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Assessment of Combining Ability and Gene Action for Yield and Yield-Contributing Traits in Sunflower (Helianthus annuus L.)	Comment by MyHp: The study on phosphorus applications in sunflowers is an original field experiment; it is a well-conducted study that examined yield and oil content in hybrid sunflowers.
	Comment by MyHp: Phosphorus applications on sunflowers are considered a valuable area of ​​study. However, since my area of ​​expertise is grain legumes, it would be beneficial for a sunflower specialist to examine this subject in detail as well.
	Comment by MyHp: It is absolutely necessary to conduct a literature review.
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ABSTRACT

	Aims: To evaluate the combining ability, determine the nature of gene action governing yield and yield-contributing traits, and identify superior parents and promising hybrid combinations in sunflower (Helianthus annuus L.).
Study design:  Line × tester mating design.
Place and Duration of Study: Oilseeds Research Station, Latur, Maharashtra, India, during kharif 2025 (hybrid development) and rabi 2025–26 (field evaluation).
Methodology: Six cytoplasmic male sterile (CMS) lines and seven restorer lines were crossed in a line × tester mating design to generate 42 hybrids. The resulting hybrids, along with their 13 parents and three standard checks, were evaluated in a randomized block design with two replications for ten agro-morphological and quality traits. Data were subjected to analysis of variance, line × tester analysis for estimating general and specific combining ability, and assessment of gene action following the method of Kempthorne (1957).
Results: Significant variation among the experimental materials was observed for all the traits, indicating adequate genetic diversity for selection. The combining ability analysis revealed the significance of both GCA and SCA effects, although SCA effects were more pronounced for most of the traits, suggesting the greater role of non-additive gene action. CMS-249A and CMS-47A were identified as efficient general combiners among the female lines, whereas EC-601751 and EC-601924 proved to be superior restorers. The hybrid combinations DSP-11A × EC-601924, CMS-249A × RHAGPR-3 and CMS-10A × EC-601751 expressed high SCA effects together with desirable performance for yield and related traits, indicating their suitability for hybrid breeding.
Conclusion: The study revealed that both additive and non-additive genetic effects contributed to the inheritance of yield and yield-contributing traits, with non-additive gene action playing the predominant role. The superior general combiners and cross combinations identified in the present investigation can serve as valuable breeding materials for the development of high-yielding sunflower hybrids. 
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1. INTRODUCTION
Sunflower (Helianthus annuus L.) is one of the most important edible oilseed crops belonging to the family Asteraceae (2n = 34). It is widely cultivated because of its high yield potential, broad adaptability and excellent oil quality. The seed contains approximately 40 to 50 per cent oil and 20 to 25 per cent protein, while the oil is rich in unsaturated fatty acids and natural antioxidants, making it one of the healthiest vegetable oils for human consumption. Besides edible oil extraction, the deoiled cake serves as a valuable protein-rich feed for livestock, thereby enhancing the economic importance of the crop. Although sunflower ranks among the leading oilseed crops of the world, its productivity in India is comparatively low due to a narrow genetic base, changing climatic conditions and the limited availability of superior hybrids. 

The discovery of cytoplasmic male sterility (CMS) by Leclercq (1969) and fertility restoration by Kinman (1970) revolutionized sunflower breeding by facilitating economical commercial hybrid seed production. Since then, hybrid breeding has become the most effective approach for improving seed yield, oil content and adaptation in sunflower. The success of hybrid breeding depends largely on the identification of genetically diverse parents capable of producing superior hybrids with desirable agronomic and quality traits. Therefore, evaluation of parental lines for their combining ability has become an indispensable component of sunflower improvement programmes. 	Comment by MyHp: It would be appropriate to use up to date literature; this ensures the reliability of the studies.
	Comment by MyHp: It would be appropriate to use up to date literature; this ensures the reliability of the studies.


