeseed-mustard is cultivated over 43.35 million hectares, contributing 89.77 million tonnes to the global oilseed basket with an average yield of 2070 kg/ha (Anonymous, 2025). In Indiamustard accounts for 28.6% of all oilseed production, making it the second most important of the seven edible oilseed crops and a major contributor to the nation's edible oil sector. India produces 13.22 million metric tons of mustard on 46.38 million hectares of land, with an average productivity of 1442 kg ha⁻¹. Rajasthan (45.40%), Madhya Pradesh (13.20%), Uttar Pradesh (14.24%), Haryana (10.78%), and West Bengal (6.00%) are the states that produce the most mustard (Anonymous, 2025).
The combining ability is a key factor that must be taken into account for crop improvementprogramme (Shrivastava et al., 2023d; Shrivastav et al., 2023e; Sharma et al., 2025c). When selecting parents and crosses for breeding, combining ability is a helpful tool for differentiating between good and poor combiners. To evaluate the performance of genotypes in hybrid combinations in Indian mustard, the line x tester mating design has been widely employed to determine the amount and kind of gene action (Kempthorne, 1957). The concept of combining ability was developed by Sprague and Tatum (1942) as a measure of gene action. The general combining ability is described as the average performance of a parental line in a sequence hybrid breeding. Whereas specific combining ability is used to describe a situation weather the particular combinations perform comparatively better or worse than would be expected based on the average performance of the lines involved. Finding the nature of gene action involved in controlling a character is more important as general combining ability variance is due to additive type of gene action and specific combining ability variance is due to non-additive type of gene action, originating mainly from dominance and epistasis deviations respectively. Considering the above facts, the present investigation was carried out to evaluate the combining abilities in Indian mustard by employing Line x Tester design. 
Materials and method
The experimental materials consisted of ten lines, viz., Pusa Bold, Varuna, Rohini, Kranti, Krishna, Maya, Vardhan, Vasundhara, Swarn Jyoti,and Pusa Jagannath were collected from Zonal Agriculture Research Station, Morena and three testers putative exhibiting resistant against Alternaria blight disease of Indian mustard including PAB-2014-4, PAB-2014-8, PAB-2017-18 were acquired from G. B. Pant University of Agriculture and Technology, Pantnagar. All experiments of The present investigation were conducted at Research Farm, Zonal Agriculture Research Station, Morena,Rajmata Vijayaraje Scindia Agricultural University, Gwalior, M.P., India.  All thirteen parents were crossed in a line x tester mating design as per the method suggested by Kempthorne (1957) during Rabi  season of 2024-25. At the time of maturity, the seeds from each cross combination were collected separately and stored for the next season. In Rabi25-2026, each genotype was sown in field using a randomized block design (RBD) with two replications of 5m row length with inter and intra row distance were 30cm and 10cm respectively. All the recommended agronomical practices and plant protection measures were adopted for raising a good crop stand.
Sixteen characters were recorded during the study including  days to initial flowering (DIF), days to 50% flowering (DFF), days to siliquae initiation (DSI), days to maturity (DM), plant height (PH), number of primary branches per plant (PB), number of secondary branches per plant (SB), length of main raceme (LMR), number of siliquae on main raceme (SMR), number of siliquae per plant (SPP), number of seeds per siliquae (SPS), length of siliquae (LS), 1000- seed weight (TW), biological yield (BY), harvest Index (HI), seed yield per plant (SYPP). Analysis of variance was performed with respect to the recorded data as per the procedure described by Panse and Sukhatame (1957) in order to determine the genotypic difference for specific parameters. The combining ability analysis was carried out as suggested by Kempthorne (1957).
Results and Discussion
