


Evaluation of yield and Biochemical Traits of Bottle Gourd [Lagenaria siceraria (Mol.) Standl] in Different environment

Abstract 
Bottle gourd [Lagenaria siceraria (Mol.)] is cultivated year-round in the northern plains of India during the summer and rainy seasons, ensuring a continuous supply of fresh fruits in the market. Therefore, better germplasm is required for cultivation across different environments.” Yet, the Indian productivity of bottle gourd is still below its potential, due to poor-yielding and nutritionally inferior cultivars that are not uniformly good across variable environments. The current study was conducted with the aim of assessing the mean performance of bottle gourd genotypes and hybrids for yield and biochemical characters under three variable environments, with the aim of selecting suitable and stable genotypes that could be effectively used in future crop improvement programmes through breeding. The research was carried out at the Vegetable Research Farm, Department of Horticulture (Vegetable and Floriculture), Bihar Agricultural College, Bihar Agricultural University, Sabour, Bhagalpur (Bihar) in the year 2022. Six genetically dissimilar parental genotypes were chosen to be hybridized. The total yield of fruits per plot in F1 hybrids varied with their mean values of 56.43, 51.70, 46.12 and 51.42 in E1, E2, E3 and pooled, respectively. Taking the yield and quality characters into account simultaneously, PN × BG-65, NJ × PN, NJ × BG-65, RBG × BG-23, and BG-21-2 × PN were the best F₁ hybrids since they performed better than the check variety (Kashi Ganga) in all environments. These hybrids have high potential to be grown in the commercial sector and used in bottle gourd breeding schemes. 
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Introduction
Bottle gourd [Lagenaria siceraria (Mol.) Standl.; 2n = 22], a crop of family Cucurbitaceae, is one of the most significant vegetable crops grown throughout tropical and subtropical parts of the globe. In India, it is commonly referred to as lauki or calabash gourd and holds an important position in the daily diet because of its high yield potentiality, low cost of cultivation, and extensive consumer acceptability. Nationally, bottle gourd is grown on approximately 0.19 million hectares with an output of 3.17 t/ha (PIB, 2021–22).
Nutritionally, the bottle gourd fruits contain good moisture content (96%), carbohydrates, minerals, vitamin C, and dietary fibre. These are also found to possess bioactive compounds like cucurbitacins and omega-3 fatty acids, which impart to them antioxidant, cardioprotective, diuretic, and digestif properties (Singh, D 2011) . In addition to culinary application, seeds and fruit components are used in traditional medicines, whereas full-grown shells are used as spoons, cups, and ornamentation. Increased awareness of health values and nutritional security further boosted its consumption by rural and urban consumers alike. The edible part of the bottle gourd comprises 96.3 percent moisture, 2.9 percent carbohydrates, 0.2 percent protein, 0.1 percent fat, 0.5 percent mineral content and 11 mg of vitamin C (Ascorbic acid) per 100 grams of fresh weight (Thamburaj and Singh, 2005). Currently, in India, the per capita daily availability of vegetables is 175 grams, falling short of the recommended 280 grams per capita per day (Vishnu Swarup, 2022).
Yet, the Indian productivity of bottle gourd is still below its potential, mostly because of the availability of poor-yielding and nutritionally inferior cultivars that are not uniformly good across variable environments. Being highly cross-pollinated (60-80%), the crop has high genetic diversity for yield- and quality-related attributes, which can be well exploited in hybridization and selection programmes (Islam et al., 2021). Assessment of mean performance across environments is especially crucial, as the manifestation of yield and biochemical traits is under the strong influence of genotype × environment interaction (G × E). Detection of stable genotypes with combined high yield and superior biochemical quality is a foundation for effective varietal improvement and commercial utilization (Eberhart, S. A., & Russell, W. A. (1966).
Under these considerations, the current study was conducted with the aim to assess the mean performance of bottle gourd genotypes and hybrids for yield and biochemical characters under three variable environments with the aim to select suitable and stable genotypes that could be effectively used in future crop improvement programmes through breeding.
Materials and Methods
Experimental Site and Seasons
The current research was carried out at the Vegetable Research Farm, Department of Horticulture (Vegetable and Floriculture), Bihar Agricultural College, Bihar Agricultural University, Sabour, Bhagalpur (Bihar) in the year 2022. The experiment was conducted under three grown environments:
· Summer season (February 2022) – referred as Environment-1 (E1)
· Rainy season (May 2022) – referred as Environment-2 (E2)
· Winter season (September 2022) – referred as Environment-3 (E3)
Geographically, the experimental station is located within the humid subtropical region of the Indo-Gangetic Plains of north-eastern India, between 82.12°–83.98° E longitude and 24.47°–26.56° N latitude, at a height of 75 meters above mean sea level and annual rainfall of about 1200 mm. The soil type of the field was sandy loam, a suitable type for the cultivation of cucurbitaceous vegetables.
Hybridization Programme
The hybridization programme was launched in 2021 to produce experimental materials for testing. For the purpose of controlled pollination, male and female flowers due to open the next day were covered in the evening using cotton plugs to prevent foreign contamination of the pollen. On the subsequent day, hand pollination was carried out between 1:30 PM and 4:00 PM, after which the pollinated flowers were re-covered with cotton plugs to stop any possibility of unwanted pollination.
Six genetically dissimilar parental genotypes BRBG-23 (BG-23), BRBG-65 (BG-65), BRBG-21-2 (BG-21-2), Round Bottle Gourd (RBG), Narendra Joyti (NJ), and Pusa Naveen (PN)—were chosen to be hybridized. These parents were crossed in all the possible combinations as per the 6 × 6 full diallel mating design, and this gave rise to the establishment of 30 F₁ hybrids.
Experimental Design and Layout
The test material comprising six parents, 30 F₁ hybrids, and a standard check variety (Kashi Ganga) were tested in a Randomized Block Design (RBD) with three replications, which consisted of a total of 37 treatments. A plot size of 4 m × 3 m was assigned to each treatment, which could hold eight plants per plot with equal spacing. Recommended agronomic practices were adopted to nurture a healthy crop, and conventional plant protection practices were carried out as and when needed.
Traits Recorded
The following important yield and biochemical contributing traits were observed and recorded:
· Length of fruit (cm)
· Diameter of fruit (cm)
· Number of fruits per vine
· Weight of fruit (g)
· Fruit yield per vine (kg)
· Yield per plot (kg)
· Yield per hectare (q)
· TSS (0Brix)
· Ascorbic acid (mg/100g)
· Dry weight (%)
Total sugar (%)Measurements were assessed using a hand refractometer with a range of 0-32 percent for 37 sample including parental and hybrid, and ascorbic acid analysis by A.O.A.C method (2001).
Statistical Analysis
Statistical analysis of the experimental data was done to compare the differences between treatments, and the significance was tested at 1% and * significant at 5%**. The analysis of variance (ANOVA) under RBD followed the method described by Panse and Sukhatme (1967) with the help of indostat software. Parental and hybrid mean performance in the three environments was compared to determine genetic variability, hybrid vigour, and stability for growth and reproductive characteristics.
Results and discussion 
The analysis of variance for an experimental design involving three different environments revealed significant variations in genotype performance across the three environments (p <0.05). These environments were E1 (February 2022), E2 (May 2022) and E3 (September 2022). All the traits in bottle gourd like, number of fruits per vine, fruit length (cm), diameter of fruit (cm), weight of fruit (g), fruit yield per vine (kg), fruit yield per plot (kg), fruit yield hectare (q/ha), TSS (0Brix), ascorbic acid (mg/100g), dry weight (%) and total sugar (%) were assessed and found significant. The mean sum of squares due to replication were non-significant for all traits over all the three environments except in E2 for the trait diameter of fruit (Table 1 to 3) due to replication differences.  In case of pooled analysis, it was observed that the environment, treatment and overall sum showed significant variations for all trait except TSS and ascorbic acid, which were non-significant in overall sum. However, interaction and replication variances were non-significant all traits except diameter of fruit (Table 4).
 Length of fruit (cm)
[bookmark: _GoBack]Examination of data regarding the length of fruit in F1 hybrids shown in Table 5 indicated that the fruit length in F1 hybrids, ranged from 19.33 (RBG x PN) to 49.46 (NJ x  BG-65) in E1, 19.33 (RBG x  PN, RBG x  BG-21-2) to 44.00 (BG-65 x  PN) in E2, 18.00 (RBG x  PN) to 37.67 (BG-65 x  PN) in E3 and 18.89 (RBG x  PN) to 42.94 (NJ x  BG-65) in pooled with their mean values of 36.96, 35.15, 30.30 and 34.14 in E1, E2, E3 and pooled, respectively. On the basis of pooled estimation, the length of fruit in the F1 hybrids namely, NJ x BG-65, NJ x PN, and NJ x BG-21-2 were the best over check (Kashi Ganga) as these recorded maximum values for length of fruit (Singh et al., 2023).
The data recorded among the parents, the length of fruit varied from 15.78 (RBG) to 40.34 (BG-23) in E1, 16.87 (RBG) to 37.87 (NJ) in E2, 14.32 (RBG) to 34.00 (NJ) in E3 and 15.66 (RBG) to 37.04 (NJ) in pooled with their mean value of 33.97, 32.81 28.40 and 31.73 in E1, E2, E3 and pooled, respectively (Dada, 2021 and Singh et al., 2023)
Diameter of fruit (cm)