Combining ability analysis provides valuable information on the genetic potential of parental lines and the nature of gene action governing economically important traits. Sprague and Tatum (1942) classified combining ability into general combining ability (GCA), which is primarily associated with additive gene effects, and specific combining ability (SCA), which represents non-additive gene effects arising from dominance and epistatic interactions. Among the available mating designs, the Line × Tester method proposed by Kempthorne (1957) has been widely adopted for estimating GCA and SCA effects, identifying superior parents and selecting promising hybrid combinations. The information generated through combining ability studies enables breeders to formulate appropriate breeding strategies, including selection for additive gene effects and exploitation of heterosis governed by non-additive gene action. 	Comment by MyHp: Previous studies should be supplemented with new ones.
	Comment by MyHp: Previous studies should be supplemented with new ones.


Several researchers have reported substantial genetic variability and significant combining ability effects for yield and yield-attributing traits in sunflower. Karande et al. (2020) and Pole et al. (2020) reported considerable variability among sunflower genotypes for important agronomic traits, indicating ample scope for selection and hybrid development. Shrishaila et al. (2017) and Biradar et al. (2018), observed the predominance of non-additive gene action for seed yield and several yield-contributing characters, suggesting the effectiveness of heterosis breeding. Similarly, Vairam and Gnanamalar (2016), Harshavardan et al. (2020), Dhanalakshmi et al. (2022) and Rajane et al. (2022), emphasized the importance of identifying superior general combiners and specific cross combinations for improving seed yield and oil content in sunflower. These studies demonstrate that the combined assessment of per se performance, combining ability and gene action is essential for developing high-yielding sunflower hybrids. 

Keeping these considerations in view, the present investigation was undertaken to assess the combining ability of six cytoplasmic male sterile lines and seven restorer lines through a Line × Tester mating design, to study the nature of gene action governing seed yield and yield-contributing traits, and to identify superior parental lines and promising hybrid combinations for their effective utilization in future sunflower breeding programmes. 

2. material and methods 

The present investigation was conducted during the Rabi 2025–26 season at the Oilseeds Research Station, Latur, Maharashtra, India. The experimental material consisted of six cytoplasmic male sterile (CMS) lines (CMS-249A, CMS-47A, DSP-11A, CMS-10A, CMS-607A and DSF-2A) and seven fertility restorer lines (RHA-274, 166R, 143R, RHAGPR-3, RHA-95-C-1, EC-601924 and EC-601751). These parental lines were crossed in a line × tester mating design during Kharif 2025 to develop 42 F₁ hybrids. The hybrids, along with 13 parents and three standard checks (LSFH-171, KBSH-44 and KBSH-90), were evaluated in a randomized block design with two replications. 
The experiment was laid out with a spacing of 60 × 30 cm and all recommended agronomic and plant protection practices were followed. Observations on plant height, head diameter, seed filling percentage, 100-seed weight, volume weight, hull content, oil content and seed yield per plant were recorded from five randomly selected competitive plants in each replication, whereas days to 50% flowering and days to maturity were recorded on a plot basis. Oil content was estimated using Nuclear Magnetic Resonance (NMR). 
The recorded data were analyzed by analysis of variance following Panse and Sukhatme (1967). Combining ability was estimated using the line × tester method proposed by Kempthorne (1957), while standard heterosis over the three commercial check hybrids was calculated according to the method of Fonseca and Patterson (1968).	Comment by MyHp: Previous studies should be supplemented with new ones.


3. results and discussion

Analysis of variance showed significant variation among the 58 genotypes for all the characters evaluated, including days to 50% flowering, days to maturity, plant height, head diameter, seed filling percentage, 100-seed weight, volume weight, hull content, seed yield per plant and oil content. The presence of significant differences among the genotypes indicated the existence of sufficient genetic variability, which offers considerable scope for the selection of superior parents and promising hybrid combinations in sunflower breeding. The comparatively low error variance also suggested good experimental precision and reliability of the observations.	Comment by MyHp: DUPLICATE.