The analysis of variance of the studied traits is presented in Table 1. In present study,                mean sum of squares due to parents and their crossesas well as crosses against parents were found highly significant at 5% and 1% probability level of significance for most of the investigated traits. It indicates presence of substantial variations between lines, testers and their hybrids. Parents versus crosses mean sum of squares which indicates  significant average heterosis was significant for all the traits except for the 1000-seed weight.Vaghela et al. (2011), Arifullah et al. (2013) and Dolgun and Sincik (2025) previously reported significant genotypic differences for variablesinvestigated indicating presence of significant genetic diversity in the experimental material based on analysis of variance. As a result, the genetic diversity in the experimental material made it easier to evaluate the effects of GCA in the parents and SCA in the crosses.
The lines showed significant difference at 5% probability level for all the traits investigated except biological and seed yield per plant and at 1% level of significance for harvest index. It is observed that testers are found significant at 5% probability level in terms of plant height, number of primary branches per plant, length of main raceme,number of siliquae on main raceme, number of siliquae per plant, number of seeds per siliquae, length of siliquae and 1000-seed weight. On the other hand, the line × tester interaction showed significant difference at 5% probability level for most of thetraits except for days to 50% flowering (Tabel 1). Lines, testers and line × tester demonstrated non-significant results for some of the traits that might be due to the environmental influence. For seed yield and yield related traits in Brassica juncea, significant differences havealso been reported by various researchers (Malviya et al., 2019; Choudhary et al., 2020; Kumar etal., 2021) depending on genotypes, parents, parents vs crosses, lines, testers, and line × tester interaction.
Combining ability effects
The assessment of combining ability plays a pivotal role in crop improvement by enabling the selection of suitable appropriate parental genotypes for the development of improved hybrids suited to variety of agroecological environments. The findings results of combining ability analysis provide a better understanding of the genetic mechanisms controlling the inheritance of particular traits, thereby assisting breeders to prioritise the selection of a suitable parents and cross combinations. Moreover, it offers providesa reliable basis for predicting hybrid performance, thereby supporting in conducting future advancement in commercial hybrid breeding programme (Hayder & Paul, 2014).
General combining ability
General combining ability (GCA) was defined by Sprague & Tatum (1942) as a line or tester's average performance. Table 2 and Table 3 represents represent the estimation estimate  of general combining ability effects of the lines and testers used in present investigation. For traits such as initial flowering, days to 50% flowering, days to siliquae initiation, days to maturityand plant height significant negative GCA effects and for remaining traits significant positive GCA effectsare considered desirable. 
An overall evaluation of the effects of GCA displayed that out of the ten parental lines evaluatedfor early flowering and maturity, Pusa Bold emerged as the promising general combiner as highly significant negative GCA effects for days to 50% flowering (-2.82**), days to siliquae initiation (-3.17**) and days to maturity (-3.12**) were recorded.Among lines, Rohini exhibited highest significant negative GCA effect for days to initial flowering (-1.40**) while Vardhan for days to 50% flowering (-1.15*), Pusa Jagannath for days to 50% flowering (-1.98**), days to siliquae initiation (-2.42**) and days to maturity (-2.62**). Pusa Bold (-10.58**), Vardhan (-8.61**), Varuna (-8.41**), Maya (-5.70**) and Rohini (-3.71**) showed substantial negative GCA effects for plant height, suggesting their suitability for the development of shorter and lodging-resistant genotypes.
