
Heterosis studies for growth, flowering and yield characters in sponge gourd (Luffa cylindrica (L.) Roem.)


ABSTRACT
An experiment was conducted to estimate heterosis for growth, flowering, and yield characteristics of sponge gourd. A total of twenty-seven F1 hybrids were developed using a line × tester mating design. These hybrids, along with nine lines and three testers, along with one commercial check, were evaluated in randomized block design with three replications at Vegetable Research Centre, G. B. Pant University of Agriculture and Technology, Pantnagar, Uttarakhand, during summer 2025. Heterosis was calculated based on the mean values of the F1 hybrids over three replicates. The best heterotic cross for fruit yield per plant was Pusa Sneha × Kashi Divya. This cross also exhibited significant heterosis for days to first male and female flower, days to first harvest, vine length, flesh thickness, number of fruits per vine and fruit yield per plant. Cross Pusa Sneha × Kashi Divya (112.28%), Kashi Shreya × Swarna Prabha (42.42%) and Pusa Sneha × Pant Chikni Torai-1 (38.39%) were found to be the best heterotic combinations as they exhibited significant heterosis percentage for fruit yield per plant over the commercial check (Pusa Chikni). The crosses Kashi Kalyani × Pant Chikni Torai-1 and Kashi Shreya × Swarna Prabha were found to be the most promising for earliness as they showed significant negative heterosis over mid-parent, better parent and commercial check. 	Comment by Microsoft account: You didn’t talk about the sponge gourd as way of introducing the abstract, you just started on the methodology so you will need to re write this by adding a few sentences
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Introduction
Luffa [Luffa cylindrica (L.) Roem.] commonly called as sponge gourd, loofah, vegetable sponge or dishcloth. It is an important cucurbit grown throughout the world as a summer and rainy seasonworldwide as a summer and rainy-season vegetable. It belongs to the family Cucurbitaceae, which comprises approximately 125 genera and 960 species with a diploid chromosome number of 2n = 2x = 26 (Mukherjee et al., 2022). It originated in the subtropical Asian region, particularly India (Kalloo 1993). The major countries producing sponge gourd commercially are China, Korea, India, Japan and Central America (Dhillon et al., 2016). The crop is widely grown in Indian states of Uttar Pradesh, Bihar, West Bengal, Orissa, Assam, Andhra Pradesh and Kerala (Arya and Prakash, 2002). The crop is commonly cultivated as a mixed crop along riverbanks or as a sole crop under arable farming conditions. With 1.2 g protein, 0.2 g fat, 2.9 g carbs, and 0.20 g fiber per 100 g edible portion, tender fruits are high in nutrients and contain 93.2% of moisture. In addition, they have a higher protein and β-carotene content than ridge gourd and significant levels of riboflavin, niacin, calcium, phosphorus, and iron (More and Shinde, 2001). It can be used for lung problems, nephritis, dropsy, and chronic bronchitis due to its purgative properties (Partap et al., 2012). The tender fruits are commonly cultivated and used as a vegetable, while the mature fibrous fruits are used as natural loofahs in cleaning, filtration, and skincare applications (Kumar et al., 2013). Despite its nutritional, medicinal, and economic importance, sponge gourd has received limited attention in crop improvement programs, resulting in low productivity and limited availability of superior hybrids (Sindhu et al., 2025). Exploitation of heterosis through F1 hybrid breeding offers significant potential for improving yield, earliness, fruit quality, and stress tolerance in sponge gourd.
Material and Methods
The present study was conducted at the Vegetable Research Centre, G. B. Pant University of Agriculture and Technology, Pantnagar, Uttarakhand, during the summer season of 2025. The experimental material comprised nine lines, namely, Pusa Sneha, Kashi Shreya, Kashi Kalyani, RCSG - 2, and. These lines were crossed in a Line × Tester design with three testers namely, Kashi Divya, Swarna Prabha and Pant Chikni Torai -1, during the summer season of 2024. The resulting 27 F1 hybrids, along with twelve parents and one standard checks, were evaluated in a randomized block design with three replications, with a spacing of 2.5 × 1 m during the summer season of 2025. The observations were recorded on five randomly selected plants for, days to first male flower appearance, days to first female flower appearance, node number at which first male flower appear, node number at which first female flower appear, days to first fruit harvest, days to last harvest, vine length (m), number of primary branches, internodal length (cm), flesh thickness, number of fruits per vine, fruit yield per plant (kg). Heterosis was calculated as a percentage of F1 performance in the favourable direction over mid-parent, better parent and commercial check (Pusa Chikni).	Comment by Microsoft account: So what is the aim of this study?
Result and Discussion
In sponge gourd, earliness is a useful characteristic for realizing the potential economic yield in a short time. The characters such as days to first male flower and female flower appearance, node number at which first male and female flower appear, days to first fruit harvest and internodal length are considered as criteria for earliness and for these traits heterosis is desirable in negative direction and yield components greatly influence the yield and expression of heterosis for flesh thickness, number of fruits per vine and fruit yield per plant can greatly contribute for heterosis. Therefore, positive heterosis is required for these characteristics.
