[bookmark: _GoBack]Evaluation of Parental Lines and Hybrids through Combining Ability Studies in Snake Gourd (Trichosanthes cucumerina var. anguina L.)

Abstract
         Snake gourd (Trichosanthes cucumerina var. anguina) is an annual, day neutral climbing type herbaceous vegetable crop belonging to the Cucurbitaceae family with chromosome number of 2n = 2x = 22. Developing high yielding and well-adapted snake gourd cultivars is essential to meet the growing demands of a rising global population. This study was carried out using a line × tester mating design to assess the combining ability and genetic potential of diverse snake gourd lines for key morphological characteristics. The objective was to identify superior parental combinations and promising F1 hybrids with high specific combining ability (SCA) for further breeding programmes. A set of seven diverse snake gourd lines were crossed with two well-adapted testers. The resulting F1 hybrids, along with their parental lines, were evaluated for morphological traits, including growth parameters, flowering parameters, fruit parameters and biochemical parameters. Data analysis revealed significant differences among genotypes for all evaluated traits. General combining ability (GCA) and specific combining ability (SCA) effects were estimated and promising lines and hybrid combinations exhibiting high GCA and SCA for desirable traits were identified. The results of this study provide useful information on the genetic control of morphological traits in snake gourd and confirm that the line × tester analysis is an effective tool for identifying superior parental combinations for breeding programmes aimed at developing improved snake gourd cultivars with enhanced agronomic performance.
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1. Introduction
         Snake gourd (Trichosanthes cucumerina var. anguina L.) is a diploid, monoecious annual climber from the tribe Trichosantheae, native to Southern India. It belongs to Cucurbitaceae family, having chromosome number 2n=22 (Rashid et al., 2014). It is a major vegetable crop grown in the world's humid lowland tropics. The crop is originated in Southeast Asia and some regions of Africa/Australia in wild form before its domestication. The snake gourd or snake tomato, is also known by regional names such as Padavalakayi in kannada, Pudalankaai in Tamil and Padavalanga in Malayalam. Currently, it is growing across the tropical and semi tropical parts of the world (Ahmed et al., 2000). The Indian Archipelago is thought to be its place of origin. (Vavilov, 1935). 
         It is rich in natural compounds such as polysaccharides, flavonoids and polyphenols. These not only act as powerful antioxidants but also support immunity, help prevent diabetes, ease its symptoms and promote overall well-being. Even though the economic potential and nutritional benefits are very high, it is grown as a minor vegetable in the majority of countries due to its lowest global production, limited processing technologies, marketing facilities and consumption (Idowu et al., 2019). Dried seeds of snake gourd are used as an alternative medicine to treat diarrhoea and also exhibit antibacterial properties (Yusuf et al., 2007).
        Breeding for high-yielding varieties of crop plants, breeders usually face the problem of selection of desirable parents. In general, parents are selected on basis of their per se performance, but sometimes, a high-yielding genotype may not transmit its superiority to progeny. Hence, the critical choice of parents is of utmost importance, particularly for the improvement of complex quantitative characters such as yield and its components. Among the various mating designs used in plant breeding, the diallel and line × tester methods are the most common, as they help breeders understand how both additive and non-additive gene effects contribute to variation within a population. 