Table 1. Analysis of variance for parents and hybrids for ten quantitative traits in sunflower (Helianthus annuus L.)

	Sr. No.
	Character
	Replication 
(df = 1)
	Treatment 
(df = 57)
	Error 
(df = 57)

	1
	Days to 50% flowering
	1.68
	29.85**
	1.65

	2
	Days to maturity
	1.04
	27.03**
	3.30

	3
	Plant height (cm)
	57.96
	765.35**
	50.71

	4
	Head diameter (cm)
	0.47
	4.57**
	0.88

	5
	Seed filling (%)
	8.99
	159.73**
	6.91

	6
	100-seed weight (g)
	0.03
	0.55**
	0.05

	7
	Volume weight (g/100 ml)
	0.54
	8.33**
	0.96

	8
	Hull content (%)
	0.81
	18.35**
	1.11

	9
	Seed yield per plant (g)
	0.97
	20.26**
	1.0

	10
	Oil content (%)
	1.027
	138.65**
	5.44


Significant at the 5% probability level; ** Significant at the 1% probability level. 
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Combining ability analysis revealed significant variation among parents, hybrids, lines, testers, line × tester interactions and parents versus crosses for most of the characters under study. The significance of both general combining ability (GCA) and specific combining ability (SCA) mean squares suggested that additive as well as non-additive gene effects contributed to the inheritance of these traits. However, the higher magnitude of SCA variance compared with GCA variance, together with GCA/SCA ratios below unity, indicated the predominance of non-additive gene action in controlling the majority of the traits. 

Table 2. Line × tester analysis of variance and variance components for ten quantitative traits in sunflower (Helianthus annuus L.)

	Source of
variation
	df
	DF
	DM
	PH
	HD
	SF
	100-SW
	VW
	HC
	SYP
	OC

	Replications
	1
	2.68
	2.68
	34.71
	0.1
	0.23
	0.01
	0.01
	1.88
	0.02
	1.18

	Crosses
	41
	32.27**
	21.65**
	190.79**
	1.97*
	86.88**
	0.39**
	5.41**
	17.14**
	20.18**
	14.44*

	Lines
	5
	11.93**
	3.79
	229.06**
	4.62**
	125.75**
	0.88**
	8.32**
	22.62**
	24.16**
	44.02**

	Testers
	6
	61.46**
	53.60**
	375.69**
	1.63*
	138.38**
	0.41**
	7.28**
	26.42**
	30.18**
	12.02

	Line × Tester
	30
	29.83**
	18.24**
	147.43**
	1.60*
	70.11**
	0.30**
	4.55**
	14.37**
	17.51**
	9.99

	Error
	41
	1.78
	2.63
	48.76
	0.61
	6.32
	0.05
	1.01
	1.11
	1.11
	6.45



Estimates of variance components

	Variance component
	DF
	DM
	PH
	HD
	SF
	100-SW
	VW
	HC
	SYP
	OC

	σ²GCA
	-1.279
	-1.032
	5.831
	0.216
	3.975
	0.041
	0.269
	0.589
	0.475
	2.592

	σ²SCA
	14.025
	7.807
	49.333
	0.493
	31.893
	0.129
	1.77
	6.632
	8.201
	4.009

	GCA/SCA ratio
	-0.091
	-0.132
	0.118
	0.438
	0.125
	0.318
	0.152
	0.089
	0.058
	0.647


* Significant at P ≤ .05; ** Significant at P ≤ .01.

Abbreviations: DF = Days to 50% flowering; DM = Days to maturity; PH = Plant height; HD = Head diameter; SF = Seed filling; 100-SW = 100-seed weight; VW = Volume weight; HC = Hull content; SYP = Seed yield per plant; OC = Oil content.