The cross Kashi Kalyani × Pant Chikni Torai-1 (-24.34%) exhibited the highest significant negative heterosis over mid-parent, the better parent (-27.03%) and the commercial check (-23.63 %) for days to first male flower appearance. Seven crosses showed significant negative heterosis over the mid-parent, and commercial check (Table 1), and a similar finding was also reported by Lakhnotra et al. (2019). For days to first female flower appearance, the highest significant negative heterosis over mid-parent, better parent and commercial check was observed in the cross Kashi Kalyani × Pant Chikni Torai-1 (-23.22%, -25.08% and -22.47%, respectively). Six crosses expressed significant negative heterosis over the mid-parent, better parent and commercial check, and these results are in agreement with the findings of Kumar and Pandit (2020), Kumar and Pandit (2022) and Khairiya et al. (2023). For the node number at which first male flower appears, the highest significant negative heterosis over mid-parent (-28.02%) and better parent (-34.12%) was observed in the cross PSG-2024-1 × Kashi Divya. Crosses such as Kashi Shreya × Pant Chikni Torai-1 (-28.15%), PSG-2024-4 × Swarna Prabha (-27.68%), Kashi Shreya × Kashi Divya (-25.89%) and PSG-2024-1 × Kashi Divya (-25.54%) also performed significantly better than checks. Negative heterosis with reference to the node number at which first male flower appears has also been reported by Lakhnotra et al. (2019). 
The cross Pusa Sneha × Swarna Prabha exhibited significant negative heterosis over mid-parent (-17.24%) and better parent (-28.14%). Crosses such as Pusa Sneha × Kashi Divya (-21.81%), Pusa Sneha × Swarna Prabha (-19.54%) and Kashi Shreya × Pant Chikni Torai-1 (-12.74%) also performed significantly better than the commercial check for node number at which first female flower appears, which was similar to the results by Chittora et al. (2018) in ridge gourd. The cross Kashi Shreya × Swarna Prabha showed a higher magnitude of negative and significant heterosis over mid-parent (-19.56%), better parent (-24.90%) and commercial check (-25.44%) for days to first fruit harvest. Five crosses were superior to the mid-parent, seven were superior to the better parent and the commercial check (Table 2). Similar results were documented by Reddy et al. (2019b) and Nikita et al. (2026) in sponge gourd and Bhumika et al. (2025) in ridge gourd. The cross PSG-2024-3 × Pant Chikni Torai-1 recorded the highest significant positive heterosis over the mid-parent (26.24%), better parent (24.06%) and over commercial check (19.20%) for days to last harvest, which were found to be similar to the results of Reddy et al. (2019b), Lakhnotra et al. (2019) and Nikita et al. (2026). Five crosses were superior to the mid-parent, two to the better parent and four to the commercial check. 
The highest significant positive heterosis was observed in PSG-2024-3 × Pant Chikni Torai-1 over mid-parent (56.68%) and better parent (53.23%). Over the commercial check, Pusa Sneha × Swarna Prabha expressed the highest significant positive heterosis (60.18% over the check) for vine length (Table 3). Thirteen crosses expressed significant positive heterosis over the mid-parent and commercial check, while eight crosses over the better parent and a similar trend of positive heterosis for this trait has been reported by Chauhan et al. (2018), Lakhnotra et al. (2019) and Kumar and Pandit (2020). For the number of primary branches, PSG-2024-4 × Kashi Divya recorded the strongest significant positive heterosis (111.32% over mid-parent and 94.91% over better parent). Crosses such as Kashi Shreya × Kashi Divya (58.23%), Kashi Shreya × Pant Chikni Torai-1 (37.31%) and PSG-2024-5 × Kashi Divya (35.76%) also performed significantly better than checks. Comparable results were noted earlier in sponge gourd by Chauhan et al. 2018, and in ridge gourd by Chittora et al. 2018. For internodal length, the highest significant negative heterosis over mid-parent (-22.99%) and better parent (-28.31%) was observed in the Kashi Kalyani × Swarna Prabha, and the cross Pusa Sneha × Kashi Divya exhibited the highest significant negative heterosis over the commercial check (-29.37%). Seven crosses were superior to the mid-parent, thirteen to the better parent and fourteen to the commercial check and negative heterosis with reference to internodal length was also reported by Reddy et al. (2019a) in sponge gourd and , and fourteen to the commercial check, and negative heterosis with reference to internodal length was also reported by Reddy et al. (2019a) in sponge gourd and by Chittora et al. (2018) and Nandhini et al. (2018) in ridge gourd.
The cross PSG-2024-3 × Swarna Prabha exhibited significant positive heterosis over mid-parent (28.98%) and better parent (20.53%) Crosses such as Pusa Sneha × Kashi Divya (17.49%), Kashi Kalyani × Pant Chikni Torai-1 (15.88%) and Kashi Shreya × Swarna Prabha (14.97%) also performed significantly better than check for flesh thickness which was found to be similar with the results by Reddy et al. (2019b). The highest significant positive heterosis over mid parent (42.71%) and commercial check (64.56%) was observed in the cross Pusa Sneha × Kashi Divya, and PSG-2024-1 × Pant Chikni Torai-1 exhibited the highest significant positive heterosis over the better parent (39.22%) for the number of fruits per vine. Seven crosses were superior to the mid-parent, four to the better parent and five to the commercial check (Table 4), and these results conform with the findings of Reddy et al. (2019), Kumar and Pandit (2020), Chauhan et al. (2023) and Nikita et al. (2026). The cross Pusa Sneha × Kashi Divya consistently recorded the highest significant positive heterosis over the mid-parent (78.68%), better parent (64.09%) and commercial check (112.28%) for fruit yield per plant. Nine crosses were superior to the mid-parent, five to the better parent and ten to the commercial check. These results are in close agreement with earlier reports in sponge gourd by Nikita et al. (2026) and in ridge gourd by Poshiya et al. (2015) and Wakale et al. (2018)
Table 1: Per cent heterosis over mid-parent (MP), better parent (BP) and the commercial checks (CC) for Flowering parameters in sponge gourd
	S. No.
	Crosses
	Days to first male flower
	Days to first female flower
	Node number at which first male flower appears