For improving seed yield and its associated traits Pusa Bold identified as the best general combiner as it recorded a remarkable positive GCA effects for number of primary branches (0.88**), secondary branches (2.20**), siliquae on the main raceme (3.50**), total number of siliquae per plant (135.85**), seeds per siliquae (1.72**), biological yield (4.16**), harvest index (0.98*) and seed yield per plant (2.21**).Swarn Jyoti also recorded significant GCA effects for maximum traits, including number of secondary branches (3.32**), length of the main raceme (3.66*), siliquae on the main raceme (2.17**), total siliquae per plant (125.56**), 1000-seed weight (0.62**), biological yield (25.02**) and seed yield per plant (7.04**) as this highlights its potential to be an effective parent for improving seed yield.While Vardhan was identified as a good general combiner for length of the main raceme (10.27**), Kranti for number of siliquae on the main raceme (5.94**), Rohini for siliquae length (0.32**), Varuna for harvest index (1.71**), Vasundhara for biological yield (6.69**) and seed yield per plant (2.56**), Pusa Jagannath for number of secondary branches (1.89**), biological yield (2.19*) and seed yield per plant (0.81*). Among the testers, PAB-2017-18 emerged as the best general combiner, exhibiting significant positive GCA effects for number of siliquae per plant (27.89**), number of seeds per siliquae (0.58**), biological yield (1.66**) and seed yield per plant (0.75**). While PAB-2014-8 was identified as the best general combiner for reduced plant height (-5.74**), length of the main raceme (1.93*), number of siliquae on the main raceme (1.4**), siliquae length (0.2**) and 1000-seed weight (0.1**). Similar findings have also been reported by Akabariet al. (2017), Barfaet al. (2017), Chaudhari et al. (2022), Mustafa et al. (2023),Dolgun and Sincik (2025)andAfroseet al. (2026).
Specific combining ability 
Table 4 shows the specific combining ability effect of 30 cross combinations. Out of 30 cross combinations, 13 cross combinations es showed significant positive SCA effect for seed yield per plant out of 30 (Table 5). Among these Pusa Jagannath × PAB-2014-4 (8.38**), Maya × PAB-2014-8 (7.31**), Kranti × PAB-2017-18 (6.80**), Pusa Bold × PAB-2017-18 (5.85**) were recorded highest SCA effects.The most desirable specific cross combinations for individual traits were Vasundhara × PAB-2017-18 for days to initial flowering (-3.83**), Vasundhara × PAB-2014-4 for days to siliquae initiation (-2.39**), Pusa Bold × PAB-2014-4 for days to maturity (-1.98**) and length of the main raceme (15.19**), Vardhan × PAB-2017-18 for plant height (-14.97**), Pusa Jagannath × PAB-2014-4 for number of primary branches (1.93**), Krishna × PAB-2014-8 for number of secondary branches (5.59**) and harvest index (2.78**), Pusa Bold × PAB-2017-18 for number of siliquae on the main raceme (8.79**), Kranti × PAB-2017-18 for numbers of siliquae per plant (156.29**), Vasundhara × PAB-2014-8 for numbers of seeds per siliquae (1.34**), Rohini × PAB-2014-4 for siliquae length (0.47**), Maya × PAB-2017-18 for 1000-seed weight (0.71**) and Pusa Jagannath × PAB-2014-4 for biological yield (24.15**) as well as seed yield per plant (8.38**). The similar results have also been reported by Akabariet al. (2017), Saikia et al. (2019), Tirkey et al. (2020),Sharma et al. (2024b) and Kumariet al. (2026).
Conclusion
The specific combining ability (SCA) and general combining ability (GCA) estimations estimates  exhibited significant variation., hHowever none of the cross combinations showed exhibit significant desirable SCA effects for all the traits investigated. The GCA effects revealed that among the parental lines, Pusa Bold, Swarn Jyoti, Vardhan, Rohini, Varuna, Vasundhara and Pusa Jagannath, and among the testers, PAB-2017-18 and PAB-2014-8, possessed significant and desirable GCA effects for seed yield and its associated traitsand were identified as good general combiners. The crosses Pusa Jagannath × PAB-2014-4, Maya × PAB-2014-8, Kranti × PAB-2017-18, Pusa Bold × PAB-2017-18, Swarn Jyoti × PAB-2014-8, Vardhan × PAB-2014-8, Varuna × PAB-2017-18 and Rohini × PAB-2017-18 showed superior positive SCA effects for seed yield per plant in addition to several significant yield-contributing traits. These results highlight the significant potential for utilizing both additive and non-additive gene action through heterosis breeding and suitable appropriate parental selection to produce develope high-yielding, early-maturing and agronomically superior genotypes of Indian mustard.

