
Heterosis for yield and its contributing traits in sponge gourd (Luffa cylindrica (L.) Roem.)


ABSTRACT
Sponge gourd [Luffa cylindrica (L.) Roem.] is an important cucurbitaceous vegetable crop cultivated worldwide during the summer and rainy seasons. The crop exhibits considerable genetic variability for growth, flowering, yield, and fruit quality traits, providing substantial scope for genetic improvement through breeding. The development of high-yielding and early-maturing hybrids using diverse parental lines is considered an effective strategy for enhancing productivity and meeting the increasing demand for this crop. An experiment was conducted to estimate heterosis for the 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, three testers, and one commercial check, were evaluated in a randomized block design with three replications during summer 2025 at Vegetable Research Centre, G. B. Pant University of Agriculture and Technology, Pantnagar, Uttarakhand. Heterosis was calculated from the mean values of the F1 hybrids across 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, and number of fruits per vine. 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. 
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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 worldwide 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 vegetables, while the mature fibrous fruits are used as natural loofahs for 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. Although several studies have reported heterosis for yield and yield-related traits in sponge gourd, limited information is available on the heterotic performance of diverse parental lines and their cross combinations. Furthermore, the identification of superior hybrids combining earliness and high yield remains an important research need. Therefore, the present study was undertaken to estimate heterosis and identify promising hybrid combinations for yield and related traits in sponge gourd. 
Material and Methods
The experimental material for the present study comprised nine lines, namely, Pusa Sneha, Kashi Shreya, Kashi Kalyani, RCSG-2, PSG-2024-1, PSG-2024-2, PSG-2024-3, PSG-2024-4, and PSG-2024-5. 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 check (Pusa Chikni), were evaluated in a randomized block design with three replications, with a spacing of 2.5 × 1 m at the Vegetable Research Centre, G. B. Pant University of Agriculture and Technology, Pantnagar, Uttarakhand, 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 (cm), 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.
Result and Discussion
Analysis of variance 
The analysis of variance showed that the mean squares due to genotypic differences were significant for all characters, indicating that the experimental material had sufficient genetic diversity for all characters (Table 1). The variance due to parents vs. crosses was highly significant for all characters except node number at which the first male and female flower appear and days to first fruit harvest, indicating the presence of heterosis for yield and its contributing traits. Significant differences were observed among the crosses and Line × tester for all the characters. The mean performance of parents and hybrids for different traits is presented in Table 2.

In sponge gourd, earliness is a useful characteristic for realizing the potential economic yield in a short time. The traits 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 a negative direction, while for the rest of the other traits, it is desirable in a positive direction. 
The cross Kashi Kalyani × Pant Chikni Torai-1 exhibited the highest significant negative heterosis over mid-parent, better parent, and the commercial check for days to first male flower appearance (-24.34%, -27.03%, and -23.63%) and days to first female flower appearance (-23.22%, -25.08% and -22.47%, respectively).  Seven crosses showed significant negative heterosis over the mid-parent, and commercial check for days to first male flower appearance (Table 3), and a similar finding was also reported by Lakhnotra et al. (2019). Six crosses exhibited significant negative heterosis over the mid-parent, better parent and commercial check, for days to first female flower appearance and these results are consistent 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, 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 check. 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. A lower node position for the first female flower is a reliable indicator of genetic earliness. 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 4). 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). 
Over the commercial check, Pusa Sneha × Swarna Prabha expressed the highest significant positive heterosis (60.18% over the check) for vine length (Table 5). Thirteen crosses expressed significant positive heterosis over the mid-parent and commercial check, while eight crosses over the better parent and a similar 

Table 1: Analysis of variance (mean sum of squares) of parents, hybrids and line × tester analysis for various traits in sponge gourd
	S. No.
	Characters
	Replication
	Genotypes
	Parents
	Crosses
	Parents vs Cross
	Lines
	Testers
	Line × Testers