A critical anlysis of data presented in Table 6. showed that the diameter of fruit in F1 hybrids varied from 9.12 (NJ x  BG-23) to 13.67 (RBG x  PN) in E1, 7.87 (PN x  NJ) to 12.80 (RBG x  BG-21-2) in E2, 6.80  (BG-65 x  NJ) to 11.70 (RBG x  BG-65) in E3 and 8.16 (BG-65 x  NJ) to 12.66 (RBG x  BG-65) in pooled with their mean value in E1, E2, E3 and pooled of 10.78, 9.77, 8.46 and 9.67, respectively.An examination of the data for diameter of fruit, on the basis of pooled data, the F1, namely RBG x BG-65, RBG x NJ, RBG x PN, RBG x BG-21-2, RBG x BG-23, NJ x RBG, BG-23 x RBG, BG-65 x RBG and PN x RBG were the best over check (Kashi Ganga) as these recorded maximum values for diameter of fruit (Bhavanasi, et al., 2022).
Among the parental lines, the diameter of fruit varied from 9.23 (BG-23) to 13.31 (RBG) in E1, 8.26 (BG-23) to 11.47 (RBG) in E2 and 7.32 (BG-21-2) to 10.90 (RBG) in E3, while in pooled, it varied from 8.43 (BG-23) to 11.90 (RBG) with their mean value of 10.69, 9.26, 8.11 and 9.35 in E1, E2, E3 and pooled respectively (SEHGAL, 2022).
Number of fruits per vine 
	A cursory glance over the data presented in Table 6 indicated that the number of fruits per vine in the F1 hybrids varied from 4.56 (PN x  BG-21-2) to 7.78 (RBG x  BG-23) in E1, 4.33 (PN x  BG-65) to 7.42 (RBG x  BG-23) in E2, 3.78 (BG-65 x  PN) to 7.43 (RBG x  BG-23) in E3 and 4.64 (PN x  BG-65) to 7.54 (RBG x  BG-23) in pooled with their mean values of 6.18, 5.57, 5.42 and 5.72 in E1, E2, E3 and pooled, respectively. On the basis of pooled data, the F1, namely RBG x BG-23, BG-65 x RBG, PN x BG-23, RBG x BG-65, RBG x NJ, RBG x PN, RBG x BG-21-2 and RBG x BG-23 were best over check (Kashi Ganga) as these recorded maximum values for number of fruits per vine (Thakur, et al., 2013).
The number of fruits per vine among the parental lines varied from 5.23 (BG-21-2) to 7.23 (RBG) in E1, 4.42 (PN) to 7.76 (RBG) in E2, 4.56 (PN) to 7.66 (RBG) in E3 and 4.90 (PN) to 7.55 (RBG) in pooled with their mean values of 5.92, 5.55, 5.65 and 5.71 in E1, E2, E3 and pooled respectively (Harika, et al., 2012)
Weight of fruit (g)
Data regarding weight of fruit of F1 hybrids presented in Table 7 revealed that the  average fruit weight of F1 hybrids  varied from 999.92 (RBG x  BG-23) to 1454.92 (PN x  BG-65) in E1, 989.87 (RBG x  BG-23) to 1493.67 (BG-65 x  PN) in E2 and 855.42 (RBG x  BG-23) to 1359.22 (BG-65 x  PN) in E3, while in pooled it ranged from 933.27 (BG-23 x  RBG) to 1397.27 (PN x  BG-65) with the mean values of 1244.75, 1191.27, 1062.13 and 1166.05 in E1, E2, E3 and pooled, respectively. On the basis of pooled data, the F1 hybrids, namely, PN x BG-65, BG-65 x PN, NJ x BG-65, NJ x PN, and BG-23 x BG-21-2 were found superior over check (Kashi Ganga) as these recorded maximum values for the average fruit weight (Singh, and Singh, 2020).
An examination of data for weight of fruit in parental lines indicated that the average fruit weight varied from 896.23 (RBG) to 1134.32 (PN) in E1, 832.33 (RBG) to 1175.23 (BG-21-2) in E2, 745.75 (RBG) to 1107.04 (BG-21-2) in E3 and 824.67 (RBG) to 1141.49 (BG-21-2) in pooled with their mean value of 1071.27, 1058.57, 973.14 and 1034.33 in E1, E2, E3 and pooled, respectively (Paratpararao, and Sekhar, 2023).
Fruit yield per vine (kg)
Data displayed in mean summary Table 7 obviously indicated that the fruit yield per vine in F1 hybrids ranged from 6.15 (NJ x  BG-23, BG-23 x  BG-65) to 8.55 (BG-65 x  BG-21-2) in E1, 5.17 (BG-21-2 x  BG-65) to 7.39 (BG-21-2 x  PN) in E2, 4.72 (BG-65 x  BG-23) to 6.83 (NJ x  PN) in E3 and 5.61 (BG-21-2 x  BG-65) to 7.42 (BG-21-2 x  PN) in pooled with their mean values of 7.23, 6.42, 5.78 and 6.48 in E1, E2, E3 and pooled, respectively. On the basis of pooled data, the F1 hybrids namely BG-21-2 x PN, NJ x BG-65, NJ x PN, PN x BG-23 and RBG x BG-23 were found superior to check (Kashi Ganga) as these recorded maximum values for fruit yield per vine (Patel, et al., 2023).
The information collected on account of fruit yield per vine in parental lines showed that the it varied from 5.51 (BG-65) to 6.15 (NJ) in E1, 4.87 (BG-65) to 5.71 (RBG) in E2, 4.01 (BG-65) to 5.07 (NJ) in E3and 4.80 (BG-65) to 5.59 (RBG) in pooled with their mean value of 5.86, 5.28, 4.77 and 5.30 in E1, E2, E3 and pooled, respectively (Bhavanasi, et al., 2022)
Yield per plot (kg)
Table 8 indicated that the total yield of fruits per plot in F1 hybrids varied from 46.19 (BG-21-2 x  RBG) to 69.89 (PN x  BG-65) in E1, 41.68 (BG-21-2 x  BG-65) to 59.41 (BG-21-2 x  PN) in E2, 39.91 (RBG x  PN) to 54.16 (NJ x  PN) in E3 and 44.52 (BG-21-2 x  BG-65) to 59.02 (BG-21-2 x  PN) in pooled with their mean values of 56.43, 51.70, 46.12 and 51.42 in E1, E2, E3 and pooled, respectively. On the basis of pooled data, it was observed that the the fruit yield per plot in the F1 hybrids namely, BG-21-2 x PN, PN x BG-23, NJ x PN, NJ x BG-65 RBG x BG-23, and BG-65 x BG-21-2 were higher than the check (Kashi Ganga) similar finding reported by (Paratpararao, and Sekhar, 2023). 
Among the parental lines, the yield per plot varied from 42.85 (BG-65) to 47.67 (NJ) in E1, 38.99 (BG-65) to 45.72 (RBG) in E2, 32.09 (BG-65) to 40.53 (NJ) in E3and 37.98 (BG-65) to 44.30 (RBG) in pooled with their mean values of 45.49, 42.27, 38.17 and 41.98 in E1, E2, E3 and pooled, respectively.
4.1.16 Yield per hectare (q)
A critical examination of the data (Table 8) showed that the yield per hectare in F1 hybrids varied from 407.10 (BG-21-2 x  RBG) to 604.51 (PN x  BG-65) in E1, 347.23 (BG-21-2 x  BG-65) to 494.89 (BG-21-2 x  PN) in E2, 308.20 (RBG x  PN) to 454.69 (NJ x  PN) in E3 and 378.56 (BG-21-2 x  BG-65) to 499.36 (BG-21-2 x  PN) in pooled with their mean values of 492.38, 432.92, 384.36 and 436.55 in E1, E2, E3 and pooled, respectively. The F1 hybrids namely, BG-21-2 x PN, PN x BG-23, NJ x PN, NJ x BG-65 RBG x BG-23 and BG-65 x BG-21-2 showed the superiority and yielded higher than the check (Kashi Ganga) under pooled analysis (Sharma, et al., 2019, and Gaonkar, et al., 2023).
Among the parental lines, the total fruit yield per hectare varied from 311.26 (BG-65) to 354.02 (NJ) in E1, 291.38 (BG-65) to 366.75 (RBG) in E2, 240.29 (BG-65) to 305.49 (RBG) in E3 and 280.98 (BG-65) to 339.83 (RBG) in pooled with their mean values of 334.30, 330.91, 286.91 and 317.37 in E1, E2, E3 and pooled, respectively (Gaonkar, et al., 2023).
Biochemical trait 
TSS (0Brix)
An examination of data presented in Table 9 obviously indicated that the TSS content in fruits of F1 hybrids ranged from 2.23 (RBG x  NJ) to 4.17 (BG-21-2 x  NJ) in E1, 2.13 (RBG x  BG-23) to 3.79 (BG-23 x  RBG) in E2, 2.12 (RBG x  BG-23) to 4.00 (BG-21-2 x  NJ) in E3 and 2.31 (RBG x  NJ) to 3.74 (BG-65 x  BG-21-2) in pooled with their mean values of 3.26, 3.05, 3.16 and 3.16 in E1, E2, E3 and pooled respectively. On the basis of pooled analysis, it was noticed that the F1 hybrids namely BG-65 x BG-21-2, NJ x BG-21-2, BG-21-2 x NJ, PN x BG-23, BG-65 x BG-23 and RBG x PN recorded higher TSS than the check (Kashi Ganga) similar finding reported by Gaonkar, et al., 2023).
Among the parental lines, the TSS content in fruits varied from 2.23 (BG-21-2) to 2.97 (PN) in E1, 2.10 (NJ) to 3.21 (BG-65, BG-21-2) in E2 and 2.13 (RBG) to 3.06 (PN) in E3, while in pooled, it varied from 2.34 (NJ) to 2.90 (PN) with their mean values of 2.57, 2.86, 2.71 and 2.71 in E1, E2, E3 and pooled, respectively (Iqbal et al., 2019).
Ascorbic acid (mg/100g)
Table 9 clearly indicated that the ascorbic acid content in fruits of F1 hybrids ranged from 6.75 (RBG x  PN) to 9.12 ( BG-65 x  RBG, PN x  BG-23) in E1, 6.61 (BG-65 x  RBG) to 9.12 (PN x  BG-65, PN x  RBG) in E2, 6.80 (BG-65 x  PN) to 9.23 (PN x  BG-65) in E3 and 6.86 (BG-21-2 x  PN) to 8.58 (PN x RBG) in pooled with their mean values of 7.72, 7.80, 7.67 and 7.73 in E1, E2, E3 and pooled, respectively. Pooled analysis showed that the ascorbic acid content in F1 hybrids namely PN x RBG, BG-21-2 x BG-23, PN x NJ, and NJ x PN gave higher values than the check (Kashi Ganga) (Bhavanasi, et al., 2023)
The ascorbic acid content in fruits in parental line varied from 7.13 (NJ) to 8.15 (PN) in E1, and in E2, 6.99 (RBG) to 8.13(NJ) in E2, 7.42 (PN) to 8.93 (BG-21-2) in E3 and 7.41 (BG-23) to 8.07 (BG-65) in pooled with their mean values of 7.74, 7.52, 8.01 and 7.76 in E1, E2, E3 and pooled, respectively (Iqbal, et al., 2019).
 Dry weight (%)
The dry weight of fruits of F1 hybrid (Table 10) ranged from 5.80  (NJ x  BG-21-2) to 8.23 (BG-65 x  RBG) in E1, 3.55 (RBG x  BG-23) to 7.87 (PN x  BG-65) in E2, 4.11 (RBG x  BG-21-2) to 7.98 (PN x  BG-65) in E3 and 5.20 (RBG x  BG-23) to 7.95 (PN x  BG-65) in pooled with their mean values of 7.01, 6.10, 6.61 and 6.57 in E1, E2, E3 and pooled, respectively. Pooled data indicated that the F1 hybrids namely, PN x BG-65, BG-65X RBG, BG-23 x PN, BG-21-2 x RBG and BG-21-2 x BG-23 recorded higher dry weight of fruits than the check (Kashi Ganga) (Patel, et al., 2023)
Among the parental lines, the dry weight of fruits varied from 5.65 (BG-23) to 6.13 (NJ) in E1, 3.53 (PN) to 5.85 (BG-65) in E2, 5.00 (RBG) to 6.00 (NJ) in E3 and 4.80 (BG-23) to 5.81 (NJ, BG-65) in pooled with their mean values of 5.97, 4.82, 5.36, and 5.38 in E1, E2, E3 and pooled, respectively (Patel, et al., 2023).
Total sugar (%)
Total sugar (Table 10) in F1 hybrid ranged from 1.95 (NJ x PN) to 2.47 (BG-23 x BG-21-2) in E1, 1.07 (BG-23 x NJ) to 2.46 (NJ x PN) in E2, 1.71 (BG-65 x RBG) to 2.69 (NJ x PN) in E3 and 1.72 (NJ x BG-65) to 2.37 (NJ x PN) in pooled with their mean values of 2.20, 1.82, 2.11 and 2.05 in E1, E2, E3 and pooled, respectively. Pooled data showed, the F1 hybrid, namely BG-23 x PN, BG-65 x NJ, BG-21-2 x RBG, RBG x BG-65 and RBG x PN showed higher total sugar than the check (Kashi Ganga) closed to result reported by (Bhavanasi, et al., 2022).
Among the parental line, the total sugar content in fruits varied from 1.85 (BG-21-2) to 2.23 (PN) in E1, 1.72 (BG-23) to 2.23 (PN) in E2 and 1.81 (PN) to 2.23 (BG-21-2) in E3, while in pooled, it varied from 1.85 (RBG) to 2.09 (PN) with their mean values of 2.05, 1.87, 1.99 and 1.97 in E1, E2, E3 and pooled, respectively (Gaddam et al., 2022).