Table 1 ANOVA for combining ability for 16 characters in Indian mustard
	Trait
	D f
	DIF
	DFF
	DSI
	DM
	PH
	PB
	SB
	LMR
	SMR
	TS
	SPS
	LS
	TW
	BY
	HI
	SYPP

	Replication
	1
	2.28
	0.57
	0.07
	0.94
	0.96
	0.01
	0.02
	2.65
	0.2
	0.37
	1.23
	0.01
	0.02
	0.21
	2.62
	1.49

	Genotypes
	42
	72.01**
	39.82**
	44.23**
	38.49**
	619.01**
	2.98**
	35.53**
	237.83**
	116.56**
	46185.24**
	618**
	0.63**
	0.59**
	828.84**
	21.72**
	97.9**

	Parents
	12
	16.21**
	17.12**
	18.37**
	6.37**
	790.12**
	4.54**
	60.35**
	328.68**
	202.6**
	82188.08**
	12.96**
	0.15**
	0.38**
	605.95**
	45.49**
	87.72**

	Crosse
	29
	5.43**
	10.26**
	15.28**
	23.36**
	418.84**
	1.98**
	23.63**
	205.85**
	84.12**
	23222.84**
	2.71**
	0.18**
	0.69**
	749.68**
	6.53**
	74.91**

	Parents Vs
Cross
	1
	2672.72**
	1169.5**
	1194.09**
	862.66**
	4370.58**
	13.3**
	83.08**
	75.12*
	24.58**
	280060.77**
	25.44**
	19.32**
	0.02
	5799.19**
	176.77**
	878.32**

	Lines
	9
	5.38**
	29.68**
	49.69**
	65.08**
	460.47**
	1.75**
	28.79**
	148.48**
	131.16**
	31613.51**
	3.17**
	0.16**
	1.12**
	723.05
	12*
	69.65

	Testers
	12
	3.2
	1.72
	1.51
	1.85
	1944.32**
	1.08**
	0.77
	80.78**
	30.96**
	11715.01**
	9.71**
	0.82**
	0.15**
	57.7
	3.81
	8.49

	Line × Tester
	18
	5.7**
	1.49
	2.6**
	4.89**
	228.53**
	2.2**
	23.58**
	248.43**
	66.51**
	20306.15**
	1.7**
	0.12**
	0.53**
	839.87**
	4.1**
	84.92**

	Error
	42
	1.87
	1.21
	0.66
	0.7
	18.5
	0.06
	0.15
	14.15
	2.67
	44.71
	0.3
	0.02
	0.01
	4.73
	1.16
	0.76



*and**= 0.05 and 0.01 level of significance, respectively.
DIF= Days to initial flowering; DFF= Days to 50% flowering; DSI= Days to siliquae initiation; DM= Days to maturity; PH= Plant height (cm); PB= Number of primary branches per plant; SB= Number of secondary branches per plant; LMR= Length of main raceme (cm); SMR= Number of siliquae on main raceme; SPP= Number of siliquae per plant; SPS= Number of seeds per siliquae; SL= Length of siliquae (cm); TW= 1000-seed weight (g); BY= Biological yield (g); HI= Harvest Index (%); SYPP= Seed yield per plant (g)
Table 2 General combining ability effect of parents for seed yield and attributing characters in Indian mustard
	Lines
	DIF
	DFF
	DSI
	DM
	PH
	PB
	SB
	LMR
	SMR
	SPP
	SPS
	LS
	TW
	BY
	HI
	SYPP

	Pusa Bold
	-0.9
	-2.82**
	-3.17**
	-3.12**
	-10.58**
	0.88**
	2.2**
	-8.19**
	3.5**
	135.85**
	1.72**
	-0.1
	-0.38**
	4.16**
	0.98*
	2.21**

	Varuna
	-1.07
	-1.32**
	-1.59**
	-1.45**
	-8.41**
	-1.15**
	-1.61**
	-3.5*
	-9.83**
	-70.31**
	-0.46*
	-0.05
	0.22**
	-14.36**
	1.71**
	-3.26**

	Rohini
	-1.4
	-1.15*
	-1.43**
	-1.45**
	-3.71*
	-0.11
	-3.75**
	3.32*
	-1.98**
	-9.99**
	0.29
	0.32**
	-0.12**
	-10.96**
	-2.89**
	-5.21**

	Kranti
	0.1
	0.52
	0.07
	0.72*
	5.57**
	0.04
	-1.22**
	-0.3
	5.94**
	-32.77**
	-0.06
	0.13*
	-0.23**
	-2.44**
	-1.3**
	-1.69**

	Krishna
	0.6
	1.85**
	2.58**
	6.22**
	11.1**
	0.38**
	-1.88**
	-1.9
	0.62
	-67.77**
	-0.81**
	-0.22**
	-0.72**
	-3.02**
	0.41
	-0.64

	Maya
	1.1
	1.02*
	1.41**
	0.38
	-5.7**
	0.35**
	-0.3
	0.92
	2.4**
	-26.18**
	-0.19
	0.12
	0.57**
	-0.21
	-0.77
	-0.67