	Error

	
	df
	2
	38
	11
	26
	1
	8
	2
	16
	76

	1
	DFM
	1.560
	44.151**
	14.804**
	56.914**
	35.138**
	117.617*
	2.497
	33.365**
	4.431

	2
	DFF
	5.368
	40.571**
	14.430**
	52.295**
	23.295*
	110.693**
	10.489
	28.322**
	4.749

	3
	NFMF
	0.123
	3.230**
	1.843**
	3.941**
	0.003
	4.430
	2.766
	3.844**
	0.147

	4
	NFFF
	0.673
	4.730**
	5.552**
	4.561**
	0.058
	6.260
	4.798
	3.683**
	0.610

	5
	DFH
	11.289
	54.984**
	17.817*
	71.513**
	34.063
	128.364*
	30.045
	48.270**
	8.888

	6
	DLH
	24.779
	127.957**
	72.263
	138.503**
	466.401**
	33.360
	137.656
	191.179**
	41.064

	7
	VL
	0.104
	4.033**
	3.948**
	4.170**
	1.407**
	5.718
	0.111
	3.903**
	0.123

	8
	NPB
	0.089
	3.453**
	3.597**
	2.817**
	18.401**
	3.159
	1.717
	2.784**
	0.104

	9
	IL
	0.418
	6.824**
	8.626**
	6.046**
	7.225**
	9.411
	0.881
	5.009**
	0.805

	10
	FT
	0.040
	1.678**
	1.378**
	1.767**
	2.662**
	2.309
	1.642
	1.511**
	0.142

	11
	NFV
	0.632
	25.249**
	17.509**
	28.897**
	15.553**
	43.913
	0.121
	24.985**
	1.228

	12
	FYP
	0.023
	0.771**
	0.384**
	0.938**
	0.685**
	1.957*
	0.035
	0.541**
	0.027


*, ** Significant at 5% and 1% levels, respectively. DFM: Days to first male flower appearance, DFF: Days to first female flower appearance, NFMF: Node number at which first male flower appear, NFFF: Node number at which first female flower appear, DFH: Days to first fruit harvest, DLH: Days to last harvest, VL: Vine length (m), NPB: Number of primary branches, IL: Internodal length (cm), FT: Flesh thickness (cm), NFV: Number of fruits per vine, and FYP: Fruit yield per plant (kg)
Table 2: Mean performance of parents and crosses for different traits in sponge gourd

	Parents/ Hybrids
	DFM
	DFF
	NFMF
	NFFF
	DFH
	DLH
	VL
	NPB
	IL
	FT
	NFV
	FYP

	Pusa Sneha
	36.12
	39.70
	6.81
	8.61
	48.51
	104.24
	4.80
	3.42
	9.89
	6.39
	15.22
	2.24

	Kashi Shreya
	36.77
	37.98
	4.30
	9.39
	45.60
	103.33
	4.16
	6.02
	12.37
	5.97
	14.54
	2.36

	Kashi Kalyani
	37.48
	40.86
	5.19
	10.98
	49.48
	97.27
	6.36
	2.38
	11.17
	7.11
	12.35
	1.77

	RCSG-2
	40.99
	42.86
	5.88
	11.73
	51.92
	92.89
	3.76
	3.17
	10.54
	4.61
	11.04
	1.61

	PSG-2024-1
	41.77
	43.48
	6.33
	9.82
	52.32
	101.96
	5.12
	2.02
	13.61
	5.45
	11.35
	1.56

	PSG-2024-2
	38.32
	40.70
	6.18
	10.97
	50.89
	95.87
	6.50
	3.27
	11.57
	5.47
	10.56
	1.55

	PSG-2024-3
	42.07
	44.54
	5.57
	12.89
	53.41
	94.46
	3.40
	3.18
	12.86
	4.72
	10.20
	1.32

	PSG-2024-4
	42.67
	45.71
	4.66
	12.52
	54.66
	89.26
	5.63
	2.40
	13.56
	5.58
	8.64
	1.18

	PSG-2024-5
	40.13
	42.45
	5.41
	11.77
	52.19
	98.61
	3.25
	4.17
	15.01
	5.41
	10.17
	1.36

	Kashi Divya
	37.57
	40.09
	5.25
	9.48
	49.81
	97.52
	3.77
	2.10
	9.40
	6.04
	16.35
	1.88