Table 1. Mean performance, analysis of variance in E1 for RBD in bottle gourd.
	Sources of Variation
	d.f.
	Length of fruit (cm)
	Diameter of fruit (cm)
	No. of fruits per vine
	Weight of fruit (g)
	Fruits yield per vine (kg)

	Replications
	2
	0.41
	0.06
	0.07
	10197.91
	0.45

	Treatments
	36
	229.65**
	5.44**
	1.92**
	63911.13**
	2.18**

	Error
	72
	6.60
	0.46
	0.20
	8486.30
	0.33

	Total
	110
	79.49
	2.08
	0.76
	26656.46
	0.94

	
	
	
	
	
	
	

	Sources of Variation
	d.f.
	Yield per plot (kg)
	Yield per ha (q)
	TSS (0Brix)
	Ascorbic acid (mg/100g)
	Dry weight (%)
	Total Sugar (%)

	Replications
	2
	8.11
	171.45
	0.01
	0.02
	0.07
	0.01

	Treatments
	36
	138.64**
	16694.91**
	0.91**
	1.19**
	1.66**
	0.07**

	Error
	72
	16.67
	2007.21
	0.02
	0.10
	0.08
	0.01

	Total
	110
	56.43
	6780.72
	0.31
	0.45
	0.60
	0.03



Table 2. Mean performance, analysis of variance in E2 for RBD in bottle gourd.
	Sources of Variation
	d.f.
	Length of fruit (cm)
	Diameter of fruit (cm)
	No. of fruits per vine
	Weight of fruit (g)
	Fruits yield per vine (kg)