       While breeding high-yielding varieties of crop plants, the breeder often deals with the problem of selecting the desirable parents. Combining ability is one of the important tools for selecting desirable parents and cross combinations to be used in the formulation of the systematic breeding programme. A detailed evaluation of genetic data and a thorough understanding of combining ability, which informs parental selection, greatly raises the possibility of finding promising F1 hybrids. To commercially exploit heterosis and isolate pure lines among the offspring of the heterotic hybrids, combining ability analysis helps identify parents with excess general combining ability (GCA) effects and cross combinations with high–specific combining effects (SCA).
          Plant breeders adopt various strategies to enhance crop performance and one of the most effective among them is the line × tester analysis (Morales et al., 2022) for estimating general combining ability (GCA) (Zhang et al., 2022). This approach facilitates the identification of superior parental combinations and their corresponding F1 hybrids, which exhibit enhanced specific combining ability (SCA) (Han et al., 2020). By employing line × tester analysis, scientists can identify parental lines that show potential for hybridization and clarify the genetic basis of complex features. The current study aimed to determine suitable parental lines and testers assessing the effects of their general combining ability (GCA) and specific combining ability (SCA) (Mahmud et al., 2021). The purpose of this work was to estimate genetic parameters associated with key yield and agronomic traits, thereby aiding the selection of genotypes with the best GCA and SCA to incorporate into upcoming breeding initiatives (Melchinger et al., 2023). 
2. Material and methods
        The present study was conducted in the field at the Department of Vegetable Science, College of Horticulture, Bengaluru, Karnataka. The genetic material was composed of seven lines and two testers viz. Banswada Local, Siddapur Local, IC212509, IC212416, Raikur Local, Tenali Local and IC202160 along with two testers CO-2 and PKM 1. The F1 hybrid was developed by using line × tester (7×2) design. The lines and testers were crossed to produce 14 F1 hybrids. In the first growing season lines and testers were grown. At the anthesis stage, the crosses were made between lines and testers to obtain F1 hybrids. In the next growing season, lines, testers and hybrids were grown separately and comparison was made between them having different parameters like growth, flowering, fruit and biochemical parameters. After computing the requisite genetic parameters, the general combining ability (GCA) and specific combining ability were also calculated by using INDOSTAT 2.0 statistical software.
3. Result and Discussion
         Analysis of key genetic and agronomic parameters in snake gourd breeding revealed distinct trends with potential implications for the enhancement of crop improvement of programmes. Based on the magnitude of GCA or SCA effects of the parents or crosses are selected for further use in the breeding programme. The variance due to general and specific combining ability for various characters are depicted in the table 1. The GCA to SCA ratios were smaller than unity for all the traits under study, suggesting that non-additive components were a substantial in the inheritance of these features.
General combining ability
Among the nine parents, five parents exhibited significant negative heterosis while the three parents exhibited significant positive heterosis. The highest significant and positive GCA effect was observed in the parent IC212509 (76.89) followed by Siddapur Local (35.39) for the trait plant height at 60 DAS. (Table 1). Out of nine parents, two parents exhibited significant positive GCA effects i.e. Siddapur Local (0.41) and CO-2 (0.16) and three parents exhibited significant negative gca effects i.e. Banswada Local (-0.73), Tenali Local (-0.31) and PKM 1 (-0.16) for number of primary branches at 60 DAS. The low GCA to SCA variance ratio for plant height suggests the predominance of non-additive gene effects, a conclusion supported by previous studies conducted by Khan et al. (2016), Devi et al. (2017) and Kumar et al. (2024).  For days to first female flowering. the parent IC202160 exhibited highest negative gca while the highest positive significant gca was manifested by Banswada Local and IC212416. While all other parents remain non-significant. (Table 1). Raikur Local (-0.66) showed strong negative gca effect for node at which first female flower appears in desirable direction indicating earliness. For days to first fruit harvest, IC212509 (-5.57), Raikur Local (-0.87), PKM 1 (-0.76) and IC202160 (-0.57) exhibited significant negative gca effects in which IC212509 recorded the highest negative gca effect (-5.57) in desirable direction. (Table 1). These findings are contrary to earlier reports which indicated additive gene action as the primary factor controlling this trait obtained by Fathima et al. (2018), Kumar et al. (2024) and Devi et al. (2017).
