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ABSTRACT 

	[bookmark: _Hlk222609091]The present investigation was undertaken to generate information about the magnitude of heterobeltiosis, average heterosis and standard heterosis for flowering characters in bottle gourd crop. The experimental material consisted of fifteen female parents, three male parents and their resultant forty-five hybrids developed by using line × tester mating design along with one standard check HBGH-35. The experiment was laid out in randomized block design with three replications at the Research Farm of the Department of Vegetable Science, CCS Haryana Agricultural University, Hisar during rainy season 2023 and spring-summer season 2024. The analysis of variance for various flowering parameters studied for the current investigation in both seasons designated highly significant differences among the parents, crosses and standard check. Among the 45 hybrids developed, best performing F1 hybrids over mid parent, better parent and standard check viz., HBGH-35 in negative direction were crosses GH-71 × HBG-36, GH-75 × HBG-36, GH-76 × HBG-36, GH-79 x Pusa Summer Prolific Long and GH-80 × Pusa Sandesh for the traits responsible for earliness in both seasons. F1 hybrids which were best performing over mid, better and standard check for days to first female flower anthesis were GH-79 x Pusa Summer Prolific Long (-8.87 & -7.15%, -14.85 & -12.65% and -7.98 & -4.74%), GH-76 × HBG-36 (-7.04 & -3.83%, -9.08 & -5.87% and -5.37 & & -3.54%), GH-80 × Pusa Sandesh ( -5.47 & -4.61%, -6.29 & -5.62% and -6.54 & -4.85%) and GH-71 × HBG-36 (-4.39 & -3.12%, -9.04 & -6.44% and -5.31 & -4.12%) for rainy and spring-summer season, respectively.	Comment by HP: Non-italic	Comment by HP: Non-italic
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1. INTRODUCTION

Bottle gourd, [Lagenaria siceraria (Molina) Standl.] also called as white-flowered gourd or, running or climbing vine of the Cucurbitaceae family, native to tropical Africa but cultivated in warm climates all around the world. It has chromosome number 2n=2x=22. Bottle gourd is valued for its medicinal and nutritive properties (Yadav et al., 2010). It was one of the first domesticated plant for human use with great economic importance as it has multiple uses at various stages of fruit development. Fresh 100 g fruit of bottle gourd contains 96.1% moisture, 2.9 g of carbohydrates, 0.2 g of protein, 20 mg of calcium, 10 mg of phosphorus, 0.7 mg of iron and 11 mg of vitamin C (Thamburaj and Singh, 2015). Majority of bottle gourd varieties available for cultivation in our country have lost their potentiality. Therefore, it is essential to increase productivity of bottle gourd through various new strategies. The development of hybrid with high yield and improved fruit quality is one of these tactics to increase its productivity. Heterosis, or hybrid vigor, refers to the phenomenon where hybrid offspring exhibit superior performance compared to their parents for one or more traits. In vegetable crops, heterosis has been widely exploited to enhance yield, earliness, adaptability, and reproductive efficiency. Bottle gourd, an important cucurbit cultivated in tropical and subtropical regions, is a cross-pollinated crop that offers substantial scope for the exploitation of heterosis due to its monoecious nature and wide genetic variability. Flowering traits play a crucial role in determining the productivity and adaptability of bottle gourd hybrids. Traits such as days to first male and female flower appearance, node number of first female flower, flowering duration, and earliness directly influence fruit set and yield potential. Early and synchronized flowering is particularly desirable for improving fruit yield and marketability. Heterotic expression for these flowering traits can significantly reduce crop duration and enhance resource-use efficiency. In bottle gourd, the manifestation of heterosis for flowering characteristics is often attributed to non-additive gene action, including dominance and over-dominance effects. The degree of heterosis varies depending on the genetic divergence of parental lines and their combining ability. Understanding heterosis in flowering traits not only aids in the development of high-yielding hybrids but also contributes to breeding strategies aimed at improving reproductive efficiency and stability under diverse agro-climatic conditions. Thus, the study of heterosis for flowering traits forms a vital component of hybrid breeding programs in bottle gourd.
2. material and methods 
[bookmark: _Hlk201537318]The experimental material was conducted at Research Farm of the Department of Vegetable Science, CCS Haryana Agricultural University, Hisar which was comprised of fifteen females (lines), three male parents (testers) along with standard check (HBGH-35) of genetically diverse genotypes of bottle gourd collected from the Department of Vegetable Science and various other institutes. These female and male parents were crossed in a Line × Tester fashion to develop 45 crosses. Heterosis studies were carried out using 45 F1 crosses along with their parents and standard check in rainy season 2023 and spring-summer season 2024. The seeds of eighteen parents and forty-five F1 hybrids which were produced previously by crossing were sown along with standard check in the experimental plot. The seeds were sown in a net plot size of 5.0 × 3.0 m in a Randomized Block Design in 3 replications, accommodating 10 plants per genotype/replication. In order to establish a healthy crop stand, the standard cultural practices were adopted as per the package of practices of the University for bottle gourd. In addition to applying farmyard manure at a rate of 6 tonnes per acre and 15 tonnes per hectare, chemical fertilizers were also applied in accordance with the package of practices i.e., 20:10:10::N:P:K kg per acre for Haryana state. Heterosis was estimated as the percentage increase or decrease of mean F1 performance (F1) over the means of mid parent (MP), better parent (BP) and the standard check (SC). In order to estimate heterosis, the mean of all the replications for each set of parents, hybrids, and checks for all characters was calculated. Heterosis was estimated as per the method suggested by Fonseca and Patterson (1968).
1. Per cent heterosis over better parent (BP) =   
2. Per cent heterosis over mid parent (MP) =   
3. Per cent heterosis over standard check (SC) =   
Test of significance of heterosis
SE (d) =   
[bookmark: _GoBack]

EMS = Error mean sum of squares and r = Number of replications. The estimated ‘t’ value was compared with ‘t’ table value at respective error degree of freedom at 0.05 and 0.01 levels of significance.

3. results and discussion

The analysis of variance for various flowering parameters studied for the current investigation in rainy 2023 and spring-summer season 2024 designated highly significant differences among the parents, crosses and standard check at 5% and 1% level of significance (Table 1). It was evident that the mean squares due to replication were non-significant for all the studied traits in both seasons.