	Replications
	2
	0.76
	30.18**
	0.16
	943.66
	0.01

	Treatments
	36
	171.51**
	5.78**
	2.12**
	64782.38**
	1.31**

	Error
	72
	4.92
	0.33
	0.21
	7274.88
	0.16

	Total
	110
	59.37
	2.65
	0.84
	25980.40
	0.53

	
	
	
	
	
	
	

	Sources of Variation
	d.f.
	Yield per plot (kg)
	Yield per ha (q)
	TSS (0Brix)
	Ascorbic acid (mg/100g)
	Dry weight (%)
	Total Sugar (%)

	Replications
	2
	6.87
	217.49
	0.00
	0.00
	0.03
	0.00

	Treatments
	36
	84.66**
	7759.23**
	0.49**
	1.06**
	3.95**
	0.40**

	Error
	72
	9.39
	898.89
	0.01
	0.12
	0.06
	0.01

	Total
	110
	33.98
	3131.70
	0.17
	0.42
	1.34
	0.13



Table 3. Mean performance, analysis of variance in E3 for RBD in bottle gourd.
	Sources of Variation
	d.f.
	Length of fruit (cm)
	Diameter of fruit (cm)
	No. of fruits per vine
	Weight of fruit (g)
	Fruits yield per vine (kg)

	Replications
	2
	0.61
	0.04
	0.02
	1332.64
	0.23

	Treatments
	36
	114.51**
	5.56**
	1.99**
	65180.20**
	1.24**

	Error
	72
	4.55
	0.35
	0.22
	6833.75
	0.23

	Total
	110
	40.46
	2.05
	0.79
	25828.93
	0.56

	
	
	
	
	
	
	

	Sources of Variation
	d.f.
	Yield per plot (kg)
	Yield per ha (q)
	TSS (⁰Brix)
	Ascorbic acid (mg/100g)
	Dry weight (%)
	Total Sugar (%)

	Replications
	2
	3.17
	479.50
	0.00
	0.02
	0.01
	0.00

	Treatments
	36
	77.56**
	7524.16**
	0.66**
	1.07**
	2.80**
	0.14**

	Error
	72
	12.82
	940.94
	0.02
	0.09
	0.08
	0.01

	Total
	110
	33.83
	3087.06
	0.23
	0.41
	0.97
	0.05


** Significant at 1% and * significant at 5%. 
Table 4. Mean performance, analysis of variance in pooled for RBD in bottle gourd.
	Sources of Variation
	d.f.
	Length of fruit (cm)
	Diameter of fruit (cm)
	No. of fruits per vine
	Weight of fruit (g)
	Fruits yield per vine (kg)

	Replicate
	2
	1.75
	10.11**
	0.09
	8191.89
	0.49

	Environments
	2
	1272.16**
	154.12**
	13.73**
	841691.6**
	52.14**

	Interactions
	4
	0.02
	10.09**
	0.08
	2141.16
	0.10

	Overall Sum
	8
	318.49**
	46.10**
	3.49**
	213541.44**
	13.21**

	Treatments
	36
	485.71**
	14.94**
	4.47**
	150719.47**
	3.53**

	Error
	288
	7.76
	0.51
	0.35
	11043.01
	0.33

	
	
	
	
	
	
	

	Sources of Variation
	d.f.
	Yield per plot (kg)
	Yield per ha (q)
	TSS (⁰Brix)
	Ascorbic acid (mg/100g)
	Dry weight (%)
	Total Sugar (%)

	Replicate
	2
	16.06
	742.21
	0.01
	0.01
	0.03
	0.00

	Environments
	2
	2642.31**
	261039**
	0.45**
	0.04
	25.08**
	3.56**

	Interactions
	4
	1.05
	63.12
	0.00
	0.02
	0.04
	0.00

	Overall Sum
	8
	665.12**
	65476.85**
	0.12
	0.02
	6.30**
	0.89**

	Treatments
	36
	218.69**
	25299.55**
	1.16**
	1.60**
	5.57**
	0.26**

	Error
	288
	19.99
	1796.60
	0.13
	0.29
	0.41
	0.05


** Significant at 1% and * significant at 5%. 
Table 5. Mean performance of hybrid and parents and check in individual environments and pooled over environments for inter-nodal length (cm) and fruit length (cm).
	Treatment 
	F1 hybrid 
	Fruit length (cm)

	
	
	E1
	E2
	E3
	Pooled

	T1
	NJ x BG-23
	40.21
	38.78
	32.34
	37.11

	T2
	NJ x BG-65
	49.46
	42.81
	36.56
	42.94

	T3
	NJ x PN
	46.23
	41.34
	36.98
	41.52

	T4
	NJ x BG-21-2
	45.21
	42.31
	36.33
	41.28

	T5
	NJ x RBG
	33.00
	31.34
	26.73
	30.36

	T6
	BG-23 x NJ
	49.23
	38.00
	32.00
	39.74

	T7
	BG -23 x BG-65
	42.34
	42.24
	35.85
	40.14

	T8
	BG-23 x PN
	48.46
	38.33
	31.01
	39.27

	T9
	BG-23 x BG-21-2
	39.36
	42.66
	36.45
	39.49

	T10
	BG-23 x RBG
	34.35
	32.32
	25.23
	30.63

	T11
	BG-65 x NJ
	41.89
	40.45
	32.67
	38.34

	T12
	BG-65 x BG-23
	42.23
	38.43
	31.12
	37.26

	T13
	BG-65 x PN
	42.42
	44.00
	37.67
	41.36

	T14
	BG-65 x BG-21-2
	39.67
	37.42
	32.65
	36.58

	T15
	BG-65 x RBG
	33.23
	32.24
	28.67
	31.38

	T16
	PN x NJ
	40.23
	40.61
	31.78
	37.54

	T17
	PN x BG-23
	42.23
	37.00
	32.24
	37.16

	T18
	PN x BG-65
	38.21
	38.67
	36.32
	37.73

	T19
	PN x BG-21-2
	41.21
	38.45
	34.43
	38.03

	T20
	PN x RBG
	32.23
	33.45
	27.34
	31.01

	T21
	BG-21-2 x NJ
	41.00
	37.67
	33.34
	37.34

	T22
	BG-21-2 x BG-23
	36.23
	39.67
	35.00
	36.97

	T23
	BG-21-2 x BG-65
	38.74
	36.33
	31.45
	35.51

	T24
	BG -21-2 x PN
	37.34
	37.00
	33.21
	35.85

	T25
	BG-21-2 x RBG
	33.24
	34.21
	29.00
	32.15

	T26
	RBG x NJ
	20.24
	18.33
	18.12
	18.90

	T27
	RBG x BG-23
	21.25
	20.67
	19.45
	20.46

	T28
	RBG x BG-65
	19.78
	21.21
	18.67
	19.89

	T29
	RBG x PN
	19.33
	19.33
	18.00
	18.89

	T30
	RBG x BG-21-2
	20.24
	19.33
	18.43
	19.33

	
	Cross mean
	36.96
	35.15
	30.30
	34.14

	                                            Parents 

	T31
	NJ
	39.26
	37.87
	34.00
	37.04

	T32
	BG-23
	40.34
	36.45
	31.00
	35.93

	T33
	BG-65
	35.30
	35.56
	30.32
	33.73

	T34
	PN
	36.59
	35.65
	30.11
	34.12

	T35
	BG-21-2
	36.56
	34.45
	30.65
	33.89

	T36
	RBG
	15.78
	16.87
	14.32
	15.66

	
	Parent mean
	33.97
	32.81
	28.40
	31.73

	T37
	Kashi Ganga (Check)
	39.00
	35.50
	30.23
	34.91

	
	Common Mean
	36.53
	34.78
	29.99
	33.77

	
	C.V. (%)
	7.03
	6.38
	7.11
	8.25

	
	S.E. (±)
	1.48
	1.28
	1.23
	0.93

	
	C.D. 5%
	4.18
	3.61
	3.47
	2.59

	
	C.D. 1%
	5.55
	4.79
	4.61
	3.41


Where NJ= (Narendra Joyti), BG-23= (BRBG-23), BG-65= (BRBG-65), PN= (Pusa Naveen), BG-21-2= (BRBG-21-2) and RBG= (Round bottle gourd).