	
	
	MP
	BP 
	CC 
	MP
	BP
	CC
	MP
	BP
	CC

	1
	Pusa Sneha × Kashi Divya
	-16.09 **
	-17.71 **
	-19.81 **
	-10.80 *
	-11.23 *
	-14.23 **
	-14.17 **
	-23.97 **
	-7.50

	2
	Pusa Sneha × Swarna Prabha
	-5.63
	-8.47
	-8.77
	-2.77
	-4.42
	-5.33
	-5.40
	-22.50 **
	-5.71

	3
	Pusa Sneha × Pant Chikni Torai-1
	0.82
	-4.48
	-0.03
	-1.83
	-5.53
	-2.24
	-3.75
	-10.76 *
	8.57

	4
	Kashi Shreya × Kashi Divya
	-13.68 **
	-14.60 **
	-16.78 **
	-8.84 *
	-11.23 *
	-14.23 **
	-13.15 *
	-21.05 **
	-25.89 **

	5
	Kashi Shreya × Swarna Prabha
	-15.46 **
	-17.29 **
	-17.57 **
	-18.01 **
	-21.11 **
	-21.87 **
	-0.12
	-0.69
	-22.86 **

	6
	Kashi Shreya × Pant Chikni Torai-1
	-10.71 *
	-14.68 **
	-10.70 *
	-8.88 *
	-14.13 **
	-11.14 *
	-20.49 **
	-30.87 **
	-28.15 **

	7
	Kashi Kalyani × Kashi Divya
	5.33
	5.21
	2.52
	5.11
	4.12
	2.53
	-6.06
	-6.59
	-12.32 *

	8
	Kashi Kalyani × Swarna Prabha
	-8.92 *
	-10.04 *
	-10.34 *
	-7.32
	-7.58
	-8.47
	-11.38
	-18.60 **
	-24.46 **

	9
	Kashi Kalyani × Pant Chikni Torai-1
	-24.34 **
	-27.03 **
	-23.63 **
	-23.22 **
	-25.08 **
	-22.47 **
	-15.22 **
	-19.76 **
	-16.61 **