[bookmark: _Hlk200674049]Table 1: Analysis of variance for various flowering traits in line × tester set in both seasons 
	S.
No.
	Season
	Parameter
	Mean sum of squares

	
	
	
	Replications
	Genotypes
	Error

	
	
	Degrees of freedom (df)
	2
	64
	128

	1.
	




Rainy
	Node number to first male flower appearance 
	4.99
	102.55**
	35.34

	2.
	
	Node number to first female flower appearance 
	0.34
	116.84**
	14.61

	3.
	
	Days to first male flower anthesis 
	32.58
	971.78**
	150.59

	4.
	
	Days to first female flower anthesis 
	0.09
	1129.27**
	194.25

	5.
	
	Days to first fruit harvest 
	25.09
	1482.14**
	329.69

	1.
	


Spring- summer
	Node number to first male flower appearance 
	0.70
	100.18**
	54.08

	2.
	
	Node number to first female flower appearance 
	0.92
	108.93**
	37.65

	3.
	
	Days to first male flower anthesis 
	3.00
	943.47**
	136.76

	4.
	
	Days to first female flower anthesis 
	4.36
	908.22**
	147.23

	5.
	
	Days to first fruit harvest 
	13.69
	1320.85**
	263.80


             **Significant at 5% level of significance

Heterosis describes the increase or decrease in vigor of F1 hybrid over its mid or better parental values for yield and its attributing traits. Generally, positive heterosis is considered as desirable, but in some cases negative heterosis may be desirable, for instance negative heterosis for flowering and maturity duration is beneficial since it shows superiority over the parents (Gondane et al. 2020). It is expressed as increase or decrease over mid parent (MP) as average heterosis, over better parent (BP) as heterobeltiosis and over standard check (SC) utilized in the study as economic heterosis (Rambabu et al., 2021). The evaluation and the magnitude of heterosis over mid parent, better-parent (heterobeltiosis) and standard check viz., HBGH-35 (economic heterosis) for all the studied characters under both rainy 2023 and spring-summer 2024 season, is illustrated in Tables 2 to 6. Significant heterosis in a negative direction is highly desirable and regarded as the ideal condition for traits related to earliness. The range of average heterosis and heterobeltiosis in case of node number to first male flower appearance varied from -20.55 to 10.33% & -18.36 to 14.26% and -24.21 to 5.34% & -23.01 to 7.21% for rainy season 2023 & spring-summer season 2024, respectively (Table 2). 

Table 2: Heterosis (%) over mid parent (MP), better parent (BP) and standard check (SC) for node number to first male flower appearance in line × tester set of bottle gourd
	S. No.
	Hybrids
	MP
	BP
	SC 

	
	