Table 6. Mean performance of hybrid and parents and check in individual environments and pooled over environments for diameter of fruit (cm) and number of fruits per vine.
	Treatment
	F1 hybrid 
	Diameter of fruit (cm)
	Number of fruits per vine

	
	
	E1
	E2
	E3
	Pooled
	E1
	E2
	E3
	Pooled

	T1
	NJ x BG-23
	9.12
	8.10
	7.71
	8.31
	5.33
	4.89
	5.29
	5.17

	T2
	NJ x BG-65
	9.56
	9.00
	7.97
	8.84
	5.67
	5.29
	5.21
	5.39

	T3
	NJ x PN
	9.45
	8.63
	7.57
	8.55
	5.82
	5.44
	5.45
	5.57

	T4
	NJ x BG-21-2
	10.34
	8.49
	8.26
	9.03
	6.87
	4.44
	4.76
	5.36

	T5
	NJ x RBG
	11.76
	10.75
	10.52
	11.01
	5.98
	6.09
	6.11
	6.06

	T6
	BG-23 x NJ
	9.45
	8.70
	7.08
	8.41
	5.87
	4.98
	4.97
	5.27

	T7
	BG -23 x BG-65
	10.74
	9.36
	8.79
	9.63
	5.34
	4.87
	4.81
	5.01

	T8
	BG-23 x PN
	9.33
	8.15
	7.87
	8.45
	4.66
	5.44
	5.32
	5.14

	T9
	BG-23 x BG-21-2
	10.21
	8.77
	8.79
	9.25
	5.67
	4.41
	4.51
	4.86

	T10
	BG-23 x RBG
	11.71
	11.15
	9.37
	10.74
	7.45
	6.42
	6.43
	6.77

	T11
	BG-65 x NJ
	9.23
	8.45
	6.80
	8.16
	6.00
	5.64
	4.73
	5.46

	T12
	BG-65 x BG-23
	10.21
	8.96
	7.89
	9.02
	5.89
	6.31
	4.45
	5.55

	T13
	BG-65 x PN
	9.56
	8.89
	7.90
	8.78
	6.54
	4.42
	3.78
	4.91

	T14
	BG-65 x BG-21-2
	9.34
	8.58
	7.36
	8.43
	6.74
	5.53
	5.67
	5.98

	T15
	BG-65 x RBG
	11.06
	11.26
	9.62
	10.64
	6.89
	6.53
	6.54
	6.65

	T16
	PN x NJ
	10.35
	7.87
	7.70
	8.64
	5.78
	5.42
	5.56
	5.59

	T17
	PN x BG-23
	10.45
	9.47
	7.53
	9.15
	6.64
	6.28
	6.34
	6.42

	T18
	PN x BG-65
	11.30
	10.01
	8.00
	9.77
	5.15
	4.33
	4.43
	4.64

	T19
	PN x BG-21-2
	11.76
	8.99
	7.34
	9.36
	4.56
	5.09
	5.09
	4.91

	T20
	PN x RBG
	12.54
	10.91
	9.17
	10.87
	6.34
	5.98
	6.13
	6.15

	T21
	BG-21-2 x NJ
	10.56
	9.32
	7.22
	9.03
	5.98
	5.20
	5.21
	5.46

	T22
	BG-21-2 x BG-23
	9.32
	8.79
	7.36
	8.49
	7.76
	4.98
	4.98
	5.91

	T23
	BG-21-2 x BG-65
	9.19
	9.45
	7.24
	8.63
	6.45
	4.53
	4.78
	5.25

	T24
	BG -21-2 x PN
	10.67
	9.69
	7.34
	9.23
	6.45
	6.09
	6.00
	6.18

	T25
	BG-21-2 x RBG
	11.72
	10.32
	7.18
	9.74
	5.67
	6.31
	6.21
	6.06

	T26
	RBG x NJ
	13.34
	11.99
	11.43
	12.25
	6.34
	5.98
	5.88
	6.07

	T27
	RBG x BG-23
	11.44
	11.49
	10.47
	11.14
	7.78
	7.42
	7.43
	7.54

	T28
	RBG x BG-65
	13.56
	12.73
	11.70
	12.66
	6.33
	5.97
	5.81
	6.04

	T29
	RBG x PN
	13.67
	12.17
	10.22
	12.02
	7.00
	6.64
	5.00
	6.21

	T30
	RBG x BG-21-2
	12.39
	12.80
	10.52
	11.91
	6.43
	6.07
	5.67
	6.06

	
	Cross mean
	10.78
	9.77
	8.46
	9.67
	6.18
	5.57
	5.42
	5.72

	
	Parents 
	

	T31
	NJ
	9.92
	8.44
	7.46
	8.61
	5.87
	5.22
	5.17
	5.42

	T32
	BG-23
	9.23
	8.26
	7.80
	8.43
	6.12
	5.89
	5.98
	6.00

	T33
	BG-65
	10.18
	8.52
	7.80
	8.84
	5.34
	5.11
	5.21
	5.22

	T34
	PN
	11.29
	9.19
	7.36
	9.28
	5.72
	4.42
	4.56
	4.90

	T35
	BG-21-2
	10.22
	9.67
	7.32
	9.07
	5.23
	4.89
	5.32
	5.15

	T36
	RBG
	13.31
	11.47
	10.90
	11.90
	7.23
	7.76
	7.66
	7.55

	
	Parent mean
	10.69
	9.26
	8.11
	9.35
	5.92
	5.55
	5.65
	5.71

	T37
	Kashi Ganga
	10.21
	8.69
	8.07
	8.99
	4.67
	4.74
	5.00
	4.80

	
	Common Mean
	10.75
	9.66
	8.39
	9.60
	6.10
	5.54
	5.44
	5.69

	
	C.V. (%)
	6.29
	5.93
	6.99
	7.45
	7.32
	8.31
	8.53
	10.43

	
	S.E. (±)
	0.39
	0.33
	0.34
	0.24
	0.26
	0.27
	0.27
	0.20

	
	C.D. 5%
	1.10
	0.93
	0.96
	0.66
	0.73
	0.75
	0.76
	0.55

	
	C.D. 1%
	1.46
	1.24
	1.27
	0.87
	0.96
	0.99
	1.00
	0.73


Where NJ= (Narendra Joyti), BG-23= (BRBG-23), BG-65= (BRBG-65), PN= (Pusa Naveen), BG-21-2= (BRBG-21-2) and RBG= (Round bottle gourd).

Table 7. Mean performance of hybrid and parents and check in individual environments and pooled over environments for weight of fruit (g) and fruit yield per vine (kg).
	Treatment
	F1 hybrid 
	Weight of fruit (g)
	Fruit yield per vine (kg)

	
	