Among the yield parameters, out of nine parents, the parent Tenali Local (2.88) exhibited highest significant positive gca followed by Banswada Local (1.48) for number of fruits per vine corresponding to the work of Devi et al. (2017), Podder et al. (2018), Islam et al. (2022), Fathima et al. (2023) and Kumar et al. (2024) in snake gourd (Table 1). The maximum positive and gca effects were recorded for the parent Siddapur Local (16.40) followed by PKM 1 (15.25) suggesting longer fruit similar to the results of Devi et al. (2017), Podder et al. (2018) and Khan et al. (2016) and Kumar et al. (2024) in snake gourd. CO-2 (-15.25) showed highest significant negative gca effect, indicating shorter fruit. (Table 1). IC202160 (0.86) showed notable positive gca effect followed by IC212509 (0.57) suggesting wider fruit while, Banswada Local (-0.75) exhibited highly significant and negative heterosis indicating thin fruits. (Table 3). For the trait average fruit weight, out of 9 parents, significant and positive gca effects were observed in four parents and negative significant gca effects in five parents. Tenali Local (59.80) and PKM 1 (51.37) exhibited highest significant positive gca effects indicating heavier fruits. (Table 1). Out of nine parents, four parents exhibited significant positive gca effects i.e. Banswada Local (0.61), Siddapur Local (0.39), Tenali Local (1.83) and PKM 1 (0.71) and four parents exhibited significant negative gca effects i.e. IC212509 (-1.28), IC212416 (-1.38), Raikur Local (-0.29) and CO-2 (-0.71). The highest positive significant gca effects was exhibited by Tenali Local (1.83) for fruit yield (kg/plant). (Table 1)
Snake gourd is a nutrient dense plant which is rich in various biochemicals. For the trait fruit protein content, out of nine parents, significant and positive gca effects were observed in six parents and negative significant gca effects in three parents. Tenali Local (0.05) followed by (0.03) exhibited highest significant positive gca effects. Raikur Local (0.92) showed notable positive gca effect followed by Banswada Local (0.49) for fruit carbohydrate content and for fruit fibre content, the parent IC212416 (0.18) exhibited highest significant positive gca effects followed by Tenali Local (0.07) while IC212509 (-0.17) exhibited highest significant negative gca effect. (Table 1)
Based on a comprehensive analysis of general combining ability (GCA) effects, Siddapur Local, Tenali Local, IC202160 and PKM 1 emerged as the best general combiners for overall traits. In contrast, Banswada Local, IC212509, IC212416, Raikur Local and CO-2 were identified as poor general combiners across the evaluated attributes.
Specific combining ability
        The sca effects of the 14 cross combinations included both positive and negative effects. The highest sca effects were obtained by Siddapur Local × PKM 1 (42.89) followed by Banswada Local × CO-2 (24.10) for plant height at 60 DAS. Out of 14 cross combinations, sca effects of the crosses are not found significant for number of primary branches at 60 DAS. For days to first female flowering, t for the trait node at first female flower appears, the cross Banswada Local × CO-2 (-0.48) manifested highest negative sca effects followed by Tenali Local × PKM 1 (-0.26). The highest negative sca effects were obtained by Banswada Local × PKM 1(-0.49) followed by Tenali Local × CO-2 (-0.30). None of the hybrids exhibited significant sca effect. For the trait node at first female flower appears, the cross Banswada Local × CO-2 (-0.48) manifested highest negative sca effects followed by Tenali