	10
	RCSG-2 × Kashi Divya
	-2.63
	-6.68
	-0.80
	0.06
	-3.17
	0.02
	2.54
	-2.94
	2.02

	11
	RCSG-2 × Swarna Prabha
	7.52
	4.16
	10.73 *
	6.03
	3.85
	7.28
	38.72 **
	20.61 **
	26.79 **

	12
	RCSG-2 × Pant Chikni Torai-1
	-7.75
	-8.47
	-2.70
	-7.21
	-7.29
	-4.06
	-4.33
	-4.87
	0.00

	13
	PSG-2024-1 × Kashi Divya
	-5.89
	-10.62 *
	-3.16
	-3.49
	-7.26
	-2.81
	-28.02 **
	-34.12 **
	-25.54 **

	14
	PSG-2024-1 × Swarna Prabha
	-1.57
	-5.51
	2.37
	0.17
	-2.58
	2.09
	17.10 **
	-1.21
	11.67

	15
	PSG-2024-1 × Pant Chikni Torai-1
	6.10
	4.29
	12.99 **
	5.50
	4.84
	9.86 *
	22.96 **
	18.01 **
	33.39 **

	16
	PSG-2024-2 × Kashi Divya
	7.09
	6.05
	5.39
	4.88
	4.10
	2.10
	-22.88 **
	-28.64 **
	-21.25 **

	17
	PSG-2024-2 × Swarna Prabha
	-12.79 **
	-12.92 **
	-13.21 **
	-13.15 **
	-13.57 **
	-14.39 **
	54.29 **
	31.45 **
	45.06 **

	18
	PSG-2024-2 × Pant Chikni Torai-1
	-6.93
	-9.28 *
	-5.05
	-3.22
	-5.74
	-2.46
	-14.00 **
	-16.50 **
	-7.86

	19
	PSG-2024-3 × Kashi Divya
	-0.75
	-6.06
	2.51
	0.54
	-4.48
	2.52
	13.36 *
	10.17
	9.58

	20
	PSG-2024-3 × Swarna Prabha
	4.89
	0.34
	9.49
	1.07
	-2.83
	4.30
	-9.68
	-19.57 **
	-20.00 **

	21
	PSG-2024-3 × Pant Chikni Torai-1
	10.68 **
	8.41
	18.30 **
	8.45 *
	6.51
	14.32 **
	12.55 *
	10.14
	14.46 *

	22
	PSG-2024-4 × Kashi Divya
	13.08 **
	6.33
	17.68 **
	13.06 **
	6.11
	16.89 **
	22.42 **
	15.47 *
	8.39

	23
	PSG-2024-4 × Swarna Prabha
	0.69
	-4.32
	5.90
	-0.51
	-5.53
	4.07
	-10.10
	-13.09
	-27.68 **

	24
	PSG-2024-4 × Pant Chikni Torai-1
	3.13
	0.33
	11.04 *
	2.79
	-0.32
	9.81 *
	0.57
	-9.45
	-5.89

	25
	PSG-2024-5 × Kashi Divya
	1.42
	-1.81
	2.20
	5.13
	2.21
	4.57
	-2.69
	-4.07
	-7.32

	26
	PSG-2024-5 × Swarna Prabha
	5.27
	3.04
	7.24
	3.44
	1.79
	4.14
	52.05 **
	37.15 **
	32.50 **

	27
	PSG-2024-5 × Pant Chikni Torai-1
	-4.78
	-5.05
	-0.62
	-2.19
	-2.74
	0.65
	3.47
	-0.17
	3.75

	Range
	-24.34 to 13.08
	-27.03 to 8.41
	-23.63 to 18.30
	-23.22 to 13.06
	-25.08 to 6.51
	-22.47 to 16.89
	-28.02 to 54.29
	-34.12 to 37.15
	-28.15 to 45.06


*, ** Significant at 5% and 1% levels, respectively. MB – Mid Parent, BP – Better Parent and commercial check (Pusa Chikni)

Table 2: Per cent heterosis over mid-parent (MP), better parent (BP) and the commercial checks (CC) for Flowering and yield parameters in sponge gourd
	S. No.
	Crosses
	Node number at which first female flower appears
	Days to first harvest
	Days to last harvest

	
	