	E1
	E2
	E3
	Pooled
	E1
	E2
	E3
	Pooled

	T1
	NJ x BG-23
	1232.90
	1132.67
	1019.11
	1128.23
	6.15
	5.42
	5.40
	5.66

	T2
	NJ x BG-65
	1454.91
	1345.00
	1219.56
	1339.82
	7.82
	7.00
	6.43
	7.08

	T3
	NJ x PN
	1374.00
	1365.00
	1268.18
	1335.73
	7.90
	7.31
	6.83
	7.34

	T4
	NJ x BG-21-2
	1108.89
	1405.67
	1286.41
	1266.99
	7.60
	6.12
	6.50
	6.74

	T5
	NJ x RBG
	1219.86
	1031.21
	931.23
	1060.77
	6.87
	6.16
	5.81
	6.28

	T6
	BG-23 x NJ
	1392.67
	1139.00
	1004.55
	1178.74
	7.58
	5.55
	5.11
	6.08

	T7
	BG -23 x BG-65
	1232.91
	1321.46
	1187.01
	1247.13
	6.15
	6.32
	5.83
	6.10

	T8
	BG-23 x PN
	1422.93
	1115.00
	980.55
	1172.83
	6.21
	5.95
	5.34
	5.83

	T9
	BG-23 x BG-21-2
	1221.90
	1432.67
	1340.36
	1331.64
	6.50
	6.20
	5.98
	6.22

	T10
	BG-23 x RBG
	1032.92
	950.67
	816.22
	933.27
	6.57
	5.98
	5.37
	5.97

	T11
	BG-65 x NJ
	1310.87
	1234.67
	1100.22
	1215.25
	7.44
	6.84
	5.32
	6.53

	T12
	BG-65 x BG-23
	1343.90
	1167.20
	1032.75
	1181.28
	7.49
	7.25
	4.72
	6.48

	T13
	BG-65 x PN
	1232.89
	1493.67
	1359.22
	1361.92
	7.63
	6.48
	5.26
	6.46

	T14
	BG-65 x BG-21-2
	1332.84
	1167.89
	1033.44
	1178.06
	8.55
	6.34
	5.98
	6.96

	T15
	BG-65 x RBG
	1141.91
	1046.85
	912.40
	1033.72
	7.44
	6.72
	6.09
	6.75

	T16
	PN x NJ
	1221.87
	1234.65
	1100.20
	1185.57
	6.63
	6.57
	6.24
	6.48

	T17
	PN x BG-23
	1333.89
	1107.33
	972.88
	1138.04
	8.43
	6.83
	6.29
	7.18

	T18
	PN x BG-65
	1454.92
	1435.67
	1301.22
	1397.27
	8.49
	6.10
	5.88
	6.82

	T19
	PN x BG-21-2
	1550.90
	1243.56
	1109.11
	1301.19
	6.64
	6.21
	5.77
	6.21

	T20
	PN x RBG
	1197.87
	1067.34
	932.89
	1066.03
	7.16
	6.26
	5.84
	6.42

	T21
	BG-21-2 x NJ
	1355.89
	1267.45
	1133.00
	1252.11
	7.68
	6.47
	6.02
	6.72

	T22
	BG-21-2 x BG-23
	1030.90
	1289.96
	1155.51
	1158.79
	7.57
	6.30
	5.87
	6.58

	T23
	BG-21-2 x BG-65
	1088.79
	1167.89
	1033.44
	1096.71
	6.59
	5.17
	5.06
	5.61

	T24
	BG -21-2 x PN
	1332.89
	1232.56
	1098.11
	1221.19
	8.17
	7.39
	6.71
	7.42

	T25
	BG-21-2 x RBG
	1121.91
	1053.00
	918.55
	1031.15
	5.93
	6.52
	5.82
	6.09

	T26
	RBG x NJ
	1143.90
	1058.00
	923.55
	1041.82
	6.82
	6.21
	5.55
	6.19

	T27
	RBG x BG-23
	999.92
	989.87
	855.42
	948.40
	7.35
	7.22
	6.48
	7.02

	T28
	RBG x BG-65
	1221.89
	1084.33
	949.88
	1085.37
	7.31
	6.36
	5.64
	6.43

	T29
	RBG x PN
	1121.87
	1036.12
	901.67
	1019.89
	7.42
	6.76
	4.63
	6.27

	T30
	RBG x BG-21-2
	1108.90
	1121.67
	987.22
	1072.60
	6.70
	6.69
	5.72
	6.37

	
	Cross mean
	1244.75
	1191.27
	1062.13
	1166.05
	7.23
	6.42
	5.78
	6.48

	
	Parent 
	

	T31
	NJ
	1121.21
	1123.12
	1085.82
	1110.05
	6.15
	5.14
	5.07
	5.45

	T32
	BG-23
	1021.32
	1021.00
	915.12
	985.81
	5.82
	5.23
	4.96
	5.34

	T33
	BG-65
	1112.32
	1042.65
	908.20
	1021.06
	5.51
	4.87
	4.01
	4.80

	T34
	PN
	1134.32
	1157.11
	1077.22
	1122.88
	6.06
	5.24
	4.55
	5.28

	T35
	BG-21-2
	1142.21
	1175.23
	1107.04
	1141.49
	5.54
	5.50
	5.04
	5.36

	T36
	RBG
	896.23
	832.33
	745.45
	824.67
	6.05
	5.71
	5.00
	5.59

	
	Parent mean
	1071.27
	1058.57
	973.14
	1034.43
	5.86
	5.28
	4.77
	5.30

	T37
	Kashi Ganga
	1202.51
	1199.03
	1041.33
	1147.62
	5.87
	5.50
	5.07
	5.48

	
	Common Mean
	1215.48
	1169.96
	1047.14
	1144.19
	6.97
	6.21
	5.60
	6.26

	
	C.V. (%)
	7.58
	7.29
	7.89
	9.18
	8.23
	6.38
	8.52
	9.15

	
	S.E. (±)
	53.19
	49.24
	47.73
	35.03
	0.33
	0.23
	0.28
	0.19

	
	C.D. 5%
	149.94
	138.83
	134.55
	97.50
	0.93
	0.65
	0.78
	0.53

	
	C.D. 1%
	199.01
	184.26
	178.59
	128.45
	1.24
	0.86
	1.03
	0.70


Where NJ= (Narendra Joyti), BG-23= (BRBG-23), BG-65= (BRBG-65), PN= (Pusa Naveen), BG-21-2= (BRBG-21-2) and RBG= (Round bottle gourd).

Table 8. Mean performance of hybrid and parents and check in individual environments and pooled over environments for yield per plot (kg) and yield per ha.
	Treatment 
	F1 hybrid 
	Yield per plot (kg)
	Yield per ha (q)

	
	