Table 1. General combining ability effects of parents for growth, flowering, yield and biochemical parameters in snake gourd
	Sl. 
No.
	Genotypes
	PH
	NPB
	DFF
	NFF
	DFH
	NFV
	FL(cm)
	FG(cm)
	AFW(g)
	FY
	FPC
	FCC
	FFC

	
	Lines

	1.
	L1
	-37.60**
	-0.73**
	0.52*
	0.08
	1.82**
	1.48**
	11.70**
	-0.75**
	0.45
	0.61**
	0.02**
	0.49**
	-0.06**

	2.
	L2
	35.39**
	0.41*
	-0.47
	0.08
	0.77**
	1.33**
	16.40**
	-0.30**
	-6.84**
	0.39**
	-0.10**
	0.02
	-0.05**

	3.
	L3
	76.89**
	0.16
	0.17
	0.63**
	-5.57**
	-2.01**
	-14.74**
	0.57**
	-55.34**
	-1.28**
	-0.02**
	0.20**
	-0.17**

	4.
	L4
	-35.35**
	0.06
	0.62*
	-0.36
	2.77**
	-1.91**
	-11.84**
	0.17**
	-71.74**
	-1.38**
	0.03**
	0.27**
	0.18**

	5.
	L5
	4.89
	-0.08
	0.07
	-0.66**
	-0.87**
	-1.41**
	3.60**
	-0.24**
	42.00**
	-0.29**
	-0.01*
	0.92**
	0.01*

	6.
	L6
	-13.10**
	-0.31*
	-0.03
	-0.06
	1.62**
	2.88**
	2.15**
	-0.31**
	59.80**
	1.83**
	0.05**
	0.46**
	0.07**

	7.
	L7
	-31.10**
	-0.11
	-0.52*
	0.02
	-0.57**
	-0.36*
	-7.29**
	0.86**
	31.65**
	0.13
	0.02**
	0.02
	0.02**

	
	SEm±
	2.82
	0.14
	0.23
	0.18
	0.18
	0.14
	0.55
	0.03
	1.55
	0.06
	0.004
	0.026
	0.007

	
	CD at 5 %
	6.09
	0.30
	0.51
	0.39
	0.38
	0.31
	1.20
	0.06
	3.36
	0.13
	0.009
	0.05
	0.01

	
	CD at 1 %
	8.50
	0.42
	0.72
	0.58
	0.54
	0.44
	1.67
	0.09
	4.69
	0.18
	0.012
	0.08
	0.02

	Testers

	1.
	T1
	16.10**
	0.16*
	0.27
	0.03
	0.76**
	-0.32**
	-15.25**
	0.19**
	-51.37**
	-0.71**
	-0.006*
	0.007
	0.012**

	2.
	T2
	-16.10**
	-0.16*
	0.25
	-0.03
	-0.76**
	0.32**
	15.25**
	-0.19**
	51.37**
	0.71**
	0.006*
	-0.007
	0.012**

	
	SEm±
	1.50
	0.07
	     0.12
	0.09
	0.09
	0.07
	0.29
	0.01
	0.83
	0.03
	0.002
	0.014
	0.003

	
	CD at 5 %
	3.25
	0.16
	0.27
	0.21
	0.20
	0.16
	0.64
	0.03
	1.80
	0.07
	0.004
	0.03
	0.008

	
	CD at 1 %
	4.54
	0.22
	0.38
	0.29
	0.29
	0.23
	0.89
	0.04
	2.51
	0.09
	0.006
	0.04
	0.011


*and** indicate significance of values at p= 0.05 and p= 0.01, respectively
L1:   Banswada Local, L2: Siddapur Local, L3: IC212509, L4: IC212416, L5: Raikur Local, L6: Tenali Local, L7: IC202160, T1: CO-2, T2: PKM 1,
PH: Plant height at 60 DAS,  NPB: Number of primary branches at 60 DAS, DFF: Days to first  female flowering, NFF: Node at   which first female flower appears, DFH: Days to first fruit harvest, NFV: Number of fruits per vine, FL: Fruit length , FG: Fruit girth, AFW: Average fruit weight, FY: Fruit yield (kg/plant), FPC: Fruit protein content, FCC: Fruit carbohydrate content, FFC: Fruit fibre content

Table 2. Specific combining ability effects of hybrids for growth , flowering, yield and biochemical parameters in snake gourd
	Sl. 
No.
	Hybrids 
	PH
	NPB
	DFF
	NFF
	DFH
	NPV
	FL(cm)
	FG(cm)
	AFW (g)
	FY
	FPC
	FCC
	FFC