	Swarna Prabha
	38.43
	41.10
	4.35
	11.69
	52.58
	102.37
	5.19
	3.34
	12.96
	5.44
	14.63
	1.44

	Pant Chikni Torai-1
	40.35
	42.94
	5.82
	9.87
	51.78
	91.21
	3.55
	2.55
	10.77
	5.57
	11.26
	1.61

	Pusa Chikni
	38.56
	41.49
	5.60
	10.44
	52.96
	98.31
	4.55
	3.88
	12.90
	6.23
	13.69
	1.73

	Pusa Sneha × Kashi Divya
	30.92
	35.59
	5.18
	8.16
	44.47
	103.02
	5.60
	3.11
	9.11
	7.32
	22.53
	3.68

	Pusa Sneha × Swarna Prabha
	35.17
	39.28
	5.28
	8.40
	47.75
	89.49
	7.29
	4.69
	12.22
	5.53
	12.75
	2.18

	Pusa Sneha × Pant Chikni Torai-1
	38.55
	40.56
	6.08
	9.77
	50.17
	107.12
	5.83
	4.81
	10.35
	6.81
	16.51
	2.40

	Kashi Shreya × Kashi Divya
	32.09
	35.59
	4.15
	11.24
	43.41
	110.73
	4.45
	6.15
	13.27
	5.92
	15.30
	2.35

	Kashi Shreya × Swarna Prabha
	31.78
	32.42
	4.32
	10.47
	39.49
	94.70
	3.37
	4.18
	10.79
	7.16
	18.61
	2.47

	Kashi Shreya × Pant Chikni Torai-1
	34.43
	36.87
	4.02
	9.11
	45.02
	106.08
	4.86
	5.33
	12.09
	6.34
	13.42
	2.18

	Kashi Kalyani × Kashi Divya
	39.53
	42.54
	4.91
	11.67
	51.10
	104.93
	6.76
	3.51
	12.60
	6.14
	11.83
	1.53

	Kashi Kalyani × Swarna Prabha
	34.57
	37.98
	4.23
	10.85
	49.78
	112.11
	5.23
	3.68
	9.29
	6.81
	12.81
	1.98

	Kashi Kalyani × Pant Chikni Torai-1
	29.45
	32.17
	4.67
	10.53
	41.39
	89.92
	6.26
	4.23
	9.36
	7.22
	14.14
	2.17

	RCSG-2 × Kashi Divya
	38.25
	41.50
	5.71
	10.58
	51.48
	101.77
	3.53
	4.42
	10.17
	4.76
	10.79
	1.43

	RCSG-2 × Swarna Prabha
	42.69
	44.51
	7.10
	12.72
	53.33
	104.51
	6.20
	3.90
	11.46
	6.30
	15.75
	2.28

	RCSG-2 × Pant Chikni Torai-1
	37.52
	39.81
	5.60
	11.25
	47.90
	99.21
	3.19
	4.27
	10.06
	6.19
	11.37
	1.68

	PSG-2024-1 × Kashi Divya
	37.34
	40.33
	4.17
	9.67
	48.69
	96.62
	3.95
	3.19
	10.50
	6.38
	11.56
	1.61

	PSG-2024-1 × Swarna Prabha
	39.47
	42.36
	6.25
	11.76
	50.47
	101.93
	4.37
	2.61
	13.57
	5.66
	10.84
	1.51

	PSG-2024-1 × Pant Chikni Torai-1
	43.57
	45.59
	7.47
	10.57
	56.42
	104.92
	5.32
	4.17
	11.82
	4.74
	15.80
	2.37

	PSG-2024-2 × Kashi Divya
	40.64
	42.36
	4.41
	9.28
	51.66
	102.33
	5.28
	3.29
	11.14
	4.17
	13.81
	1.63