	E1
	E2
	E3
	Pooled
	E1
	E2
	E3
	Pooled

	T1
	NJ x BG-23
	47.93
	43.67
	43.09
	44.90
	421.63
	397.10
	359.67
	392.80

	T2
	NJ x BG-65
	61.32
	56.28
	51.30
	56.30
	533.16
	468.96
	428.06
	476.73

	T3
	NJ x PN
	57.90
	58.76
	54.16
	56.94
	504.66
	489.51
	454.69
	482.95

	T4
	NJ x BG-21-2
	56.14
	49.29
	51.91
	52.45
	490.00
	410.58
	411.01
	437.20

	T5
	NJ x RBG
	53.69
	49.60
	46.04
	49.78
	469.58
	413.17
	387.02
	423.26

	T6
	BG-23 x NJ
	59.44
	44.74
	40.78
	48.32
	517.44
	372.67
	340.47
	410.19

	T7
	BG -23 x BG-65
	48.00
	50.85
	46.52
	48.45
	422.18
	423.53
	388.25
	411.32

	T8
	BG-23 x PN
	48.49
	47.88
	42.57
	46.31
	426.26
	398.88
	355.40
	393.51

	T9
	BG-23 x BG-21-2
	50.76
	49.90
	47.68
	49.45
	445.13
	415.71
	397.94
	419.59

	T10
	BG-23 x RBG
	51.34
	48.19
	42.83
	47.45
	450.00
	401.39
	357.51
	402.97

	T11
	BG-65 x NJ
	58.25
	55.07
	42.47
	51.93
	507.59
	458.72
	354.53
	440.28

	T12
	BG-65 x BG-23
	58.65
	58.28
	37.61
	51.51
	510.93
	485.47
	314.03
	436.81

	T13
	BG-65 x PN
	59.50
	52.18
	41.94
	51.21
	518.01
	434.63
	350.15
	434.26

	T14
	BG-65 x BG-21-2
	67.20
	51.03
	47.72
	55.31
	582.12
	425.06
	398.25
	468.48

	T15
	BG-65 x RBG
	58.27
	54.05
	48.58
	53.63
	507.74
	450.22
	405.42
	454.46

	T16
	PN x NJ
	51.83
	52.89
	49.78
	51.50
	454.09
	440.61
	415.41
	436.70

	T17
	PN x BG-23
	66.19
	54.99
	50.18
	57.12
	573.68
	458.09
	418.81
	483.52

	T18
	PN x BG-65
	69.89
	49.09
	46.96
	55.31
	604.51
	408.93
	391.91
	468.45

	T19
	PN x BG-21-2
	51.90
	50.00
	46.00
	49.30
	454.70
	416.48
	383.97
	418.39

	T20
	PN x RBG
	56.09
	50.42
	46.57
	51.03
	489.55
	420.01
	388.73
	432.76

	T21
	BG-21-2 x NJ
	60.20
	52.09
	48.06
	53.45
	523.77
	433.88
	401.14
	452.93

	T22
	BG-21-2 x BG-23
	59.33
	50.75
	46.88
	52.32
	516.54
	422.76
	391.24
	443.52

	T23
	BG-21-2 x BG-65
	51.52
	41.68
	40.36
	44.52
	451.48
	347.23
	336.96
	378.56

	T24
	BG -21-2 x PN
	64.11
	59.41
	53.55
	59.02
	556.36
	494.89
	446.84
	499.36

	T25
	BG-21-2 x RBG
	46.19
	52.51
	46.47
	48.39
	407.10
	437.45
	387.89
	410.82

	T26
	RBG x NJ
	53.35
	49.97
	44.28
	49.20
	466.73
	416.29
	369.65
	417.56

	T27
	RBG x BG-23
	57.56
	58.12
	51.69
	55.79
	501.85
	484.13
	431.32
	472.43

	T28
	RBG x BG-65
	57.24
	51.18
	44.99
	51.14
	499.15
	459.63
	375.54
	444.77

	T29
	RBG x PN
	58.16
	54.40
	36.91
	49.82
	506.78
	453.14
	308.20
	422.71

	T30
	RBG x BG-21-2
	52.37
	53.83
	45.62
	50.61
	458.60
	448.39
	380.79
	429.26

	
	Cross mean
	56.43
	51.70
	46.12
	51.42
	492.38
	432.92
	384.36
	436.55

	
	Parent 
	

	T31
	NJ
	47.67
	41.12
	40.53
	43.10
	354.02
	327.02
	304.30
	328.45

	T32
	BG-23
	45.33
	41.84
	39.65
	42.28
	331.96
	337.08
	296.38
	321.81

	T33
	BG-65
	42.85
	38.99
	32.09
	37.98
	311.26
	291.38
	240.29
	280.98

	T34
	PN
	46.88
	41.88
	36.39
	41.72
	347.81
	293.22
	252.31
	297.78

	T35
	BG-21-2
	43.05
	44.04
	40.34
	42.48
	313.52
	370.02
	322.67
	335.40

	T36
	RBG
	47.18
	45.72
	40.00
	44.30
	347.24
	366.75
	305.49
	339.83

	T37
	Parent mean
	48.21
	46.07
	41.00
	45.09
	401.58
	378.95
	338.09
	372.87

	
	Kashi Ganga
	45.49
	42.27
	38.17
	41.98
	334.30
	330.91
	286.91
	317.37

	
	Common Mean
	54.43
	50.02
	44.69
	49.71
	464.29
	414.92
	367.31
	415.50

	
	C.V. (%)
	7.50
	6.13
	8.01
	8.99
	9.65
	7.23
	8.35
	10.20

	
	S.E. (±)
	2.36
	1.77
	2.07
	1.49
	25.87
	17.31
	17.71
	14.13

	
	C.D. 5%
	6.65
	4.99
	5.83
	4.15
	72.92
	48.80
	49.93
	39.33

	
	C.D. 1%
	8.82
	6.62
	7.74
	5.47
	96.79
	64.77
	66.27
	51.81


Where NJ= (Narendra Joyti), BG-23= (BRBG-23), BG-65= (BRBG-65), PN= (Pusa Naveen), BG-21-2= (BRBG-21-2) and RBG=(Round bottle gourd).

Table 9. Mean performance of hybrid and parents and check in individual Environments and pooled over environments for TSS (0Brix) and Ascorbic acid (mg/100g).
	Treatment 
	F1 hybrid 
	TSS (0Brix)
	Ascorbic acid (mg/100g)

	
	