	1
	L1 × T1
	24.10**
	0.18
	0.49
	-0.48
	-0.11
	-0.47*
	-13.09**
	-0.10*
	-50.12**
	-0.74**
	0.00
	-0.25**
	0.06**

	2
	L1 × T2
	-24.10**
	-0.18
	-0.49
	0.48
	0.11
	0.47*
	13.09**
	0.10*
	50.12**
	0.74**
	0.00
	0.25**
	-0.06**

	3
	L2 × T1
	-42.89**
	0.03
	-0.10
	0.11
	-0.66*
	-0.22
	-16.19**
	1.06**
	73.27**
	0.69**
	0.00
	0.41**
	-0.04**

	4
	L2 × T2
	42.89**
	-0.03
	0.10
	-0.11
	0.66*
	0.22
	16.19**
	-1.06**
	-73.27**
	-0.69**
	0.00
	-0.41**
	0.04**

	5
	L3 × T1
	-37.39**
	-0.11
	-0.15
	0.16
	-0.31
	0.12
	13.95**
	0.22**
	59.67**
	0.68**
	-0.02**
	-0.09*
	-0.03**

	6
	L3 × T2
	37.39**
	0.11
	0.15
	-0.16
	0.31
	-0.12
	-13.95**
	-0.22**
	-59.67**
	-0.68**
	0.02**
	0.09*
	0.03**

	7
	L4 × T1
	15.35**
	-0.21
	-0.10
	0.06
	-0.66*
	-0.07
	13.15**
	-0.91**
	63.77**
	0.64**
	0.00
	-0.01
	0.02*

	8
	L4 × T2
	-15.35**
	0.21
	0.10
	-0.06
	0.66*
	0.07
	-13.15**
	0.91**
	-63.77**
	-0.64**
	0.00
	0.01
	-0.02*

	9
	L5 × T1
	11.60*
	-0.06
	0.04
	-0.23
	0.68*
	0.32
	0.80
	-0.24**
	-65.27**
	-0.25*
	0.00
	0.01
	0.03*

	10
	L5 × T2
	-11.60*
	0.06
	-0.04
	0.23
	-0.68*
	-0.32
	-0.80
	0.24**
	65.27**
	0.25*
	0.00
	-0.01
	-0.03*

	11
	L6 × T1
	14.60**
	0.13
	-0.30
	0.26
	-0.41
	0.42
	-5.34**
	-0.36**
	-105.37**
	-1.23**
	0.04**
	-0.12**
	-0.01

	12
	L6 × T2
	-14.60**
	-0.13
	0.30
	-0.26
	0.41
	-0.42
	5.34**
	0.36**
	105.37**
	1.23**
	-0.04**
	0.12**
	0.01

	13
	L7 × T1
	14.60**
	0.05
	0.14
	0.11
	1.48**
	-0.12
	6.70**
	0.34**
	24.07**
	0.21*
	0.00
	0.06
	-0.02*

	14
	L7 × T2
	-14.60**
	-0.05
	-0.14
	-0.11
	-1.48**
	0.12
	-6.70**
	-0.34**
	-24.07**
	-0.21*
	0.00
	-0.06
	0.02*

	
	SEm±
	3.99
	0.20
	0.33
	0.25
	0.25
	0.20
	0.78
	0.04
	2.20
	0.08
	0.006
	0.03
	0.01

	
	CD at 5 %
	8.62
	0.43
	0.73
	0.55
	0.55
	0.44
	1.70
	0.09
	4.76
	0.18
	0.013
	0.08
	0.02

	
	CD at 1 %
	12.02
	0.60
	1.02
	0.77
	0.76
	0.62
	2.37
	-0.10*
	-50.12**
	0.26
	0.018
	0.11
	0.03