The estimates of variance components revealed that the magnitude of specific combining ability (σ²SCA) variance was higher than that of general combining ability (σ²GCA) variance for all the ten characters studied, namely days to 50 per cent flowering, days to maturity, plant height, head diameter, seed filling percentage, 100-seed weight, volume weight, hull content, seed yield per plant and oil content. The GCA/SCA ratio was less than unity for all the traits, indicating the predominance of non-additive gene action in their inheritance. Similar observations were made by Rukminidevi et al. (2005), Chandra et al. (2013), Singh (2013), Shinde et al. (2016), Borde et al. (2017), Thorat et al. (2018), Shrishaila et al. (2017) and Biradar et al. (2018).  who reported the predominance of non-additive gene action governing seed yield and its component traits in sunflower. 	Comment by MyHp: DUPLICATE.


A wide range of variation was observed among the parents, hybrids and standard checks for all the quantitative characters, reflecting the presence of substantial genetic diversity in the experimental material. Days to 50 per cent flowering ranged from 54.0 to 69.5 days, while days to maturity varied from 83.0 to 98.0 days. Plant height ranged between 90.0 and 168.0 cm, head diameter from 10.00 to 16.20 cm and seed filling percentage from 55.75 to 92.90%. Similarly, 100-seed weight, volume weight, hull content, oil content and seed yield per plant exhibited wide variation, ranging from 2.81 to 4.88 g, 27.83 to 35.11 g/100 ml, 23.65 to 38.74%, 29.07 to 41.51% and 15.00 to 42.30 g, respectively. The broad variability observed for these traits suggests ample scope for the selection of desirable parents and superior hybrid combinations for sunflower improvement. 

Among the parental lines, CMS-47A, DSP-11A and CMS-10A exhibited superior performance for several yield-contributing and quality traits, while among the restorers, RHA-274, 166R and EC-601751 recorded desirable performance for important agronomic characters. Several F₁ hybrids outperformed both their parents and the standard checks for seed yield and its associated traits. Notably, CMS-249A × RHAGPR-3 recorded the highest seed yield per plant (42.30 g), followed by DSP-11A × EC-601924 (42.00 g), CMS-10A × EC-601751 (41.60 g), CMS-249A × 143R (40.10 g) and CMS-249A × EC-601751 (38.60 g). These hybrids also exhibited superior performance for one or more yield-attributing traits such as head diameter, seed filling percentage, 100-seed weight, volume weight and oil content, demonstrating their potential as promising hybrid combinations for commercial exploitation. 

The outstanding performance of these hybrids may be attributed to favourable genetic interactions between the parental lines, resulting in enhanced expression of economically important traits through heterosis. Similar reports on the existence of wide genetic variability and superior hybrid performance for seed yield and related traits have been documented by Shamshad et al. (2016), Lakshman et al. (2018) and Chahal et al. (2019), emphasizing the importance of selecting genetically diverse parents for the development of high-yielding sunflower hybrids.

The predominance of non-additive gene action observed in the present investigation suggests that heterosis breeding would be an effective strategy for improving seed yield and its component traits in sunflower. Nevertheless, the significant GCA effects exhibited by parents such as CMS-249A, CMS-47A, EC-601751 and EC-601924 indicate that additive gene effects also contributed to the inheritance of several characters, making these parents valuable donors for future hybridization programmes. Similar conclusions were drawn by Mohanasundaram et al. (2010), Vairam and Gnanamalar (2016), Khalid et al. (2017), Harshavardan et al. (2020) Karande et al. (2020), Dhanalakshmi et al. (2022) and Rajane et al. (2022). who also reported the predominance of non-additive gene action coupled with the usefulness of good general combiners in sunflower breeding. 	Comment by MyHp: Incorporating both existing and new literature and discussing the accuracy of the study's results in light of that literature strengthens the study and is highly beneficial.



Table 3. General combining ability (GCA) effects of lines and testers for ten quantitative traits in sunflower (Helianthus annuus L.)