	Rainy
	S. summer
	Rainy
	S. summer
	Rainy
	S. summer

	1
	GH-71 × HBG-36
	-11.36 *
	-8.45
	-20.12 **
	-17.22 **
	-16.75 **
	-13.93 **

	2
	GH-71 × Pusa Sandesh
	10.25 *
	6.88
	-0.22
	-2.00
	3.01
	-1.21

	3
	GH-71 × PSPL
	-12.19 **
	-11.92 **
	-22.49 **
	-22.02 **
	-15.33 **
	-14.94 **

	4
	GH-72 × HBG-36
	-5.33
	-3.41
	-11.03 *
	-9.32 *
	-7.29
	-5.72

	5
	GH-72 × Pusa Sandesh
	10.33 *
	9.88 *
	4.15
	4.67
	7.51
	5.52

	6
	GH-72 × PSPL
	-16.75 **
	-14.07 **
	-23.45 **
	-21.10 **
	-16.38 **
	-13.93 **

	7
	GH-73 × HBG-36
	-1.68
	-0.03
	-7.21
	-6.54
	-3.31
	-2.83

	8
	GH-73 × Pusa Sandesh
	8.94 *
	11.12 *
	3.28
	5.41
	6.61
	6.26

	9
	GH-73 × PSPL
	-17.91 **
	-14.40 **
	-24.21 **
	-21.71 **
	-17.21 **
	-14.60 **

	10
	GH-74 × HBG-36
	1.71
	-1.46
	-3.53
	-6.21
	0.53
	-2.49

	11
	GH-74 × Pusa Sandesh
	6.80
	10.99 *
	1.75
	7.21
	5.03
	8.08

	12
	GH-74 × PSPL
	-3.85
	-7.19
	-10.80 *
	-13.63 **
	-2.55
	-5.79

	13
	GH-75 × HBG-36
	-8.24
	-2.15
	-16.08 **
	-12.94 **
	-12.55 **
	-9.49 *

	14
	GH-75 × Pusa Sandesh
	-9.98 *
	-8.29
	-17.32 **
	-17.29 **
	-14.65 **
	-16.62 **

	15
	GH-75 × PSPL
	-12.75 **
	-6.34
	-21.87 **
	-18.38 **
	-14.65 **
	-10.97 **

	16
	GH-76 × HBG-36
	-11.30 **
	-10.23 *
	-13.99 **
	-13.98 **
	-10.37 *
	-10.57 *

	17
	GH-76 × Pusa Sandesh
	-14.61 **
	-14.00 **
	-16.81 **
	-16.36 **
	-14.12 **
	-15.68 **

	18
	GH-76 × PSPL
	-18.39 **
	-16.04 **
	-22.63 **
	-21.34 **
	-15.48 **
	-14.20 **

	19
	GH-77 × HBG-36
	-7.04
	-1.95
	-7.43
	-4.21
	-2.70
	-0.40

	20
	GH-77 × Pusa Sandesh
	-7.75
	-3.30
	-8.58
	-4.07
	-3.91
	-3.30

	21
	GH-77 × PSPL
	0.39
	-2.55
	-1.51
	-6.97
	7.59
	1.48

	22
	GH-78 × HBG-36
	-6.79
	-4.08
	-7.43
	-5.63
	-3.53
	-1.88

	23
	GH-78 × Pusa Sandesh
	0.00
	1.50
	-0.22
	1.40
	3.01
	2.22

	24
	GH-78 × PSPL
	-20.55 **
	-18.36 **
	-22.90 **
	-21.53 **
	-15.78 **
	-14.40 **

	25
	GH-79 × HBG-36
	-10.00 *
	-10.52 **
	-12.04 **
	-10.75 *
	-3.98
	-6.73

	26
	GH-79 × Pusa Sandesh
	-11.57 **
	-10.46 *
	-13.97 **
	-12.04 **
	-6.09
	-8.08

	27
	GH-79 × PSPL
	-2.30
	-4.03
	-2.34
	-6.05
	6.69
	2.49

	28
	GH-80 × HBG-36
	-2.71
	-2.73
	-6.78
	-7.77
	-2.86
	-4.10

	29
	GH-80 × Pusa Sandesh
	8.51 *
	7.60
	4.44
	3.54
	7.81
	4.37

	30
	GH-80 × PSPL
	4.15
	4.13
	-2.41
	-3.45
	6.61
	5.32

	31
	HBG-32 × HBG-36
	-0.64
	-5.06
	-10.09 *
	-14.37 **
	-6.31
	-10.97 **

	32
	HBG-32 × Pusa Sandesh
	0.60
	-1.46
	-8.59
	-9.88 *
	-5.63
	-9.15 *

	33
	HBG-32 × PSPL
	-0.12
	-4.51
	-11.49 **
	-15.67 **
	-3.31
	-8.01

	34
	HBG-34 × HBG-36
	14.77 **
	14.26 **
	5.34
	4.79
	9.77 *
	8.95 *

	35
	HBG-34 × Pusa Sandesh
	2.25
	2.48
	-5.75
	-4.67
	-2.70
	-3.90

	36
	HBG-34 × PSPL
	6.24
	1.24
	-4.54
	-9.13 *
	4.28
	-0.87

	37
	IC-92428 × HBG-36
	-1.62
	-3.30
	-5.62
	-8.16
	-1.65
	-4.51

	38
	IC-92428 × Pusa Sandesh
	-7.55
	-9.00 *
	-10.92 *
	-12.28 *
	-8.04
	-11.57 **

	39
	IC-92428 × PSPL
	-4.99
	-7.07
	-10.87 *
	-13.70 **
	-2.63
	-5.85

	40
	IC-92436 × HBG-36
	-2.56
	-2.06
	-2.59
	-4.79
	1.58
	-1.01

	41
	IC-92436 × Pusa Sandesh
	2.46
	3.28
	1.95
	1.94
	6.31
	2.76

	42
	IC-92436 × PSPL
	-11.96 **
	-11.23 **
	-13.96 **
	-15.67 **
	-6.01
	-8.01

	43
	IC-92465 × HBG-36
	-15.62 **
	-13.58 **
	-21.92 **
	-18.83 **
	-18.63 **
	-15.61 **

	44
	IC-92465 × Pusa Sandesh
	2.66
	-0.53
	-4.59
	-5.21
	-1.50
	-4.44

	45
	IC-92465 × PSPL
	-14.20 **
	-16.19 **
	-22.28 **
	-23.01 **
	-15.10 **
	-16.02 **


S. summer=Spring-summer, PSPL=Pusa Summer Prolific Long, * and ** significant at 5% and 1% level, respectively

Table 3: Heterosis (%) over mid parent (MP), better parent (BP) and standard check (SC) for node number to first female flower appearance in line × tester set of bottle gourd
	S. No.
	Hybrids
	MP
	BP
	SC 

	
	