	MP
	BP
	CC
	MP
	BP
	CC
	MP
	BP
	CC

	1
	Pusa Sneha × Kashi Divya
	-9.76
	-13.92 *
	-21.81 **
	-9.55 *
	-10.73 *
	-16.04 **
	2.12
	-1.17
	4.79

	2
	Pusa Sneha × Swarna Prabha
	-17.24 **
	-28.14 **
	-19.54 **
	-5.54
	-9.20 *
	-9.84 *
	-13.38 **
	-14.16 **
	-8.98

	3
	Pusa Sneha × Pant Chikni Torai-1
	5.75
	-1.01
	-6.39
	0.04
	-3.12
	-5.27
	9.61 *
	2.76
	8.95

	4
	Kashi Shreya × Kashi Divya
	19.10 **
	18.56 **
	7.69
	-9.00 *
	-12.85 **
	-18.03 **
	10.26 *
	7.15
	12.63 *

	5
	Kashi Shreya × Swarna Prabha
	-0.63
	-10.38 *
	0.35
	-19.56 **
	-24.90 **
	-25.44 **
	-7.92
	-8.35
	-3.68

	6
	Kashi Shreya × Pant Chikni Torai-1
	-5.45
	-7.73
	-12.74 *
	-7.54
	-13.05 **
	-14.99 **
	9.05
	2.65
	7.90

	7
	Kashi Kalyani × Kashi Divya
	14.02 **
	6.22
	11.78 *
	2.94
	2.60
	-3.51
	7.74
	7.61
	6.73

	8
	Kashi Kalyani × Swarna Prabha
	-4.25
	-7.13
	3.99
	-2.45
	-5.33
	-6.00
	12.31 *
	9.51
	14.03 *

	9
	Kashi Kalyani × Pant Chikni Torai-1
	0.96
	-4.16
	0.86
	-18.24 **
	-20.06 **
	-21.84 **
	-4.58
	-7.56
	-8.53

	10
	RCSG-2 × Kashi Divya
	-0.22
	-9.80
	1.40
	1.21
	-0.85
	-2.79
	6.89
	4.36
	3.51

	11
	RCSG-2 × Swarna Prabha
	8.65
	8.44
	21.90 **
	2.06
	1.42
	0.70
	7.05
	2.10
	6.31

	12
	RCSG-2 × Pant Chikni Torai-1
	4.12
	-4.15
	7.76
	-7.62
	-7.75
	-9.55 *
	7.77
	6.80
	0.91

	13
	PSG-2024-1 × Kashi Divya
	0.17
	-1.56
	-7.38
	-4.66
	-6.95
	-8.07
	-3.12
	-5.23
	-1.72

	14
	PSG-2024-1 × Swarna Prabha
	9.36
	0.63
	12.68 *
	-3.87
	-4.11
	-4.79
	-0.23
	-0.43
	3.68

	15
	PSG-2024-1 × Pant Chikni Torai-1
	7.33
	7.06
	1.25
	8.39 *
	7.83
	6.53
	8.63
	2.90
	6.72

	16
	PSG-2024-2 × Kashi Divya
	-9.33
	-15.53 **
	-11.11
	2.61
	1.52
	-2.45
	5.83
	4.94
	4.09

	17
	PSG-2024-2 × Swarna Prabha
	-1.16
	-4.13
	7.34
	-14.50 **
	-15.88 **
	-16.48 **
	0.33
	-2.86
	1.15

	18
	PSG-2024-2 × Pant Chikni Torai-1
	19.78 **
	13.71 *
	19.67 **
	-0.11
	-0.97
	-3.18
	8.32
	5.69
	3.06

	19
	PSG-2024-3 × Kashi Divya
	-5.30
	-17.83 **
	1.50
	-4.23
	-7.46
	-6.67
	4.45
	2.82
	1.98

	20
	PSG-2024-3 × Swarna Prabha
	-16.19 **
	-20.11 **
	-1.31
	-4.89
	-5.63
	-4.82
	0.48
	-3.40
	0.59

	21
	PSG-2024-3 × Pant Chikni Torai-1
	14.04 **
	0.67
	24.36 **
	13.15 **
	11.42 *
	12.37 **
	26.24 **
	24.06 **
	19.20 **

	22
	PSG-2024-4 × Kashi Divya
	-8.41
	-19.52 **
	-3.48
	15.34 **
	10.23 *
	13.76 **
	21.95 **
	16.79 **
	15.84 **

	23
	PSG-2024-4 × Swarna Prabha
	1.86
	-1.52
	18.10 **
	-3.21
	-5.04
	-2.00
	-4.95
	-11.03 *
	-7.36

	24
	PSG-2024-4 × Pant Chikni Torai-1
	-5.66
	-15.63 **
	1.18
	2.04
	-0.65
	2.54
	8.40
	7.24
	-0.51

	25
	PSG-2024-5 × Kashi Divya
	7.81
	-2.69
	9.77
	4.88
	2.48
	0.99
	1.87
	1.30
	1.61

	26
	PSG-2024-5 × Swarna Prabha
	3.30
	2.92
	16.09 **
	-2.42
	-2.79
	-3.48
	0.89
	-0.96
	3.12

	27
	PSG-2024-5 × Pant Chikni Torai-1
	-3.03
	-10.87 *
	0.54
	-4.50
	-4.87
	-6.26
	1.66
	-2.16
	-1.86

	Range
	-17.24 to 19.78
	-28.14 to 18.56
	-21.81 to 24.36 
	-19.56 to 15.34
	-24.90 to 11.42
	-25.44 to 13.76
	 -13.38 to 26.24
	-14.16 to 24.06
	-8.98 to 19.20