	Parent
	DF	Comment by MyHp: It would be more appropriate to arrange them according to physiological development.
DF = Days to 50% flowering; 
PH = Plant height; 
SF = Seed filling; 
HD = Head diameter;
DM = Days to maturity; 
100-SW = 100-seed weight; 
VW = Volume weight; 
HC = Hull content; 
SYP = Seed yield per plant; 
OC = Oil content.
The order would be more appropriate.

	DM
	PH
	HD
	SF
	100-SW
	VW
	HC
	SYP
	OC

	Lines

	CMS-249A
	1.15**
	-0.11
	4.86*
	0.59**
	-0.32
	-0.03
	-0.47
	1.53**
	-1.8**
	2.05**

	CMS-47A
	-0.92*
	-0.96*
	3.71
	0.37
	2.08**
	-0.16**
	-0.21
	-0.96**
	1.22**
	1.16

	DSP-11A
	-1.2**
	0.11
	-5.29**
	-0.21
	-0.56
	0.07
	0.29
	-1.59**
	1.32**
	-0.34

	CMS-10A
	0.44
	0.11
	-2.07
	0.02
	1.43*
	0.25**
	0.41
	-0.72*
	0.9**
	0.23

	CMS-607A
	0.65
	0.32
	-3
	-1.03**
	-5.48**
	-0.39**
	-1.11**
	1.22**
	-0.69*
	-3.49**

	DSF-2A
	-0.13
	0.54
	1.79
	0.26
	2.85**
	0.26**
	1.1**
	0.52
	-0.94**
	0.38

	SE (±)
	0.36
	0.43
	1.87
	0.21
	0.67
	0.06
	0.27
	0.28
	0.28
	0.66

	CD (5%)
	0.72
	0.88
	3.77
	0.42
	1.36
	0.12
	0.54
	0.57
	0.57
	1.342

	Testers

	RHA-274
	-1.31**
	-1.35**
	1.98
	-0.45
	-3.96**
	-0.38**
	-1.38**
	0.58
	-1.18**
	-1.62*

	166R
	-2.98**
	-2.51**
	-5.61**
	-0.2
	-3.44**
	-0.01
	0.01
	-1.38**
	1.96**
	-1.14

	143R
	0.69
	0.15
	-0.02
	-0.03
	-1.62*
	0.12
	0.87**
	-0.06
	0.15
	-0.22

	RHAGPR-3
	-1.06**
	-0.6
	-4.94*
	-0.12
	-0.09
	0.08
	-0.28
	-1.47**
	1.11**
	0.47

	RHA-95-C-1
	1.36**
	1.24*
	-1.86
	-0.2
	0.79
	-0.03
	0.79**
	2.47**
	-2.59**
	-0.7

	EC-601924
	4.02**
	3.99**
	11.14**
	0.55*
	5.55**
	0.19**
	0.37
	-1.23**
	1.2**
	1.58*

	EC-601751
	-0.73
	-0.93
	-0.69
	0.46*
	2.77**
	0.04
	-0.38
	1.09**
	-0.65*
	1.62*

	SE (±)
	0.39
	0.47
	2.02
	0.23
	0.73
	0.06
	0.29
	0.30
	0.30
	0.71

	CD (5%)
	0.78
	0.95
	4.07
	0.46
	1.47
	0.12
	0.59
	0.61
	0.61
	1.45


*Significant at P ≤ 0.05; **Significant at P ≤ 0.01.