	Rainy
	S. summer
	Rainy
	S. summer
	Rainy
	S. summer

	1
	GH-71 × HBG-36
	-10.19 **
	-10.50 **
	-17.35 **
	-18.70 **
	-8.31 **
	-5.67

	2
	GH-71 × Pusa Sandesh
	-0.44
	1.42
	-8.27 **
	-5.05
	1.48
	3.14

	3
	GH-71 × PSPL
	-11.76 **
	-5.32
	-19.56 **
	-11.62 **
	-8.89 **
	-3.39

	4
	GH-72 × HBG-36
	1.36
	-0.51
	-4.93 *
	-7.39 *
	5.47 *
	7.46 *

	5
	GH-72 × Pusa Sandesh
	2.08
	4.91
	-4.13
	0.74
	6.05 *
	9.43 **

	6
	GH-72 × PSPL
	-12.48 **
	-8.81 **
	-18.70 **
	-12.69 **
	-7.92 **
	-4.56

	7
	GH-73 × HBG-36
	-4.08
	-1.24
	-8.47 **
	-6.91 *
	1.55
	8.01 *

	8
	GH-73 × Pusa Sandesh
	2.59
	4.67
	-1.98
	1.82
	8.44 **
	10.60 **

	9
	GH-73 × PSPL
	-13.96 **
	-9.10 **
	-18.70 **
	-11.84 **
	-7.92 **
	-3.64

	10
	GH-74 × HBG-36
	-3.08
	-4.33
	-8.82 **
	-10.68 **
	1.16
	3.64

	11
	GH-74 × Pusa Sandesh
	-2.56
	-2.77
	-8.21 **
	-6.36
	1.55
	1.73

	12
	GH-74 × PSPL
	-3.11
	-2.03
	-9.72 **
	-5.92
	2.25
	2.84

	13
	GH-75 × HBG-36
	-11.17 **
	-6.90 *
	-19.44 **
	-16.10 **
	-10.62 **
	-2.65

	14
	GH-75 × Pusa Sandesh
	-8.72 **
	-5.93
	-17.11 **
	-12.66 **
	-8.31 **
	-5.12

	15
	GH-75 × PSPL
	-2.82
	1.80
	-12.68 **
	-5.75
	-1.09
	3.02

	16
	GH-76 × HBG-36
	-1.70
	1.16
	-7.78 **
	-5.31
	2.32
	9.86 **

	17
	GH-76 × Pusa Sandesh
	-6.01 **
	-2.09
	-11.70 **
	-5.45
	-2.32
	2.71

	18
	GH-76 × PSPL
	-14.53 **
	-10.66 **
	-20.58 **
	-13.99 **
	-10.05 **
	-5.98

	19
	GH-77 × HBG-36
	0.41
	-4.11
	0.17
	-5.26
	11.14 **
	9.93 **

	20
	GH-77 × Pusa Sandesh
	0.15
	0.69
	0.06
	-1.36
	10.69 **
	11.71 **

	21
	GH-77 × PSPL
	-0.06
	2.11
	-1.31
	0.33
	11.78 **
	13.63 **

	22
	GH-78 × HBG-36
	-10.65 **
	-9.07 **
	-11.38 **
	-11.58 **
	-1.67
	2.59

	23
	GH-78 × Pusa Sandesh
	1.14
	5.71
	0.47
	5.23
	11.14 **
	15.35 **

	24
	GH-78 × PSPL
	-12.91 **
	-8.14 *
	-14.50 **
	-8.27 *
	-3.16
	0.55

	25
	GH-79 × HBG-36
	0.00
	2.39
	-0.69
	0.11
	11.72 **
	16.15 **

	26
	GH-79 × Pusa Sandesh
	-18.50 **
	-8.03 *
	-19.18 **
	-8.95 *
	-9.08 **
	0.92

	27
	GH-79 × PSPL
	-9.41 **
	-4.62
	-9.72 **
	-5.28
	2.25
	4.99

	28
	GH-80 × HBG-36
	2.95
	5.04
	-1.68
	-0.90
	9.08 **
	14.98 **

	29
	GH-80 × Pusa Sandesh
	4.93 *
	4.28
	0.35
	1.53
	11.01 **
	10.30 **

	30
	GH-80 × PSPL
	-0.33
	6.10
	-5.74 *
	2.99
	6.76 **
	12.58 **

	31
	HBG-32 × HBG-36
	-3.80
	-6.84 *
	-9.75 **
	-12.43 **
	0.13
	1.60

	32
	HBG-32 × Pusa Sandesh
	-0.74
	0.47
	-6.75 **
	-2.55
	3.16
	5.86

	33
	HBG-32 × PSPL
	-4.99 *
	-2.71
	-11.71 **
	-5.92
	0.00
	2.84

	34
	HBG-34 × HBG-36
	6.85 **
	4.70
	2.26
	0.00
	13.46 **
	16.03 **

	35
	HBG-34 × Pusa Sandesh
	-2.28
	-2.73
	-6.34 *
	-4.09
	3.61
	4.19

	36
	HBG-34 × PSPL
	-1.80
	-1.84
	-6.94 **
	-3.50
	5.41 *
	5.49

	37
	IC-92428 × HBG-36
	-4.06
	-3.84
	-9.40 **
	-8.18 *
	0.52
	6.54

	38
	IC-92428 × Pusa Sandesh
	-10.43 **
	-11.51 **
	-15.31 **
	-12.77 **
	-6.31 **
	-5.24

	39
	IC-92428 × PSPL
	3.65
	4.33
	-3.07
	2.54
	9.79 **
	12.08 **

	40
	IC-92436 × HBG-36
	3.01
	4.14
	1.33
	2.82
	12.43 **
	19.30 **

	41
	IC-92436 × Pusa Sandesh
	3.46
	1.00
	1.92
	-0.98
	12.75 **
	11.96 **

	42
	IC-92436 × PSPL
	-15.24 **
	-13.11 **
	-17.45 **
	-14.56 **
	-6.50 **
	-3.39

	43
	IC-92465 × HBG-36
	-7.25 **
	-7.86 *
	-16.13 **
	-15.94 **
	-6.95 **
	-2.47

	44
	IC-92465 × Pusa Sandesh
	0.80
	1.57
	-8.73 **
	-4.48
	0.97
	3.76

	45
	IC-92465 × PSPL
	-10.98 **
	-8.33 *
	-20.24 **
	-14.04 **
	-9.66 **
	-6.04


S. summer=Spring-summer, PSPL=Pusa Summer Prolific Long, * and ** significant at 5% and 1% level, respectively

Table 4: Heterosis (%) over mid parent (MP), better parent (BP) and standard check (SC) for days to first male flower anthesis in line × tester set of bottle gourd
	S. No.
	Hybrids
	MP
	BP
	SC 

	
	