*, ** Significant at 5% and 1% levels, respectively. MB – Mid Parent, BP – Better Parent and commercial check (Pusa Chikni)


Table 3: Percent heterosis over mid-parent (MP), better parent (BP) and commercial check (CC) for growth parameters in sponge gourd 
	S. No.
	Crosses
	Vine Length (m)
	Number of Primary branches
	Internodal Length (cm)

	
	
	MP
	BP
	CC
	MP
	BP
	CC
	MP
	BP
	CC

	1
	Pusa Sneha × Kashi Divya
	31.61 **
	16.72 *
	23.13 **
	12.72
	-9.05
	-19.81 **
	-5.54
	-7.85
	-29.37 **

	2
	Pusa Sneha × Swarna Prabha
	45.87 **
	40.35 **
	60.18 **
	38.48 **
	36.87 **
	20.67 **
	6.94
	-5.73
	-5.30

	3
	Pusa Sneha × Pant Chikni Torai-1
	39.63 **
	21.51 **
	28.18 **
	60.89 **
	40.47 **
	23.84 **
	0.23
	-3.87
	-19.76 **

	4
	Kashi Shreya × Kashi Divya
	12.94
	6.89
	-2.27
	51.29 **
	2.05
	58.23 **
	21.85 **
	7.25
	2.84

	5
	Kashi Shreya × Swarna Prabha
	-27.99 **
	-35.15 **
	-25.99 **
	-10.81 *
	-30.64 **
	7.55
	-14.77 **
	-16.71 **
	-16.33 **

	6
	Kashi Shreya × Pant Chikni Torai-1
	26.08 **
	16.89 *
	6.88
	24.35 **
	-11.45 *
	37.31 **
	4.51
	-2.26
	-6.28

	7
	Kashi Kalyani × Kashi Divya
	34.13 **
	6.23
	48.46 **
	56.73 **
	47.62 **
	-9.61
	22.51 **
	12.83 *
	-2.30

	8
	Kashi Kalyani × Swarna Prabha
	-9.52 *
	-17.81 **
	14.86 *
	28.64 **
	10.06
	-5.23
	-22.99 **
	-28.31 **
	-27.98 **

	9
	Kashi Kalyani × Pant Chikni Torai-1
	26.28 **
	-1.57
	37.55 **
	71.37 **
	65.45 **
	8.83
	-14.66 **
	-16.20 **
	-27.43 **

	10
	RCSG-2 × Kashi Divya
	-5.39
	-5.94
	-22.33 **
	67.42 **
	39.14 **
	13.72
	2.01
	-3.48
	-21.16 **

	11
	RCSG-2 × Swarna Prabha
	38.59 **
	19.44 **
	36.31 **
	19.67 *
	16.63
	0.43
	-2.48
	-11.60 *
	-11.19 *

	12
	RCSG-2 × Pant Chikni Torai-1
	-12.71
	-15.07
	-29.87 **
	49.07 **
	34.52 **
	9.95
	-5.58
	-6.59
	-22.04 **

	13
	PSG-2024-1 × Kashi Divya
	-10.52
	-22.79 **
	-13.18
	54.89 **
	51.82 **
	-17.84 *
	-8.75
	-22.85 **
	-18.60 **

	14
	PSG-2024-1 × Swarna Prabha
	-15.15 **
	-15.78 *
	-3.88
	-2.48
	-21.81 *
	-32.68 **
	2.12
	-0.32
	5.17

	15
	PSG-2024-1 × Pant Chikni Torai-1
	22.78 **
	4.04
	16.98 *
	82.52 **
	63.36 **
	7.46
	-3.05
	-13.17 **
	-8.40

	16
	PSG-2024-2 × Kashi Divya
	3.33
	-18.81 **
	15.96 *
	22.70 *
	0.82
	-15.18 *
	6.21
	-3.72
	-13.67 *

	17
	PSG-2024-2 × Swarna Prabha
	11.17 *
	0.00
	42.83 **
	43.98 **
	42.33 **
	22.56 **
	-15.11 **
	-19.67 **
	-19.30 **

	18
	PSG-2024-2 × Pant Chikni Torai-1
	-25.71 **
	-42.54 **
	-17.94 *
	11.33
	-0.82
	-16.55 *
	-11.70 *
	-14.75 *
	-23.56 **