Abbreviations: DF = Days to 50% flowering; DM = Days to maturity; PH = Plant height; HD = Head diameter; SF = Seed filling; 100-SW = 100-seed weight; VW = Volume weight; HC = Hull content; SYP = Seed yield per plant; OC = Oil content.
The general combining ability analysis revealed considerable variation among the parental lines, indicating differences in their ability to transmit favourable genes to the progenies. Among the female parents, CMS-249A proved to be the most promising general combiner for seed yield per plant, besides exhibiting desirable GCA effects for head diameter, hull content and oil content. CMS-47A and CMS-10A were also identified as useful combiners for important yield-contributing traits, particularly seed filling percentage, while DSF-2A showed favourable GCA effects for seed filling percentage, 100-seed weight and volume weight. On the other hand, DSP-11A exhibited desirable negative GCA effects for days to 50 per cent flowering and plant height, making it a useful parent for developing early and comparatively shorter hybrids. Among the testers, EC-601924 and EC-601751 emerged as superior general combiners for seed yield along with several yield-related traits, indicating their potential use as donor parents in sunflower improvement programmes.

The superiority of these parents for different characters suggests the importance of additive gene effects in the inheritance of yield and its component traits. Such parents can be effectively utilized in hybridization and selection programmes for the development of high-yielding sunflower hybrids. Similar findings were reported by Mohanasundaram et al. (2010), Vairam and Gnanamalar (2016), Khalid et al. (2017), Harshavardan et al. (2020) Karande et al. (2020), Dhanalakshmi et al. (2022) and Rajane et al. (2022).

Specific combining ability analysis further revealed the presence of highly promising hybrid combinations, highlighting the role of non-additive gene action in the expression of seed yield and associated traits. DSP-11A × EC-601924 was identified as the best specific combiner for seed yield per plant with the highest positive SCA effect and excellent per se performance. Hybrids such as CMS-249A × RHAGPR-3, CMS-10A × EC-601751, CMS-249A × 143R and DSF-2A × RHAGPR-3 also exhibited favourable SCA effects together with superior performance for seed yield and related characters, indicating their suitability for heterosis breeding and future commercial exploitation.

The superior performance of these hybrids indicates that favourable interactions between the parental lines played an important role in the expression of seed yield and its contributing traits. Similar results emphasizing the usefulness of superior specific combiners in sunflower have been reported by Mohanasundaram et al. (2010), Jondhale et al. (2012), Shinde et al. (2016), Vairam and Gnanamalar (2016), Harshavardan et al. (2020) and Lakshman et al. (2021 

4. Conclusion

The present investigation revealed considerable genetic variability among the parental lines and hybrids for all the characters studied. Significant estimates of both general combining ability (GCA) and specific combining ability (SCA) indicated the involvement of additive as well as non-additive gene effects, while the predominance of SCA variance over GCA variance for all the traits suggested the greater importance of non-additive gene action in the inheritance of these characters. Among the parental lines, CMS-249A was identified as the best general combiner for seed yield per plant, whereas CMS-47A, CMS-10A and DSF-2A were found to be promising general combiners for several yield and quality traits. Among the testers, EC-601924, EC-601751 and RHAGPR-3 exhibited desirable GCA effects for seed yield and its associated traits. Among the hybrids, DSP-11A × EC-601924, CMS-249A × RHAGPR-3, CMS-10A × EC-601751, CMS-249A × 143R and DSF-2A × RHAGPR-3 emerged as the most promising cross combinations by combining high per se performance with favourable SCA effects for seed yield and related traits. These hybrids can be further evaluated over locations and seasons for their potential commercial exploitation in sunflower hybrid breeding programmes.

Table 4. Estimates of specific combining ability (SCA) effects of 42 hybrids for ten quantitative traits in sunflower (Helianthus annuus L.)