	Rainy
	S. summer
	Rainy
	S. summer
	Rainy
	S. summer

	1
	GH-71 × HBG-36
	-2.57
	-1.60
	-5.38 **
	-6.02 **
	-1.86
	-1.38

	2
	GH-71 × Pusa Sandesh
	-3.59 *
	-1.05
	-6.76 **
	-3.73 *
	-2.46
	-2.79

	3
	GH-71 × PSPL
	-0.39
	-0.10
	-1.61
	-0.21
	-3.84 *
	-4.48 **

	4
	GH-72 × HBG-36
	-6.33 **
	-7.03 **
	-7.04 **
	-8.16 **
	-3.58
	-3.62 *

	5
	GH-72 × Pusa Sandesh
	0.16
	0.59
	-1.01
	-0.11
	3.55
	2.29

	6
	GH-72 × PSPL
	8.59 **
	6.58 **
	4.97 *
	3.10
	7.24 **
	5.57 **

	7
	GH-73 × HBG-36
	-6.30 **
	-6.74 **
	-6.56 **
	-6.76 **
	-2.55
	-2.11

	8
	GH-73 × Pusa Sandesh
	6.02 **
	7.53 **
	5.86 **
	5.47 **
	10.73 **
	10.74 **

	9
	GH-73 × PSPL
	5.10 **
	4.15 *
	0.59
	-0.45
	4.91 **
	4.52 **

	10
	GH-74 × HBG-36
	6.09 **
	3.06
	5.33 *
	2.13
	9.25 **
	7.17 **

	11
	GH-74 × Pusa Sandesh
	0.29
	1.82
	-0.85
	0.79
	3.72 *
	3.86 *

	12
	GH-74 × PSPL
	7.95 **
	3.56 *
	4.31 *
	-0.12
	6.64 **
	2.92

	13
	GH-75 × HBG-36
	-2.81
	-3.20
	-7.05 **
	-8.12 **
	-3.59
	-3.58 *

	14
	GH-75 × Pusa Sandesh
	5.96 **
	5.79 **
	0.93
	2.28
	5.58 **
	3.27 *

	15
	GH-75 × PSPL
	2.48
	1.51
	2.12
	0.75
	-2.63
	-3.57 *

	16
	GH-76 × HBG-36
	-4.42 *
	-5.30 **
	-8.47 **
	-9.23 **
	-5.07 **
	-4.74 **

	17
	GH-76 × Pusa Sandesh
	2.08
	2.51
	-2.64
	0.11
	1.85
	1.08

	18
	GH-76 × PSPL
	0.4
	-0.14
	0.18
	-0.41
	-4.48 *
	-4.15 *

	19
	GH-77 × HBG-36
	1.48
	2.13
	-1.73
	-0.97
	8.82 **
	10.64 **

	20
	GH-77 × Pusa Sandesh
	-3.91 *
	-1.91
	-6.57 **
	-6.63 **
	3.46
	4.31 **

	21
	GH-77 × PSPL
	1.92
	1.16
	-5.16 **
	-6.08 **
	5.02 **
	4.93 **

	22
	GH-78 × HBG-36
	3.32
	1.94
	0.19
	-1.10
	3.92 *
	3.79 *

	23
	GH-78 × Pusa Sandesh
	-5.62 **
	-4.13 *
	-8.85 **
	-5.21 **
	-4.65 *
	-4.30 **

	24
	GH-78 × PSPL
	10.15 **
	9.07 **
	8.96 **
	7.42 **
	6.18 **
	6.02 **

	25
	GH-79 × HBG-36
	0.58
	-3.08 *
	-2.22
	-5.83 **
	7.39 **
	4.76 **

	26
	GH-79 × Pusa Sandesh
	-4.86 **
	-3.35 *
	-7.12 **
	-7.81 **
	2.00
	2.55

	27
	GH-79 × PSPL
	-6.02 **
	-7.53 **
	-12.21 **
	-13.98 **
	-3.59
	-4.31 **

	28
	GH-80 × HBG-36
	4.05 *
	3.05
	3.19
	1.70
	7.03 **
	6.72 **

	29
	GH-80 × Pusa Sandesh
	-7.23 **
	-4.75 **
	-8.39 **
	-5.32 **
	-4.16 *
	-3.24 *

	30
	GH-80 × PSPL
	9.99 **
	9.36 **
	6.40 **
	5.89 **
	8.53 **
	8.21 **

	31
	HBG-32 × HBG-36
	7.09 **
	5.30 **
	6.32 **
	4.24 *
	10.28 **
	9.39 **

	32
	HBG-32 × Pusa Sandesh
	4.47 *
	5.90 **
	3.28
	4.94 **
	8.04 **
	7.92 **

	33
	HBG-32 × PSPL
	2.01
	1.82
	-1.43
	-1.71
	0.77
	1.08

	34
	HBG-34 × HBG-36
	7.33 **
	4.10 *
	3.28
	1.24
	7.13 **
	6.25 **

	35
	HBG-34 × Pusa Sandesh
	8.26 **
	6.67 **
	3.75
	5.73 **
	8.53 **
	6.75 **

	36
	HBG-34 × PSPL
	7.53 **
	5.94 **
	7.22 **
	4.09 *
	2.82
	3.24 *

	37
	IC-92428 × HBG-36
	0.51
	-0.24
	0.5
	-0.52
	4.27 *
	4.39 **

	38
	IC-92428 × Pusa Sandesh
	-2.43
	-0.39
	-2.83
	-2.00
	1.65
	2.26

	39
	IC-92428 × PSPL
	6.75 **
	7.19 **
	2.43
	2.76
	6.27 **
	7.23 **

	40
	IC-92436 × HBG-36
	0.63
	0.68
	-0.61
	0.09
	5.68 **
	6.27 **

	41
	IC-92436 × Pusa Sandesh
	2.56
	1.52
	1.74
	-0.97
	8.17 **
	5.15 **

	42
	IC-92436 × PSPL
	3.43
	3.71 *
	-1.91
	-1.40
	4.29 *
	4.69 **

	43
	IC-92465 × HBG-36
	-4.19 *
	-0.95
	-4.60 *
	-4.09 *
	-0.20
	0.65

	44
	IC-92465 × Pusa Sandesh
	-8.30 **
	-4.26 *
	-8.30 **
	-5.53 **
	-4.08 *
	-4.62 **

	45
	IC-92465 × PSPL
	-4.14 *
	-0.70
	-8.39 **
	-2.00
	-4.16 *
	-3.68 *


S. summer=Spring-summer, PSPL=Pusa Summer Prolific Long, * and ** significant at 5% and 1% level, respectively
 