	Vardhan
	-0.07
	-1.15*
	-1.76**
	-3.12**
	-8.61**
	-0.41**
	-0.06
	10.27**
	2.54**
	-41.45**
	0.32
	0.1
	0.27**
	-7.08**
	1.61**
	-1.16**

	Vasundhara
	1.43*
	4.85**
	5.74**
	5.22**
	0.55
	-0.17
	1.42**
	-2.07
	0.22
	-6.96*
	0.29
	-0.15*
	-0.35**
	6.69**
	0.68
	2.56**

	Swarn Jyoti
	0.6
	0.18
	0.58
	-0.78*
	14.2**
	0.19
	3.32**
	3.66*
	2.17**
	125.56**
	-0.54*
	-0.15*
	0.62**
	25.02**
	-0.49
	7.04**

	Pusa Jagannath
	-0.4
	-1.98**
	-2.42**
	-2.62**
	5.59**
	-0.02
	1.89**
	-2.2
	-5.6**
	-5.98*
	-0.56*
	0
	0.12**
	2.19*
	0.06
	0.81*

	SE (gi)
	0.56
	0.45
	0.33
	0.34
	1.76
	0.1
	0.16
	1.54
	0.67
	2.73
	0.23
	0.06
	0.04
	0.89
	0.44
	0.36

	SE (gi-gj)
	0.79
	0.64
	0.47
	0.48
	2.48
	0.14
	0.22
	2.17
	0.94
	3.86
	0.32
	0.09
	0.06
	1.26
	0.62
	0.5

	Testers
	

	PAB-2014-4
	0.4
	-0.22
	-0.28
	-0.35
	11.38**
	0.24**
	-0.22*
	-2.08*
	-0.43
	-15.55**
	-0.77**
	-0.21**
	-0.07**
	-1.73**
	0.07
	-0.42*

	PAB-2014-8
	-0.4
	-0.12
	0
	0.2
	-5.74**
	-0.01
	0.15
	1.93*
	1.4**
	-12.33**
	0.19
	0.2**
	0.1**
	0.07
	-0.47
	-0.32

	PAB-2017-18
	0
	0.33
	0.28
	0.15
	-5.64**
	-0.23**
	0.08
	0.16
	-0.97*
	27.89**
	0.58**
	0.01
	-0.03
	1.66**
	0.4
	0.75**

	SE (gi)
	0.31
	0.25
	0.18
	0.19
	0.96
	0.06
	0.09
	0.84
	0.37
	1.5
	0.12
	0.03
	0.02
	0.49
	0.24
	0.19

	SE (gi-gj)
	0.43
	0.35
	0.26
	0.27
	1.36
	0.08
	0.12
	1.19
	0.52
	2.11
	0.17
	0.05
	0.03
	0.69
	0.34
	0.27



*and**= 0.05 and 0.01 level of significance, respectively.
DIF= Days to initial flowering; DFF= Days to 50% flowering; DSI= Days to siliquae initiation; DM= Days to maturity; PH= Plant height (cm); PB= Number of primary branches per plant; SB= Number of secondary branches per plant; LMR= Length of main raceme (cm); SMR= Number of siliquae on main raceme; SPP= Number of siliquae per plant; SPS= Number of seeds per siliquae; SL= Length of siliquae (cm); TW= 1000-seed weight (g); BY= Biological yield (g); HI= Harvest Index (%); SYPP= Seed yield per plant (g).
Table 3 Top performing parents on the basis of GCA effect
	S.No. 
	Trait
	Line
	Tester