	19
	PSG-2024-3 × Kashi Divya
	8.10
	3.50
	-15.52 *
	77.03 **
	47.06 **
	20.33 **
	-6.26
	-18.84 **
	-19.12 **

	20
	PSG-2024-3 × Swarna Prabha
	-27.26 **
	-39.83 **
	-31.33 **
	36.57 **
	33.17 **
	14.67 *
	-12.90 **
	-13.24 *
	-12.84 *

	21
	PSG-2024-3 × Pant Chikni Torai-1
	56.68 **
	53.23 **
	19.69 **
	-21.67 *
	-29.35 **
	-42.20 **
	1.09
	-7.13
	-7.44

	22
	PSG-2024-4 × Kashi Divya
	13.83 *
	-5.56
	16.91 *
	111.32 **
	94.91 **
	24.87 **
	15.21 **
	-2.43
	2.53

	23
	PSG-2024-4 × Swarna Prabha
	-31.26 **
	-33.94 **
	-18.23 *
	-23.47 **
	-33.27 **
	-42.54 **
	-12.55 **
	-14.48 **
	-10.13

	24
	PSG-2024-4 × Pant Chikni Torai-1
	-0.87
	-19.16 **
	0.07
	27.34 **
	25.68 *
	-17.32 *
	6.32
	-4.62
	0.23

	25
	PSG-2024-5 × Kashi Divya
	54.78 **
	45.20 **
	18.52 **
	68.23 **
	26.54 **
	35.76 **
	-2.80
	-20.95 **
	-8.01

	26
	PSG-2024-5 × Swarna Prabha
	-22.95 **
	-37.33 **
	-28.48 **
	-8.29
	-17.35 *
	-11.32
	1.52
	-5.42
	10.07

	27
	PSG-2024-5 × Pant Chikni Torai-1
	39.92 **
	34.02 **
	4.69
	49.45 **
	20.54 **
	29.33 **
	3.13
	-11.45 *
	3.05

	Range
	-31.26 to 56.68
	-42.54 to 53.23
	-31.33 to 60.18
	-23.47 to 111.32
	 -33.27 to 94.91
	 -42.54 to 58.23
	-22.99 to 22.51
	-28.31 to 12.83
	-29.37 to 10.07


*, ** Significant at 5% and 1% levels, respectively. MB – Mid Parent, BP – Better Parent and commercial check (Pusa Chikni)




Table 4: Percent heterosis over mid-parent (MP), better parent (BP) and commercial check (CC) for yield parameters in sponge gourd 
	S. No.
	Crosses
	Flesh Thickness (cm)
	Number of Fruits per vine
	Fruit Yield per Plant (kg)

	
	