*and** indicate significance of values at p= 0.05 and p= 0.01, respectively
L1:   Banswada Local, L2: Siddapur Local, L3: IC212509, L4: IC212416, L5: Raikur Local, L6: Tenali Local, L7: IC202160, T1: CO-2, T2: PKM 1,
PH: Plant height at 60 DAS,  NPB: Number of primary branches at 60 DAS, DFF: Days to first  female flowering, NFF: Node at   which first female flower appears, DFH: Days to first fruit harvest, NFV: Number of fruits per vine, FL: Fruit length , FG: Fruit girth, AFW: Average fruit weight, FY: Fruit yield (kg/plant), FPC: Fruit protein content, FCC: Fruit carbohydrate content, FFC: Fruit fibre content
Local × PKM 1 (-0.26). IC212416 × PKM 1 (-1.48), Siddapur Local × CO-2 (-0.66), IC212416 × CO-2 (-0.66) and Raikur Local × PKM 1 (-0.68) exhibited highest negative SCA effects indicating early fruit harvest. (Table 2)
[bookmark: _Hlk179281867][bookmark: _Hlk179282651]The cross Banswada Local × CO-2 (0.47) exhibited highest significant positive SCA effects for number of fruits per vine. Whereas, the highest positive significant SCA effect is manifested by Siddapur Local × PKM 1 (16.19) for the trait fruit length. It was observed that seven crosses showed positive significant sca effects where the cross Siddapur Local × CO-2 (1.06) had the highest sca effects for fruit girth where the cross Tenali Local × PKM 1 (105.37) recorded the highest positive significant sca effects followed by cross Siddapur Local × CO-2 (73.27) for average fruit weight. The highest sca effects were obtained by Tenali Local × PKM 1 (1.23) followed by Siddapur Local × CO-2 (0.69) for fruit yield (kg/plant). (Table 2)
For biochemical parameters, out of 14 crosses, the cross Tenali Local × CO-2 (0.04) recorded the highest positive significant sca effects followed by cross IC212509 × PKM 1 (0.02) for fruit protein content. the cross Siddapur Local × CO-2 (0.41) had the highest sca effects followed by the cross Banswada Local × PKM 1 (0.25) for fruit carbohydrate content and the highest positive sca effects is observed in Banswada Local × CO-2 (0.06) followed by Siddapur Local × PKM 1 (0.04) for fruit fibre content. (Table 2)
The cross combinations IC212509 × PKM 1 and IC202160 × CO-2 was identified as good specific combiners for vine length. For fruit length, promising combinations included Banswada Local × CO-2, Siddapur Local × CO-2, IC212509 × PKM 1, IC212416 × PKM 1, Tenali Local × PKM 1 and IC202160 × PKM 1. Regarding fruit girth, the best performing crosses were Banswada Local × PKM 1, Siddapur Local × CO-2, IC212509 × CO-2, IC212416 × PKM 1, Raikur Local × PKM 1, Tenali Local × PKM 1 and IC202160 × CO-2. In terms of fruit weight, superior combinations included Banswada Local × PKM 1, Siddapur Local × CO-2, IC212509 × CO-2, IC212416 × CO-2, Raikur Local × PKM 1, Tenali Local × PKM 1 and IC202160 × CO-2. For fruit yield per plant, the crosses Banswada Local × PKM 1, Siddapur Local × CO-2, Siddapur Local × PKM 1, Raikur Local × PKM 1, Tenali Local × PKM 1 and IC202160 × PKM 1 showed good specific combining ability.


4. Conclusion
          A detailed evaluation of general combining ability (GCA) effects revealed that PKM 1, Siddapur Local and Tenali Local are among the most promising parents for overall trait performance. The crosses Tenali Local × PKM 1, Banswada Local × PKM 1, Raikur Local × PKM 1 and IC202160 × PKM 1 emerged as superior hybrids for yield, displaying significant specific combining ability (SCA) effects for yield per plant. These hybrids should be subjected to further multi-location trials to assess their yield stability across different agro-climatic conditions before recommendation for commercial cultivation. The preponderance of non-additive genetic variance observed for several traits suggests that these traits are more amenable to improvement through hybridization followed by pedigree selection or through the adoption of pedigree selection strategies alone.
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