	1
	Days to initial flowering
	Rohini
	-

	2
	Days to 50% flowering
	Pusa Bold, Varuna, Rohini and Vardhan, Pusa Jagannath
	-

	3
	Days to siliquae initiation
	Pusa Bold, Varuna, Rohini and Vardhan, Pusa Jagannath
	-

	4
	Days to maturity
	Pusa Bold, Varuna, Rohini, Vardhan, Swarn Jyoti, Pusa Jagannath
	-

	5
	Plant height

	Pusa Bold, Varuna, Rohini, Maya, Vardhan
	PAB-2014-8,PAB-2017-18

	6
	Number of primary branches per plant
	Pusa Bold, Krishna, Maya
	PAB-2014-4

	7
	Number of secondary branches per plant
	Pusa Bold, Vasundhara, Swarn Jyoti, Pusa Jagannath 
	-

	8
	Length of main raceme
	Rohini, Vardhan, Swarn Jyoti, 
	PAB-2014-8

	9
	Number of siliquae on main raceme
	Pusa Bold, Kranti,Maya, Vardhan,Swarn Jyoti
	PAB-2014-8

	10
	Number of siliquae per plant
	Pusa Bold and Swarn Jyoti
	PAB-2017-18

	11
	Number of seeds per siliquae
	Pusa Bold
	PAB-2017-18

	12
	Length of siliquae
	Rohini,Kranti
	PAB-2014-8

	13
	1000-seed weight
	Varuna, Maya, Vardhan, Swarn Jyoti,Pusa Jagannath
	PAB-2014-8

	14
	Biological yield
	Pusa Bold, Vasundhara,Swarn Jyoti, Pusa Jagannath
	PAB-2017-18

	15
	Harvest Index
	Pusa Bold, Varuna, Vardhan,
	-

	16
	Seed yield per plant
	Pusa Bold, Vasundhara, Swarn Jyoti, Pusa Jagannath
	PAB-2017-18



Table 4SCA effects for 30 crosses for 16 different characters in Indian mustard
	F1
	DFI
	DFF
	DSI
	DM
	PH
	PB
	SB
	LMR
	SMR
	SPP
	SPS
	SL
	TW
	BY
	HI
	SYPP

	Pusa Bold × PAB-2014-4
	-1.4
	-1.28
	-0.98
	-1.98**
	-4.34
	0.8**
	1.12**
	15.19**
	2.04
	12.11*
	-0.48
	-0.11
	-0.3**
	-3.32*
	2.03*
	0.28

	Pusa Bold × PAB-2014-8
	-0.6
	0.62
	-0.75
	-0.53
	-10.21**
	-1.28**
	-1.25**
	-18.12**
	-10.84**
	-39.21**
	-0.79*
	-0.16
	0.24**
	-12.12**
	-3.08**
	-6.12**

	Pusa Bold × PAB-2017-18
	2*
	0.67
	1.73**
	2.52**
	14.54**
	0.48**
	0.12
	2.94
	8.79**
	27.1**
	1.27**
	0.28*
	0.06
	15.44**
	1.05
	5.85**

	Varuna × PAB-2014-4
	-0.23
	-0.78
	-0.31-0.22	-0.22
	-1.65**
	3.25
	0.15
	-2.86**
	-17.9**
	3.78**
	25.77**
	-0.94*
	-0.16
	0.4**
	-19.3**
	-0.7
	-6.66**

	Varuna × PAB-2014-8
	-0.43
	1.12
	0.67
	0.8
	3.12
	-0.57**
	-0.43
	13.19**
	-2.6*
	-68.78**
	0.6
	-0.06
	-0.16*
	4.5**
	0.93
	2.04**

	Varuna × PAB-2017-18
	0.67
	-0.33
	-0.36
	0.85
	-6.37*
	0.42*
	3.29**
	4.71
	-1.18
	43**
	0.35
	0.22*
	-0.24**
	14.8**
	-0.23
	4.62**

	Rohini × PAB-2014-4
	0.6
	1.55
	0.52
	2.35**
	-12.1**
	-1.09**
	0.82**
	1.03
	1.23
	-45.88**
	0.2
	0.47**
	0.44**
	-19.4**
	-0.4
	-5.61**

	Rohini × PAB-2014-8
	-0.6
	-1.05
	0
	-1.2*
	6.47*
	-0.06
	-1.15**
	4.78
	3.4**
	-5.9
	-0.16
	-0.33**
	-0.63**
	7**
	-1.07
	1.04

	Rohini × PAB-2017-18
	0
	-0.5
	-0.52
	-1.15
	5.63
	1.15**
	0.32
	-5.81*
	-4.63**
	51.78**
	-0.05
	-0.14
	0.2*
	12.4**
	1.47
	4.57**

	Kranti × PAB-2014-4
	-0.4
	0.38
	0.78
	0.18
	-5.58
	-0.01
	-2.71**
	2.5
	3.31**
	-22.04**
	0.46
	-0.04
	-0.25**
	4.28**
	0.06
	1.23