	Hybrid
	DF
	DM
	PH
	HD
	SF
	100-SW
	VW
	HC
	OC
	SYP

	CMS-249A x RHA-274
	-1.4
	-0.73
	9.81
	0.69
	-1.43
	0.49**
	0.62
	2.2**
	-1.04
	1.73

	CMS-249A x 166R
	-4.74**
	-2.56*
	-6.11
	0.24
	-12.5**
	0.15
	0.43
	-3.9**
	3.15**
	-0.45

	CMS-249A x 143R
	7.1**
	5.27**
	10.81*
	1.31*
	11.1**
	0.01
	0.27
	-2.24**
	-0.75
	2.78

	CMS-249A x RHAGPR-3
	-1.15
	-1.48
	-7.27
	0.71
	4.91**
	0.3
	2.58**
	-2.52**
	3.16**
	4.29*

	CMS-249A x RHA-95-C-1
	1.43
	0.69
	1.64
	-2.41**
	-5.67**
	-0.89**
	-2.51**
	0.52
	-0.06
	-6.14**

	CMS-249A x EC-601924
	-1.74
	-1.06
	0.14
	-0.51
	-2.25
	-0.1
	0.17
	4.32**
	-2.44**
	-1.86

	CMS-249A x EC-601751
	0.51
	-0.14
	-9.02
	-0.03
	5.85**
	0.05
	-1.55*
	1.62*
	-2.03**
	-0.36

	CMS-47A x RHA-274
	-0.83
	-0.87
	-7.05
	0.17
	3.37
	-0.36*
	-2.19**
	-0.91
	-0.25
	0.99

	CMS-47A x 166R
	3.83**
	2.3
	2.54
	-0.78
	1.46
	-0.03
	-0.7
	0.45
	-1.36
	-1.01

	CMS-47A x 143R
	-4.33**
	-2.37*
	-2.55
	-0.46
	-3.69*
	-0.51**
	-1.19
	0.96
	-1.07
	-0.78

	CMS-47A x RHAGPR-3
	-3.58**
	-2.62*
	2.37
	-0.42
	-5.61**
	0.16
	1.28
	2.24**
	-0.92
	-0.81

	CMS-47A x RHA-95-C-1
	-2*
	-1.95
	-8.71
	1.07
	6.92**
	0.59**
	1.02
	-2.88**
	3.04**
	2.7

	CMS-47A x EC-601924
	4.33**
	3.8**
	6.29
	-0.23
	1.03
	-0.09
	0.98
	0.66
	-1.52*
	-1.57

	CMS-47A x EC-601751
	2.58**
	1.71
	7.12
	0.65
	-3.49
	0.24
	0.8
	-0.53
	2.08**
	0.49

	DSP-11A x RHA-274
	5.95**
	4.06**
	1.95
	-0.21
	-1.19
	0.27
	1.38
	5.25**
	-6.83**
	0.13

	DSP-11A x 166R
	-0.88
	0.73
	5.54
	0.14
	9.3**
	0.03
	0.29
	0.37
	0.37
	0.19

	DSP-11A x 143R
	-1.55
	0.56
	-4.55
	0.06
	-3.87*
	-0.05
	0.92
	0.84
	-0.27
	-0.13

	DSP-11A x RHAGPR-3
	-0.8
	0.31
	1.37
	-1.04
	-7.84**
	-0.24
	-1.61*
	-1.27
	1.55*
	-4.61*

	DSP-11A x RHA-95-C-1
	2.29*
	0.98
	4.29
	0.34
	-4.96**
	0.06
	0.52
	-3.77**
	4.28**
	1.05

	DSP-11A x EC-601924
	-4.88**
	-5.77**
	-12.21*
	1.59**
	6.32**
	0.67**
	1.37
	-2.91**
	2.14**
	5.28**

	DSP-11A x EC-601751
	-0.13
	-0.86
	3.62
	-0.88
	2.24
	-0.75**
	-2.87**
	1.49
	-1.24
	-1.91

	CMS-10A x RHA-274
	-3.19**
	-1.94
	-1.26
	-0.93
	-3.48
	-0.13
	-0.91
	-1.02
	1.43
	-3.12

	CMS-10A x 166R
	-1.02