	E1
	E2
	E3
	Pooled
	E1
	E2
	E3
	Pooled

	T1
	NJ x BG-23
	3.18
	3.19
	3.60
	3.32
	8.34
	7.34
	7.83
	7.84

	T2
	NJ x BG-65
	3.27
	2.67
	3.46
	3.13
	7.69
	8.10
	7.80
	7.86

	T3
	NJ x PN
	2.90
	2.87
	3.00
	2.92
	7.86
	8.23
	8.08
	8.06

	T4
	NJ x BG-21-2
	3.53
	3.25
	3.86
	3.55
	7.22
	8.02
	7.70
	7.65

	T5
	NJ x RBG
	3.13
	2.95
	3.12
	3.07
	8.03
	7.98
	7.05
	7.69

	T6
	BG-23 x NJ
	3.03
	3.07
	2.94
	3.01
	7.13
	8.34
	8.11
	7.86

	T7
	BG -23 x BG-65
	3.34
	3.49
	3.10
	3.31
	8.13
	7.69
	7.87
	7.89

	T8
	BG-23 x PN
	3.03
	3.10
	3.14
	3.09
	7.78
	7.43
	7.08
	7.43

	T9
	BG-23 x BG-21-2
	3.80
	3.22
	3.45
	3.49
	7.12
	7.21
	7.55
	7.29

	T10
	BG-23 x RBG
	3.21
	3.79
	3.23
	3.41
	7.13
	8.25
	8.02
	7.80

	T11
	BG-65 x NJ
	2.55
	3.01
	3.10
	2.89
	6.78
	8.11
	8.00
	7.63

	T12
	BG-65 x BG-23
	3.37
	3.63
	3.13
	3.38
	7.18
	7.86
	7.75
	7.60

	T13
	BG-65 x PN
	3.44
	2.95
	3.65
	3.35
	8.26
	7.13
	6.80
	7.40

	T14
	BG-65 x BG-21-2
	4.03
	3.22
	3.98
	3.74
	7.35
	7.12
	7.20
	7.22

	T15
	BG-65 x RBG
	2.83
	3.34
	2.98
	3.05
	9.12
	6.61
	7.38
	7.70

	T16
	PN x NJ
	2.53
	3.23
	3.11
	2.96
	8.12
	8.26
	8.23
	8.20

	T17
	PN x BG-23
	3.60
	3.12
	3.45
	3.39
	9.12
	7.35
	7.27
	7.91

	T18
	PN x BG-65
	2.63
	2.94
	3.10
	2.89
	8.85
	9.12
	9.23
	9.07

	T19
	PN x BG-21-2
	3.97
	3.50
	3.21
	3.56
	8.23
	8.12
	7.43
	7.93

	T20
	PN x RBG
	2.60
	2.96
	2.76
	2.77
	8.00
	9.12
	8.62
	8.58

	T21
	BG-21-2 x NJ
	4.17
	2.39
	4.00
	3.52
	8.34
	8.23
	6.93
	7.83

	T22
	BG-21-2 x BG-23
	3.53
	3.22
	2.45
	3.07
	7.10
	8.00
	7.83
	7.64

	T23
	BG-21-2 x BG-65
	2.30
	2.95
	2.30
	2.52
	7.80
	8.34
	8.80
	8.31

	T24
	BG -21-2 x PN
	3.63
	3.46
	3.12
	3.40
	6.99
	7.10
	6.50
	6.86

	T25
	BG-21-2 x RBG
	4.00
	2.67
	3.12
	3.26
	8.07
	7.80
	7.20
	7.69

	T26
	RBG x NJ
	2.23
	2.25
	2.45
	2.31
	7.34
	8.07
	8.10
	7.84

	T27
	RBG x BG-23
	2.90
	2.13
	2.12
	2.38
	6.95
	7.34
	7.73
	7.34

	T28
	RBG x BG-65
	3.60
	3.51
	2.89
	3.33
	7.98
	7.10
	7.28
	7.45

	T29
	RBG x PN
	3.80
	3.00
	3.34
	3.38
	6.75
	7.98
	7.67
	7.47

	T30
	RBG x BG-21-2
	3.60
	2.30
	3.67
	3.19
	6.90
	6.75
	7.00
	6.88

	
	Cross mean
	3.26
	3.05
	3.16
	3.16
	7.72
	7.80
	7.67
	7.73

	
	Parent
	

	T31
	NJ
	2.70
	2.10
	2.23
	2.34
	7.13
	8.13
	8.10
	7.79

	T32
	BG-23
	2.27
	3.00
	3.04
	2.77
	7.23
	7.23
	7.77
	7.41

	T33
	BG-65
	2.43
	3.21
	2.81
	2.82
	7.93
	8.12
	8.17
	8.07

	T34
	PN
	2.97
	2.67
	3.06
	2.90
	8.15
	7.56
	7.42
	7.71

	T35
	BG-21-2
	2.23
	3.21
	2.98
	2.81
	8.02
	7.12
	8.93
	8.02

	T36
	RBG
	2.80
	2.98
	2.13
	2.64
	7.98
	6.99
	7.68
	7.55

	
	Parent mean
	2.57
	2.86
	2.71
	2.71
	7.74
	7.52
	8.01
	7.76

	T37
	Kashi Ganga
	3.10
	3.01
	3.08
	3.06
	7.23
	7.33
	7.21
	7.26

	
	Common Mean
	3.14
	3.01
	3.09
	3.08
	7.71
	7.75
	7.71
	7.72

	
	C.V. (%)
	4.58
	3.99
	4.68
	11.56
	4.00
	4.40
	3.83
	6.98

	
	S.E. (±)
	0.08
	0.07
	0.08
	0.12
	0.18
	0.20
	0.17
	0.18

	
	C.D. 5%
	0.23
	0.20
	0.24
	0.33
	0.50
	0.56
	0.48
	0.50

	
	C.D. 1%
	0.31
	0.26
	0.31
	0.44
	0.67
	0.74
	0.64
	0.66


Where NJ= (Narendra Joyti), BG-23= (BRBG-23), BG-65= (BRBG-65), PN= (Pusa Naveen), BG-21-2= (BRBG-21-2) and RBG= (Round bottle gourd).

Table 10. Mean performance of hybrid and parents and check in individual environments and pooled over environments for dry weight (%) and total sugar (%).
	Treatment 
	F1 hybrid 
	Dry weight (%)
	Total sugar (%)

	
	
	E1
	E2
	E3
	Pooled
	E1
	E2
	E3
	Pooled

	T1
	NJ x BG-23
	6.12
	6.52
	6.21
	6.29
	2.34
	1.45
	1.80
	1.86

	T2
	NJ x BG-65
	5.91
	5.29
	6.34
	5.85
	2.15
	1.27
	1.73
	1.72

	T3
	NJ x PN
	5.99
	6.51
	6.21
	6.24
	1.95
	2.46
	2.69
	2.37

	T4
	NJ x BG-21-2
	5.80
	6.40
	5.67
	5.96
	2.10
	2.21
	2.17
	2.16

	T5
	NJ x RBG
	6.98
	6.73
	7.41
	7.04
	2.12
	1.24
	1.90
	1.75

	T6
	BG-23 x NJ
	7.80
	5.86
	7.36
	7.01
	2.45
	1.07
	2.18
	1.90

	T7
	BG -23 x BG-65
	5.91
	5.95
	6.32
	6.06
	1.98
	2.17
	2.04
	2.06

	T8
	BG-23 x PN
	7.91
	7.01
	7.14
	7.35
	2.45
	2.14
	2.16
	2.25

	T9
	BG-23 x BG-21-2
	7.23
	6.17
	6.92
	6.77
	2.47
	2.09
	2.05
	2.20

	T10
	BG-23 x RBG
	7.12
	4.01
	5.08
	5.40
	2.34
	1.62
	1.90
	1.95

	T11
	BG-65 x NJ
	7.10
	6.15
	7.00
	6.75
	2.14
	2.39
	2.44
	2.32

	T12
	BG-65 x BG-23
	7.11
	4.83
	4.55
	5.50
	2.34
	1.94
	2.00
	2.09

	T13
	BG-65 x PN
	6.85
	6.49
	6.89
	6.74
	2.01
	1.45
	2.03
	1.83

	T14
	BG-65 x BG-21-2
	7.34
	6.71
	7.10
	7.05
	2.34
	1.30
	2.10
	1.91

	T15
	BG-65 x RBG
	8.23
	7.70
	6.70
	7.54
	2.01
	1.65
	1.71
	1.79

	T16
	PN x NJ
	7.95
	6.02
	7.97
	7.31
	2.32
	1.96
	1.90
	2.06

	T17
	PN x BG-23
	6.89
	6.58
	7.34
	6.94
	2.15
	1.39
	1.96
	1.84

	T18
	PN x BG-65
	8.01
	7.87
	7.98
	7.95
	2.00
	1.39
	1.93
	1.78

	T19
	PN x BG-21-2
	7.12
	5.91
	6.59
	6.54
	2.32
	2.07
	2.03
	2.14

	T20
	PN x RBG
	6.01
	6.21
	6.25
	6.16
	1.99
	2.24
	2.16
	2.13

	T21
	BG-21-2 x NJ
	6.74
	7.25
	7.23
	7.07
	2.21
	1.43
	2.31
	1.98

	T22
	BG-21-2 x BG-23
	8.11
	6.73
	6.92
	7.25
	2.19
	1.48
	2.47
	2.05

	T23
	BG-21-2 x BG-65
	6.98
	5.22
	6.78
	6.33
	2.10
	2.20
	2.20
	2.17

	T24
	BG -21-2 x PN
	7.12
	6.72
	7.21
	7.02
	2.13
	2.01
	2.37
	2.17

	T25
	BG-21-2 x RBG
	6.94
	7.17
	7.89
	7.33
	2.34
	2.23
	2.28
	2.28

	T26
	RBG x NJ
	6.34
	3.72
	6.21
	5.42
	2.23
	1.81
	2.07
	2.04

	T27
	RBG x BG-23
	6.78
	3.55
	5.27
	5.20
	2.10
	1.84
	2.28
	2.07

	T28
	RBG x BG-65
	6.98
	4.51
	6.67
	6.05
	2.34
	2.07
	2.33
	2.25

	T29
	RBG x PN
	7.12
	6.15
	6.89
	6.72
	2.30
	2.14
	2.23
	2.23

	T30
	RBG x BG-21-2
	7.68
	6.98
	4.11
	6.26
	2.10
	2.03
	1.93
	2.02

	
	Cross mean
	7.01
	6.10
	6.61
	6.57
	2.20
	1.82
	2.11
	2.05

	
	Parent
	

	T31
	NJ
	6.13
	5.29
	6.00
	5.81
	2.14
	2.03
	1.99
	2.05

	T32
	BG-23
	5.65
	3.72
	5.04
	4.80
	2.05
	1.72
	2.10
	1.96

	T33
	BG-65
	6.08
	5.85
	5.49
	5.81
	1.98
	1.74
	1.89
	1.87

	T34
	PN
	5.78
	3.53
	5.37
	4.89
	2.23
	2.23
	1.81
	2.09

	T35
	BG-21-2
	6.08
	5.27
	5.28
	5.54
	1.85
	1.90
	2.23
	1.99

	T36
	RBG
	6.10
	5.25
	5.00
	5.45
	2.03
	1.59
	1.92
	1.85

	
	Parent mean
	5.97
	4.82
	5.36
	5.38
	2.05
	1.87
	1.99
	1.97

	T37
	Kashi Ganga
	6.28
	5.31
	6.21
	5.93
	2.10
	1.74
	1.93
	1.92

	
	Common Mean
	6.82
	5.87
	6.39
	6.36
	2.17
	1.83
	2.09
	2.03

	
	 C.V. (%)
	4.17
	4.26
	4.48
	10.09
	3.93
	3.83
	4.27
	10.92

	
	S.E. (±)
	0.16
	0.14
	0.17
	0.21
	0.05
	0.04
	0.05
	0.07

	
	C.D. 5%
	0.46
	0.41
	0.47
	0.60
	0.14
	0.11
	0.15
	0.21

	
	C.D. 1%
	0.61
	0.54
	0.62
	0.78
	0.18
	0.15
	0.19
	0.27


Where NJ= (Narendra Joyti), BG-23= (BRBG-23), BG-65= (BRBG-65), PN= (Pusa Naveen), BG-21-2= (BRBG-21-2) and RBG= (Round bottle gourd).

Conclusion 
A detailed analysis of mean performance over environments and combined analysis showed remarkable variation between F₁ hybrids and parents for yield and quality traits. Taking the yield and quality characters into account simultaneously, PN × BG-65, NJ × PN, NJ × BG-65, RBG × BG-23, and BG-21-2 × PN were the best F₁ hybrids since they performed better than the check variety (Kashi Ganga) in all environments. Although in case of parents NJ, PN, BG-23 better parent for yield and quality traits. These hybrids are of high potential to be grown in the commercial sector and used in bottle gourd breeding schemes. 
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