	Kranti × PAB-2014-8
	0.4
	0.28
	0.25
	1.63**
	2.14
	-0.34
	-1.28**
	-16.01**
	-3.87**
	-134.26**
	-0.2
	0
	0.39**
	-27.97**
	0.1
	-8.03**

	Kranti × PAB-2017-18
	0
	-0.67
	-1.02
	-1.82**
	3.44
	0.35
	3.99**
	13.51**
	0.56
	156.29**
	-0.25
	0.04
	-0.14
	23.69**
	-0.16
	6.8**

	Krishna × PAB-2014-4
	0.1
	-0.45
	0.28
	0.68
	-5.47
	-0.9**
	-2.24**
	-2.25
	-5.97**
	-35.8**
	0.8*
	0.01
	-0.36**
	12.46**
	-1.6*
	2.42**

	Krishna × PAB-2014-8
	0.4
	-0.05
	0
	-0.87
	12.16**
	1.12**
	5.59**
	9.19**
	1.5
	115.51**
	-0.26
	0
	0.37**
	3.06
	2.78**
	3.08**

	Krishna × PAB-2017-18
	-0.5
	0.5
	-0.28
	0.18
	-6.69*
	-0.22
	-3.34**
	-6.94*
	4.47**
	-79.71**
	-0.55
	-0.01
	0
	-15.53**
	-1.18
	-5.5**

	Maya × PAB-2014-4
	-0.9
	-0.12
	0.44
	-0.48
	-3.67
	-1.52**
	-0.08
	-0.36
	-4.7**
	-74.83**
	-0.01
	0.07
	0.15*
	-17.95**
	-0.57
	-5.69**

	Maya × PAB-2014-8
	-0.6
	-0.22
	-0.33
	0.97
	0.56
	0.95**
	1.55**
	8.72**
	7.07**
	113.05**
	-0.07
	-0.18
	-0.86**
	23.9**
	0.37
	7.31**

	Maya × PAB-2017-18
	1.5
	0.33
	-0.11
	-0.48
	3.11
	0.57**
	-1.48**
	-8.36**
	-2.36*
	-38.23**
	0.08
	0.11
	0.71**
	-5.95**
	0.2
	-1.62*

	Vardhan × PAB-2014-4
	-1.23
	0.05
	0.61
	1.02
	22.5**
	0.31
	-1.21**
	2.23
	3.86**
	-20.52**
	-0.53
	-0.06
	-0.15*
	10.21**
	0.2
	3.44**

	Vardhan × PAB-2014-8
	1.57
	0.95
	0.83
	0.47
	-7.53*
	0.46*
	2.97**
	2.78
	4.23**
	82.85**
	-0.39
	0.04
	0.49**
	15.62**
	-0.42
	4.64**

	Vardhan × PAB-2017-18
	-0.33
	-1
	-1.44*
	-1.48*
	-14.97**
	-0.77**
	-1.76**
	-5.01
	-8.09**
	-62.33**
	0.92*
	0.03
	-0.34**
	-25.83**
	0.22
	-8.08**

	Vasundhara × PAB-2014-4
	4.27**
	0.05
	-2.39**
	-1.32*
	1.48
	0.65**
	3.11**
	-1.63
	-3.67**
	-7.02
	0.3
	-0.16
	-0.73**
	0.55
	0.73
	0.72

	Vasundhara × PAB-2014-8
	-0.43
	-0.55
	0.83
	0.13
	0.96
	0.13
	-1.91**
	-5.74*
	3.7**
	-8.57
	1.34**
	0.14
	0.5**
	-0.3
	-0.38
	-0.48

	Vasundhara × PAB-2017-18
	-3.83**
	0.5
	1.56**
	1.18
	-2.44
	-0.78**
	-1.19**
	7.37**
	-0.03
	15.58**
	-1.65**
	0.03
	0.23**
	-0.25
	-0.35
	-0.25

	Swarn Jyoti × PAB-2014-4
	-0.9
	0.72
	1.27*
	1.68**
	-7.32*
	-0.31
	0.86**
	-5.32
	-1.72
	23.86**
	-0.76
	-0.06
	0.3**
	8.31**
	-0.9
	1.49*