	0.23
	-3.68
	0.17
	-2.98
	0.05
	0.35
	0.88
	-1.69*
	-0.28

	CMS-10A x 143R
	-5.19**
	-4.44**
	-10.26*
	-0.81
	-4.81**
	-0.41**
	-0.21
	-0.54
	1.11
	-2.5

	CMS-10A x RHAGPR-3
	8.56**
	6.81**
	18.65**
	0.83
	7.2**
	0.15
	0.91
	-0.17
	-0.28
	1.16

	CMS-10A x RHA-95-C-1
	-1.86
	-2.52*
	-5.93
	0.62
	0.58
	0.15
	-0.59
	3.4**
	-2.96**
	0.75

	CMS-10A x EC-601924
	2.98**
	2.73*
	6.07
	-0.03
	0.54
	-0.17
	-0.89
	-0.09
	0.47
	-0.27

	CMS-10A x EC-601751
	-0.27
	-0.86
	-3.6
	0.15
	2.96
	0.36*
	1.34
	-2.46**
	1.92*
	4.26*

	CMS-607A x RHA-274
	1.6
	0.85
	1.67
	0.91
	4.39*
	-0.13
	0.38
	-0.39
	0.41
	1.65

	CMS-607A x 166R
	0.76
	-0.99
	8.25
	0.46
	2.97
	-0.19
	-0.41
	-0.09
	1.42
	1.29

	CMS-607A x 143R
	-2.9**
	-3.15**
	-10.33*
	-0.16
	-3.45
	0.79**
	0.88
	-1.87*
	3.7**
	-0.23

	CMS-607A x RHAGPR-3
	0.35
	0.1
	-5.92
	-1.07
	-4.48*
	-0.36*
	-2.91**
	-0.16
	-0.67
	-2.34

	CMS-607A x RHA-95-C-1
	1.93*
	1.76
	9
	0.46
	5.29**
	0.07
	2.3**
	0.92
	-1.22
	2.3

	CMS-607A x EC-601924
	-1.74
	-0.99
	-5.5
	-1.04
	-3.68*
	-0.37*
	-1.18
	-1.4
	0.72
	-2.73

	CMS-607A x EC-601751
	0.01
	2.43*
	2.83
	0.44
	-1.04
	0.2
	0.94
	2.99**
	-4.37**
	0.06

	DSF-2A x RHA-274
	-2.12*
	-1.37
	-5.12
	-0.62
	-1.66
	-0.13
	0.72
	-5.14**
	6.27**
	-1.37

	DSF-2A x 166R
	2.05*
	0.3
	-6.54
	-0.22
	1.75
	-0.01
	0.04
	2.29**
	-1.9*
	0.25

	DSF-2A x 143R
	6.88**
	4.13**
	16.88**
	0.05
	4.71*
	0.17
	-0.66
	2.85**
	-2.72**
	0.85

	DSF-2A x RHAGPR-3
	-3.37**
	-3.12**
	-9.2
	0.99
	5.83**
	0
	-0.25
	1.88*
	-2.84**
	2.32

	DSF-2A x RHA-95-C-1
	-1.79
	1.05
	-0.29
	-0.07
	-2.17
	0.03
	-0.73
	1.81*
	-3.07**
	-0.67

	DSF-2A x EC-601924
	1.05
	1.3
	5.21
	0.23
	-1.95
	0.05
	-0.44
	-0.59
	0.62
	1.16

	DSF-2A x EC-601751
	-2.7**
	-2.29
	-0.95
	-0.34
	-6.51**
	-0.1
	1.34
	-3.11**
	3.64**
	-2.53

	SE ±
	0.94
	1.15
	4.94
	0.55
	1.78
	0.15
	0.71
	0.74
	0.75
	1.75

	CD at 5 %
	1.90
	2.32
	9.97
	1.12
	3.59
	0.30
	1.44
	1.50
	1.51
	3.55

	CD at 1 %
	2.55
	3.10
	13.34
	1.50
	4.80
	0.41
	1.92
	2.01
	2.01
	4.75


Significant at P ≤ .05; ** Significant at P ≤ .01.
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