	PSG-2024-2 × Swarna Prabha
	33.46
	35.52
	8.12
	11.20
	44.23
	99.44
	6.50
	4.76
	10.41
	6.10
	10.76
	1.44

	PSG-2024-2 × Pant Chikni Torai-1
	36.61
	40.47
	5.16
	12.49
	51.28
	101.32
	3.73
	3.24
	9.86
	5.61
	9.32
	1.27

	PSG-2024-3 × Kashi Divya
	39.52
	42.54
	6.13
	10.59
	49.43
	100.26
	3.84
	4.67
	10.43
	5.55
	10.38
	1.46

	PSG-2024-3 × Swarna Prabha
	42.22
	43.28
	4.48
	10.30
	50.41
	98.89
	3.12
	4.45
	11.24
	6.55
	9.46
	1.37

	PSG-2024-3 × Pant Chikni Torai-1
	45.61
	47.44
	6.41
	12.98
	59.51
	117.19
	5.45
	2.24
	11.94
	6.17
	14.71
	2.11

	PSG-2024-4 × Kashi Divya
	45.37
	48.50
	6.07
	10.07
	60.25
	113.89
	5.32
	4.85
	13.23
	5.66
	8.48
	1.12

	PSG-2024-4 × Swarna Prabha
	40.83
	43.18
	4.05
	12.33
	51.90
	91.07
	3.72
	2.23
	11.59
	5.42
	12.74
	1.53

	PSG-2024-4 × Pant Chikni Torai-1
	42.81
	45.56
	5.27
	10.56
	54.30
	97.81
	4.55
	3.21
	12.93
	5.62
	9.54
	1.28

	PSG-2024-5 × Kashi Divya
	39.40
	43.39
	5.19
	11.46
	53.49
	99.89
	5.39
	5.27
	11.87
	5.31
	11.92
	1.52

	PSG-2024-5 × Swarna Prabha
	41.35
	43.21
	7.42
	12.12
	51.12
	101.38
	3.25
	3.44
	14.20
	5.48
	13.80
	1.38

	PSG-2024-5 × Pant Chikni Torai-1
	38.32
	41.76
	5.81
	10.49
	49.65
	96.48
	4.76
	5.02
	13.29
	6.38
	11.59
	1.31


DFM: Days to first male flower appearance, DFF: Days to first female flower appearance, NFMF: Node number at which first male flower appear, NFFF: Node number at which first female flower appear, DFH: Days to first fruit harvest, DLH: Days to last harvest, VL: Vine length (m), NPB: Number of primary branches, IL: Internodal length (cm), FT: Flesh thickness (cm), NFV: Number of fruits per vine, and FYP: Fruit yield per plant (kg)

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 check. 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 the commercial check was observed in Pusa Sneha × Kashi Divya (-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 by Chittora et al. (2018) and Nandhini et al. (2018) in ridge gourd.
Crosses such as Pusa Sneha × Kashi Divya (17.49%), Kashi Kalyani × Pant Chikni Torai-1 (15.88%), and Kashi Shreya × Swarna Prabha (14.97%) performed significantly better than check for flesh thickness. Such a positive heterotic response for flesh thickness indicates enhanced tissue development in hybrid fruits compared with their parental lines.  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 6), 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. The higher yield performance is primarily attributed to the synergistic effects of high vine growth, increased number of branches, and a larger number of fruits, reflecting the significance of non-additive gene action and the opportunity to utilize heterosis.  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 3: 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 4: 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 5: 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 6: 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 results of the present investigation showed that heterosis breeding is a very effective method for combining earliness and high-yielding characters in sponge gourd. The cross Pusa Sneha × Kashi Divya was found to be a good hybrid combination showing better performance for the yield determining traits, viz., number of fruits per vine and total fruit yield per plant. Again, high performing crosses like Kashi Shreya × Swarna Prabha and Kashi Kalyani × Pant Chikni Torai-1 exhibited highly significant desirable heterosis for both earliness and yield traits. Consequently, these promising hybrids can be commercially exploited or utilized in future breeding programs to develop high-yielding varieties.
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