	Swarn Jyoti × PAB-2014-8
	-0.1
	-0.88
	-1
	-0.87
	4.31
	0.71**
	2.49**
	9.22**
	2.75*
	102.78**
	1.08**
	0.18
	-0.36**
	14.96**
	0.83
	5.29**

	Swarn Jyoti × PAB-2017-18
	1
	0.17
	-0.28
	-0.82
	3.01
	-0.4*
	-3.34**
	-3.91
	-1.03
	-126.64**
	-0.32
	-0.12
	0.06
	-23.28**
	0.07
	-6.78**

	Pusa Jagannath × PAB-2014-4
	0.1
	-0.12
	-0.22
	-0.48
	11.25**
	1.93**
	3.19**
	6.5*
	1.84
	144.34**
	0.96*
	0.04
	0.5**
	24.15**
	1.15
	8.38**

	Pusa Jagannath × PAB-2014-8
	0.4
	-0.22
	-0.5
	-0.53
	-11.98**
	-1.12**
	-6.58**
	-8.01**
	-5.34**
	-157.48**
	-1.16**
	0.38**
	0.04
	-28.65**
	-0.07
	-8.78**

	Pusa Jagannath × PAB-2017-18
	-0.5
	0.33
	0.72
	1.02
	0.73
	-0.81**
	3.39**
	1.51
	3.49**
	13.13**
	0.2
	-0.42**
	-0.54**
	4.5**
	-1.08
	0.4

	SE (sij)
	0.97
	0.78
	0.58
	0.59
	3.04
	0.18
	0.27
	2.66
	1.16
	4.73
	0.39
	0.11
	0.07
	1.54
	0.76
	0.61

	SE (sij-skl)
	1.37
	1.1
	0.81
	0.84
	4.3
	0.25
	0.39
	3.76
	1.64
	6.69
	0.55
	0.15
	0.11
	2.18
	1.08
	0.87



*and**= 0.05 and 0.01 level of significance, respectively.
DIF= Days to initial flowering; DFF= Days to 50% flowering; DSI= Days to siliquae initiation; DM= Days to maturity; PH= Plant height (cm); PB= Number of primary branches per plant; SB= Number of secondary branches per plant; LMR= Length of main raceme (cm); SMR= Number of siliquae on main raceme;SPP= Number of siliquae per plant; SPS= Number of seeds per siliquae;SL= Length of siliquae (cm); TW= 1000-seed weight (g); BY= Biological yield (g); HI= Harvest Index (%); SYPP= Seed yield per plant (g).

Tabel 5Top performing hybrids on the basis of SCA effect
	S. No. 
	Trait
	Cross

	1. 
	Days to initial flowering
	Vasundhara × PAB-2017-18 

	2
	Days to 50% flowering
	-

	3
	Days to siliquae initiation
	Vasundhara × PAB-2014-4 and Vardhan × PAB-2017-18

	4
	Days to maturity
	Pusa Bold × PAB-2014-4 

	5
	Plant height
	Vardhan × PAB-2017-18and Rohini × PAB-2014-4

	6
	Number of primary branches per plant.
	Pusa Jagannath × PAB-2014-4 and Rohini × PAB-2017-18

	7
	Number of secondary branches per plant
	Krishna × PAB-2014-8andKranti × PAB-2017-18

	8
	Length of main raceme
	Pusa Bold × PAB-2014-4 andKranti × PAB-2017-18

	9
	Number of siliquae on main raceme
	Pusa Bold × PAB-2017-18and Maya × PAB-2014-8

	10
	Number of siliquae per plant
	Kranti × PAB-2017-18andPusa Jagannath × PAB-2014-4

	11
	Number of seeds per siliquae
	Vasundhara × PAB-2014-8 andPusa Bold × PAB-2017-18

	12
	Length of siliquae
	Rohini × PAB-2014-4and Pusa Jagannath × PAB-2014-8

	13
	1000-seed weight
	Maya × PAB-2017-18andVasundhara × PAB-2014-8

	14
	Biological yield
	Pusa Jagannath × PAB-2014-4andMaya × PAB-2014-8

	15
	Harvest index
	Krishna × PAB-2014-8and Pusa Bold × PAB-2014-4

	16
	Seed yield per plant
	Pusa Jagannath × PAB-2014-4and Maya × PAB-2014-8
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