[bookmark: _Hlk201353951][bookmark: _Hlk201353935]The hybrids GH-78 × Pusa Summer Prolific Long (-20.55%) followed by GH-76 × Pusa Summer Prolific Long (-18.39%) for rainy season and GH-78 × Pusa Summer Prolific Long (-18.36%) followed by IC-92465 × Pusa Summer Prolific Long (-16.19%) for spring- summer season recorded the highest negatively significant value for average heterosis in desirable direction. Highest negatively significant heterosis over better parent was recorded for cross GH-73 × Pusa Summer Prolific Long (-24.21%) for rainy season and IC-92465 × Pusa Summer Prolific Long (-23.01%) for spring-summer season. When standard heterosis was taken into account, the heterosis over Standard Check hybrid (HBGH-35) ranged from -18.63 to 9.77% & -16.62 to 8.95% for rainy season 2023 & spring-summer season 2024, respectively. Cross IC-92465 × HBG-36 (-18.63 %) recorded significant maximum heterosis in negative direction for Standard Check in rainy season. Cross GH-74 × Pusa Sandesh (-16.62%) recorded significant maximum heterosis in negative direction for Standard Check in spring-summer season. The range of heterosis over mid and better parent in case of number of nodes to first female flower appearance ranged from -18.50 to 6.85% & -13.11 to 6.10% and -20.58 to 2.26% & -18.70 to 5.23% for rainy season 2023 & spring-summer season 2024, respectively (Table 3). The hybrid GH-79 × Pusa Sandesh (-18.50%) followed by IC-92436 × Pusa Summer Prolific Long (-15.24%) recorded the highest negatively significant average heterosis for rainy season and IC-92436 × Pusa Summer Prolific Long (-13.11%) followed by IC-92428 × Pusa Sandesh (-11.51%) recorded the highest negative significant average heterosis for spring-summer season. Heterosis over better parent was recorded highest negatively significant value for GH-76 × Pusa Summer Prolific Long (-20.58%) for rainy season and GH-71 × HBG-36 (-18.70%) for spring-summer season. The heterosis over Standard Check hybrid (HBGH-35) ranged from -10.62 to 13.46% & -6.04 to 19.30% for rainy season 2023 & spring-summer season 2024, respectively. For Standard Check, cross GH-75 × HBG-36 (-10.62%) recorded significant maximum heterosis in negative direction in rainy season, no single cross noted significant heterosis in desirable direction in spring-summer season. The minimum and maximum values of average heterosis and heterobeltiosis in case of number of days to first male flower anthesis ranged from -8.30 to 10.15% & -7.03 to 9.36% and -12.21 to 8.96% & -13.98 to 7.42% for rainy season 2023 & spring-summer season 2024, respectively (Table 4). The hybrid IC-92465 × Pusa Sandesh (-8.30%) followed by GH-80 × Pusa Sandesh (-7.23%) for rainy season and GH-79 × Pusa Summer Prolific Long (-7.23%) followed by GH-72 × HBG-36 (-7.03%) for spring-summer season recorded the highest negatively significant average heterosis. Heterosis over better parent was recorded highest significant heterosis value for GH-79 × Pusa Summer Prolific Long (-12.21 and -13.98%) for rainy season 2023 & spring-summer season 2024, in desirable direction, respectively. With regard to standard heterosis, the range of heterosis recorded from -5.07 to 10.73% & -4.74 to 10.74% over Standard Check for rainy season 2023 & spring-summer season 2024, respectively. For Standard Check, Cross GH-76 × HBG-36 (-5.07 & -4.74%) recorded significant maximum heterosis in negative direction in rainy season 2023 & spring-summer season 2024, respectively. The values of heterosis over mid and better parent in case of number of days to first female flower anthesis varied from -8.87 to 10.27% & -7.15 to 9.65% and -14.85 to 6.18% & -12.65 to 7.38% for rainy season 2023 & spring-summer season 2024, respectively (Table 5). The hybrid GH-79 × Pusa Summer Prolific Long (-8.87 & -7.15% and -14.85 & -12.65%) recorded the highest negative significant value for average heterosis and heterobeltiosis in desirable direction for rainy season 2023 & spring-summer season 2024, respectively. 

Table 5: Heterosis (%) over mid parent (MP), better parent (BP) and standard check (SC) for days to first female flower anthesis in line × tester set
	S. No.
	Hybrids
	MP
	BP
	SC 

	
	