	MP
	BP
	CC
	MP
	BP
	CC
	MP
	BP
	CC

	1
	Pusa Sneha × Kashi Divya
	17.77 **
	14.49 **
	17.49 **
	42.72 **
	37.82 **
	64.56 **
	78.68 **
	64.09 **
	112.28 **

	2
	Pusa Sneha × Swarna Prabha
	-6.51
	-13.50 *
	-11.23 *
	-14.59 *
	-16.27 *
	-6.89
	18.26 **
	-2.97
	25.53 **

	3
	Pusa Sneha × Pant Chikni Torai-1
	13.78 **
	6.46
	9.25
	24.65 **
	8.43
	20.57 **
	24.42 **
	6.97
	38.39 **

	4
	Kashi Shreya × Kashi Divya
	-1.36
	-1.93
	-4.97
	-0.96
	-6.42
	11.73
	10.83
	-0.56
	35.51 **

	5
	Kashi Shreya × Swarna Prabha
	25.62 **
	20.04 **
	14.97 **
	27.61 **
	27.25 **
	35.95 **
	29.95 **
	4.51
	42.42 **

	6
	Kashi Shreya × Pant Chikni Torai-1
	9.85
	6.20
	1.71
	4.02
	-7.72
	-1.97
	9.79
	-7.61
	25.91 **

	7
	Kashi Kalyani × Kashi Divya
	-6.62
	-13.64 **
	-1.50
	-17.56 **
	-27.62 **
	-13.58
	-16.55 *
	-18.62 *
	-11.90

	8
	Kashi Kalyani × Swarna Prabha
	8.63
	-4.13
	9.36
	-5.01
	-12.39
	-6.40
	22.93 **
	11.01
	14.20

	9
	Kashi Kalyani × Pant Chikni Torai-1
	13.90 **
	1.59
	15.88 **
	19.79 **
	14.49
	3.31
	27.52 **
	21.46 **
	24.95 **

	10
	RCSG-2 × Kashi Divya
	-10.64
	-21.19 **
	-23.64 **
	-21.23 **
	-34.01 **
	-21.20 **
	-18.05 *
	-23.94 **
	-17.66 *

	11
	RCSG-2 × Swarna Prabha
	25.33 **
	15.81 *
	1.07
	22.71 **
	7.68
	15.04 *
	49.95 **
	42.03 **
	31.67 **

	12
	RCSG-2 × Pant Chikni Torai-1
	21.53 **
	11.06
	-0.70
	1.96
	0.98
	-16.94 *
	4.55
	4.33
	-2.88

	13
	PSG-2024-1 × Kashi Divya
	11.14 *
	5.74
	2.46
	-16.52 **
	-29.28 **
	-15.56 *
	-6.19
	-14.01
	-6.91

	14
	PSG-2024-1 × Swarna Prabha
	3.92
	3.79
	-9.20
	-16.51 *
	-25.86 **
	-20.79 **
	0.67
	-3.40
	-12.86

	15
	PSG-2024-1 × Pant Chikni Torai-1
	-13.97 **
	-14.89 *
	-23.90 **
	39.78 **
	39.22 **
	15.43 *
	49.32 **
	47.01 **
	36.85 **

	16
	PSG-2024-2 × Kashi Divya
	-27.53 **
	-30.91 **
	-33.05 **
	2.69
	-15.49 *
	0.90
	-4.75
	-12.94
	-5.76

	17
	PSG-2024-2 × Swarna Prabha
	11.76 *
	11.38
	-2.14
	-14.54 *
	-26.43 **
	-21.40 **
	-3.45
	-7.07
	-16.70 *

	18
	PSG-2024-2 × Pant Chikni Torai-1
	1.54
	0.66
	-10.00
	-14.56
	-17.22 *
	-31.91 **
	-19.75 *
	-21.24 *
	-26.68 **

	19
	PSG-2024-3 × Kashi Divya
	3.10
	-8.11
	-10.96 *
	-21.82 **
	-36.51 **
	-24.20 **
	-8.73
	-22.16 **
	-15.74

	20
	PSG-2024-3 × Swarna Prabha
	28.98 **
	20.53 **
	5.19
	-23.81 **
	-35.34 **
	-30.92 **
	-0.72
	-4.63
	-20.92 *

	21
	PSG-2024-3 × Pant Chikni Torai-1
	19.94 **
	10.83
	-0.91
	37.11 **
	30.66 **
	7.47
	43.37 **
	30.52 **
	21.50 *

	22
	PSG-2024-4 × Kashi Divya
	-2.64
	-6.29
	-9.20
	-32.13 **
	-48.13 **
	-38.07 **
	-26.36 **
	-40.07 **
	-35.12 **

	23
	PSG-2024-4 × Swarna Prabha
	-1.57
	-2.86
	-12.94 *
	9.55
	-12.87
	-6.91
	17.30
	6.71
	-11.52

	24
	PSG-2024-4 × Pant Chikni Torai-1
	0.72
	0.60
	-9.84
	-4.10
	-15.27
	-30.31 **
	-7.99
	-20.41 *
	-25.91 **

	25
	PSG-2024-5 × Kashi Divya
	-7.25
	-12.09 *
	-14.81 **
	-10.12
	-27.09 **
	-12.95
	-6.37
	-19.15 *
	-12.48

	26
	PSG-2024-5 × Swarna Prabha
	1.01
	0.74
	-12.09 *
	11.33
	-5.63
	0.83
	-1.43
	-3.94
	-20.35 *

	27
	PSG-2024-5 × Pant Chikni Torai-1
	16.30 **
	14.59 *
	2.46
	8.19
	2.96
	-15.31 *
	-11.73
	-18.56 *
	-24.18 **

	Range
	-27.53 to 28.98
	-30.91 to 20.53
	-33.05 to 17.49
	-32.13 to 42.72
	-48.13 to 39.22
	-38.07 to 64.56
	-26.36 to 78.68
	-40.07 to 64.09
	-35.12 to 112.28


*, ** Significant at 5% and 1% levels, respectively. MB – Mid Parent, BP – Better Parent and commercial check (Pusa Chikni)


Conclusion
The best heterotic cross for fruit yield per plant was Pusa Sneha × Kashi Divya. High magnitude of heterosis observed in this cross for fruit yield can be attributed to significant heterosis over mid-parent, better parent and commercial check in the desirable direction for yield attributing traits viz., days to first male and female flower, vine length, internodal length, flesh thickness, number of fruits per vine and fruit yield per plant. The second-best cross, Kashi Shreya × Swarna Prabha, recorded significant heterosis over the commercial check for days to first male and female flower, days to first harvest, number of fruits per vine and fruit yield per plant. The third-best cross Kashi Kalyani × Pant Chikni Torai-1, showed notable heterosis and superiority in terms of early flowering.
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