	Rainy
	S. summer
	Rainy
	S. summer
	Rainy
	S. summer

	1
	GH-71 × HBG-36
	-4.39 **
	-3.12 *
	-9.04 **
	-6.44 **
	-5.31 **
	-4.12 **

	2
	GH-71 × Pusa Sandesh
	1.25
	0.08
	-0.83
	-1.54
	-2.80
	-2.85

	3
	GH-71 × PSPL
	-1.24
	-0.78
	-1.29
	-1.12
	-7.24 **
	-4.95 **

	4
	GH-72 × HBG-36
	-5.13 **
	-3.70 *
	-6.66 **
	-3.88 *
	-2.84
	-1.50

	5
	GH-72 × Pusa Sandesh
	5.32 **
	1.34
	3.90 *
	-0.36
	4.65 **
	1.72

	6
	GH-72 × PSPL
	5.98 **
	6.30 **
	2.38
	3.19
	3.12
	5.35 **

	7
	GH-73 × HBG-36
	-2.03
	-0.21
	-2.60
	-0.72
	1.39
	1.75

	8
	GH-73 × Pusa Sandesh
	6.39 **
	8.87 **
	3.86 *
	7.38 **
	6.87 **
	8.92 **

	9
	GH-73 × PSPL
	4.37 *
	6.09 **
	-0.20
	3.31
	2.69
	4.79 **

	10
	GH-74 × HBG-36
	-0.23
	1.34
	-1.03
	0.54
	3.02
	4.69 **

	11
	GH-74 × Pusa Sandesh
	0.71
	1.12
	-1.46
	-1.53
	0.93
	2.53

	12
	GH-74 × PSPL
	4.15 *
	1.65
	-0.19
	-2.26
	2.23
	1.77

	13
	GH-75 × HBG-36
	-4.53 **
	-1.85
	-9.11 **
	-5.66 **
	-5.39 **
	-3.32 *

	14
	GH-75 × Pusa Sandesh
	5.66 **
	6.15 **
	3.56
	3.92 *
	1.50
	2.53

	15
	GH-75 × PSPL
	-0.91
	0.03
	-1.03
	-0.80
	-6.86 **
	-4.65 **

	16
	GH-76 × HBG-36
	-7.04 **
	-3.83 *
	-9.08 **
	-5.87 **
	-5.37 **
	-3.54 *

	17
	GH-76 × Pusa Sandesh
	4.33 *
	4.52 **
	3.55
	4.24 *
	3.03
	2.85

	18
	GH-76 × PSPL
	-4.00 *
	-1.56
	-6.71 **
	-2.57
	-7.17 **
	-4.38 **

	19
	GH-77 × HBG-36
	3.50 *
	4.05 **
	3.29
	2.39
	7.52 **
	8.39 **

	20
	GH-77 × Pusa Sandesh
	2.54
	0.27
	-0.26
	-3.14
	3.40 *
	2.53

	21
	GH-77 × PSPL
	3.70 *
	3.50 *
	-1.19
	-1.26
	2.43
	4.52 **

	22
	GH-78 × HBG-36
	-2.16
	0.96
	-3.43
	-0.87
	0.52
	1.60

	23
	GH-78 × Pusa Sandesh
	-4.72 **
	-1.83
	-6.31 **
	-1.89
	-5.01 **
	-3.08 *

	24
	GH-78 × PSPL
	10.27 **
	6.90 **
	6.18 **
	5.46 **
	7.66 **
	4.18 **

	25
	GH-79 × HBG-36
	0.04
	-1.77
	-1.80
	-4.73 **
	6.12 **
	3.90 *

	26
	GH-79 × Pusa Sandesh
	-3.21 *
	-2.65
	-7.71 **
	-7.28 **
	-0.27
	1.12

	27
	GH-79 × PSPL
	-8.87 **
	-7.15 **
	-14.85 **
	-12.65 **
	-7.98 **
	-4.74 **

	28
	GH-80 × HBG-36
	0.05
	1.72
	-2.04
	0.89
	1.96
	3.40 *

	29
	GH-80 × Pusa Sandesh
	-5.47 **
	-4.61 **
	-6.29 **
	-5.62 **
	-6.54 **
	-4.85 **

	30
	GH-80 × PSPL
	9.30 **
	9.65 **
	6.10 **
	7.10 **
	5.81 **
	7.97 **

	31
	HBG-32 × HBG-36
	2.47
	4.16 **
	1.65
	3.65 *
	5.81 **
	7.29 **

	32
	HBG-32 × Pusa Sandesh
	4.84 **
	5.59 **
	2.59
	3.12
	5.07 **
	6.74 **

	33
	HBG-32 × PSPL
	5.80 **
	4.58 **
	1.39
	0.84
	3.85 *
	4.38 **

	34
	HBG-34 × HBG-36
	1.84
	3.28 *
	1.68
	2.44
	5.84 **
	6.72 **

	35
	HBG-34 × Pusa Sandesh
	6.69 **
	5.56 **
	3.73 *
	2.77
	7.63 **
	7.06 **

	36
	HBG-34 × PSPL
	0.72
	0.74
	-4.08 *
	-3.15
	-0.47
	0.89

	37
	IC-92428 × HBG-36
	2.14
	0.42
	1.53
	0.05
	5.68 **
	3.31 *

	38
	IC-92428 × Pusa Sandesh
	0.73
	1.54
	-1.64
	-0.71
	1.16
	2.52

	39
	IC-92428 × PSPL
	8.56 **
	8.65 **
	3.83 *
	4.90 **
	6.78 **
	8.31 **

	40
	IC-92436 × HBG-36
	1.16
	2.20
	0.58
	0.72
	5.90 **
	6.31 **

	41
	IC-92436 × Pusa Sandesh
	4.62 **
	1.90
	1.00
	-1.42
	6.35 **
	4.05 **

	42
	IC-92436 × PSPL
	2.48
	3.37 *
	-3.07
	-1.25
	2.05
	4.23 **

	43
	IC-92465 × HBG-36
	-2.64
	-0.97
	-5.48 **
	-2.97
	-1.62
	-0.56

	44
	IC-92465 × Pusa Sandesh
	-6.24 **
	-2.79
	-6.24 **
	-2.95
	-8.11 **
	-4.24 **

	45
	IC-92465 × PSPL
	-2.34
	-2.14
	-4.39 *
	-3.25
	-6.30 **
	-4.85 **


S. summer=Spring-summer, PSPL=Pusa Summer Prolific Long, * and ** significant at 5% and 1% level, respectively

Table 6: Heterosis (%) over mid parent (MP), better parent (BP) and standard check (SC) for days to first fruit harvest in line × tester set of bottle gourd
	S. No.
	Hybrids
	MP
	BP
	SC 

	
	
	Rainy
	S. summer
	Rainy
	S. summer
	Rainy
	S. summer

	1
	GH-71 × HBG-36
	-1.43
	-2.92
	-6.83 **
	-6.84 **
	-6.07 **
	-6.27 **

	2
	GH-71 × Pusa Sandesh
	6.04 **
	6.94 **
	1.67
	3.95 *
	-0.54
	1.82

	3
	GH-71 × PSPL
	0.53
	-1.39
	-1.47
	-2.88
	-7.88 **
	-7.38 **

	4
	GH-72 × HBG-36
	2.82
	-0.89
	2.67
	-1.19
	3.51
	-0.58

	5
	GH-72 × Pusa Sandesh
	4.33 *
	4.51 **
	2.92
	3.44
	3.47
	3.44 *

	6
	GH-72 × PSPL
	5.45 **
	4.71 **
	1.77
	2.28
	2.30
	2.28

	7
	GH-73 × HBG-36
	-1.48
	-1.61
	-3.01
	-2.96
	0.91
	0.39

	8
	GH-73 × Pusa Sandesh
	-0.43
	2.87
	-3.40
	0.13
	0.51
	3.59 *

	9
	GH-73 × PSPL
	1.13
	1.07
	-3.99 *
	-2.89
	-0.11
	0.47

	10
	GH-74 × HBG-36
	0.79
	0.55
	0.71
	0.54
	1.69
	1.19

	11
	GH-74 × Pusa Sandesh
	1.43
	1.96
	-0.15
	0.60
	0.82
	1.25

	12
	GH-74 × PSPL
	2.46
	1.76
	-1.33
	-0.92
	-0.38
	-0.28

	13
	GH-75 × HBG-36
	-3.71 *
	-3.25
	-7.41 **
	-7.24 **
	-6.65 **
	-6.67 **

	14
	GH-75 × Pusa Sandesh
	4.91 *
	5.28 **
	2.37
	2.24
	0.14
	0.15

	15
	GH-75 × PSPL
	-1.55
	0.65
	-1.77
	-0.97
	-8.16 **
	-5.56 **

	16
	GH-76 × HBG-36
	-4.25 *
	-2.14
	-5.96 **
	-5.67 **
	-5.19 **
	-5.10 **

	17
	GH-76 × Pusa Sandesh
	9.13 **
	11.15 **
	8.79 **
	8.53 **
	6.43 **
	6.31 **

	18
	GH-76 × PSPL
	-5.90 **
	-1.97
	-7.71 **
	-3.01
	-10.27 **
	-7.51 **

	19
	GH-77 × HBG-36
	5.13 **
	4.42 **
	4.96 *
	3.79 *
	5.82 **
	5.71 **

	20
	GH-77 × Pusa Sandesh
	1.80
	1.09
	0.44
	-0.84
	0.95
	1.00

	21
	GH-77 × PSPL
	2.89
	1.55
	-0.70
	-1.68
	-0.19
	0.14

	22
	GH-78 × HBG-36
	-3.11
	-3.00
	-3.16
	-3.10
	-2.27
	-2.50

	23
	GH-78 × Pusa Sandesh
	-5.66 **
	-5.90 **
	-7.10 **
	-7.05 **
	-6.25 **
	-6.66 **

	24
	GH-78 × PSPL
	8.14 **
	6.79 **
	4.17 *
	4.10 *
	5.12 **
	4.53 **

	25
	GH-79 × HBG-36
	1.63
	2.16
	-1.15
	-0.25
	5.43 **
	5.33 **

	26
	GH-79 × Pusa Sandesh
	-4.04 *
	-3.48 *
	-8.01 **
	-6.97 **
	-1.89
	-1.77

	27
	GH-79 × PSPL
	-8.67 **
	-6.88 **
	-14.30 **
	-11.40 **
	-8.60 **
	-6.44 **

	28
	GH-80 × HBG-36
	0.94
	1.19
	-0.42
	-0.32
	0.40
	0.30

	29
	GH-80 × Pusa Sandesh
	-4.43 *
	-3.93 *
	-4.56 *
	-4.09 *
	-6.37 **
	-6.05 **

	30
	GH-80 × PSPL
	8.56 **
	8.98 **
	6.01 **
	7.71 **
	4.00 *
	5.16 **

	31
	HBG-32 × HBG-36
	2.38
	1.74
	2.30
	1.65
	3.29
	2.28

	32
	HBG-32 × Pusa Sandesh
	4.13 *
	4.28 *
	2.51
	2.98
	3.50
	3.44 *

	33
	HBG-32 × PSPL
	4.97 **
	3.52 *
	1.09
	0.90
	2.07
	1.35

	34
	HBG-34 × HBG-36
	2.11
	1.99
	1.71
	1.36
	3.35
	3.26

	35
	HBG-34 × Pusa Sandesh
	4.72 *
	4.69 **
	2.76
	2.67
	4.42 *
	4.60 **

	36
	HBG-34 × PSPL
	1.32
	0.09
	-2.72
	-3.11
	-1.15
	-1.29

	37
	IC-92428 × HBG-36
	3.04
	2.84
	2.77
	2.47
	4.14 *
	3.85 *

	38
	IC-92428 × Pusa Sandesh
	0.79
	0.95
	-0.96
	-0.74
	0.37
	0.59

	39
	IC-92428 × PSPL
	7.58 **
	6.82 **
	3.42
	3.67
	4.80 **
	5.06 **

	40
	IC-92436 × HBG-36
	1.18
	0.84
	-0.75
	-1.07
	4.03 *
	3.45 *

	41
	IC-92436 × Pusa Sandesh
	5.47 **
	5.67 **
	1.95
	2.33
	6.86 **
	7.01 **

	42
	IC-92436 × PSPL
	3.62 *
	2.81
	-1.97
	-1.72
	2.74
	2.78

	43
	IC-92465 × HBG-36
	-0.04
	-0.43
	-1.53
	-1.92
	-0.72
	-1.31

	44
	IC-92465 × Pusa Sandesh
	-5.89 **
	-5.08 **
	-5.89 **
	-5.24 **
	-7.93 **
	-7.18 **

	45
	IC-92465 × PSPL
	-3.40
	-3.80 *
	-5.53 *
	-4.91 *
	-7.59 **
	-7.18 **


S. summer=Spring-summer, PSPL=Pusa Summer Prolific Long, * and ** significant at 5% and 1% level, respectively

With regard to standard heterosis, the range of heterosis varied from -8.11 to 7.66% & -4.95 to 8.92% over Standard Check hybrid (HBGH-35) for rainy season 2023 & spring-summer 2024 season, respectively. Cross IC-92465 × Pusa Sandesh (-8.11%) recorded significant maximum heterosis in negative direction for Standard Check in rainy season. While, cross GH-71 × Pusa Summer Prolific Long (-4.95%) recorded significant maximum heterosis in negative direction for in spring-summer season. Early fruit harvest is preferred in order to obtain fruit with a high market value and to maximise the opportunity for crop rotation in the field. The range of average heterosis and heterobeltiosis in case of number of days to first fruit harvest differed from -8.67 to 9.13% & -6.88 to 11.15% and -14.36 to 8.79% & -11.40 to 8.53% for rainy season 2023 & spring-summer season 2024, respectively (Table 6). The hybrid GH-79 × Pusa Summer Prolific Long (-8.67 & -6.88% and -14.30 & -11.40%) recorded the highest negative significant value for heterosis over mid and better parent in desirable direction for rainy season 2023 & spring-summer season 2024, respectively. When standard heterosis was taken into account, the heterosis over Standard Check hybrid (HBGH-35) differed from -10.27 to 6.86% & -7.51 to 7.01% for rainy season 2023 & spring-summer season 2024, respectively. The hybrid GH-76 × Pusa Summer Prolific Long (-10.27 & -7.51%) recorded the highest negative significant value of heterosis for Standard Check in desirable direction for rainy season 2023 & spring-summer season 2024, respectively. These results are in conformity with Singh et al. (2023) and Mishra et al. (2019) who recorded heterosis for days to first staminate and pistillate flower anthesis, days to first fruit harvest and node number of first pistillate flower in bottle gourd. Shafike and El-Shoura (2024) also recorded heterosis in days to anthesis first female flower in watermelon. Islam et al. (2024) in ridge gourd found similar findings for days to first female flower, days to first harvest and node to first female flower (number). Research findings of Balat et al. (2020), Vidya et al. (2024) and Triveni et al. (2024) for different flowering traits reported similar results in bitter gourd. 
4. Conclusion

On the basis of desirable high heterosis with respect to flowering traits, cross combinations GH-71 × HBG-36, GH-75 × HBG-36, GH-76 × HBG-36, GH-79 x Pusa Summer Prolific Long and GH-80 × Pusa Sandesh could be exploited for earliness in bottle gourd. F1 hybrids which were best performing over mid, better and standard check for days to first female flower anthesis were GH-79 x Pusa Summer Prolific Long (-8.87 & -7.15%, -14.85 & -12.65% and -7.98 & -4.74%), GH-76 × HBG-36 (-7.04 & -3.83%, -9.08 & -5.87% and -5.37 & & -3.54%), GH-80 × Pusa Sandesh ( -5.47 & -4.61%, -6.29 & -5.62% and -6.54 & -4.85%) and GH-71 × HBG-36 (-4.39 & -3.12%, -9.04 & -6.44% and -5.31 & -4.12%) for rainy and spring-summer season, respectively.
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