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Abstract 

Bottle gourd [Lagenaria siceraria (Mol.) Standl.] being an under exploited cucurbitaceous vegetable has 

a wide range of variability. Exploitation of hybrid vigour provides ample scope for improving the genetic 

architecture of bottle gourd. The investigation was carried out using 6×6 half diallel mating system and 

the parents and hybrids were evaluated for earliness and vegetative traits. The genotypes showed 

significant differences for all the characters under study. Evaluation of the parents based on gca effects 

revealed that the parent Punjab Komal was the best combiner for all the earliness traits under study 

except for days to fifty percent flowering while, the parents KBG-16 and GH-22 was the best general 

combiner for number of primary branches per vine and vine length at final harvest. For earliness traits, 

the hybrid from the cross Pusa Naveen×Punjab Komal showed significantly higher negative standard 

heterosis and significant sca effects for a number of traits under study. For vegetative traits, the hybrid 

from the cross KBG-16×Pusa Samridhi showed highly significant heterosis and sca effects for most of 

the traits. 
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Introduction 

Bottle gourd [Lagenaria siceraria (Mol.) Standl.] also called as calabash gourd or white 

flowering gourd has its origin from India. India is bestowed with a wide range of genetic 

diversity which makes it possible for its genetic improvement. Bottle gourd is bred mainly 

with respect to the consumers preference like fruit shape, size and longevity. The presence of 

showy flowers and easily crossable techniques makes it economical for hybrid production. 

Currently, increasing attention is being paid to breeding of superior cultivars, with greater 

focus on development of hybrid seed (Dubey and Maurya, 2007) [2]. Heterosis breeding is a 

major tool to improve the genetic architecture of bottle gourd. Identification and selection of 

best parental lines that are required to produce genetically rewarding germplasm by 

hybridization have to be based on complete information of their genetic potency. Also, 

screening of the parents and crosses before their use in any breeding programme is to be 

emphasized and combining ability analysis based on the progeny test data, is very useful to 

evaluate the genotypes for a wide range of quantitative characters (Feyzian et al., 2009) [4]. 

The diallel cross determines both gca and sca of parent and hybrid combinations, respectively. 

Therefore, it helps in formulating the breeding methodology for crop improvement. The diallel 

analysis exploiting the inbreds from the local indigenous germplasm of bottle gourd is of great 

significance. The involvement of parents with highest gca effects and making suitable crosses 

for obtaining hybrids with high sca effects helps in augmenting the efforts of heterosis 

breeding. Commercial hybrids have played a major role in improving the yield of the 

vegetable crops presently. With these points in view, the present investigation was designed to 

improve the germplasm of bottle gourd with major emphasis on earliness and vegetative traits. 

 

Materials and Methods  

The experiment was conducted at Research Farm of the Department of Vegetable Science, 

CCS Haryana Agricultural University, Hisar during spring-summer and rainy season of 2017. 

The experimental material comprised of 6 genetically diverse genotypes of bottle gourd viz., 

KBG-16, Pusa Naveen, Pujab Long, Pusa Samridhi, GH-22 and Punjab Komal and two 

standard check hybrids namely, HBGH-35 (Local hybrid) and Pusa Hybrid-3 (National level 
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(National level released hybrid). Fifteen F1 crosses were 

generated from mating them in 6×6 half diallel system 

excluding reciprocals. These hybrids along with parents was 

grown in Randomized Block Design and evaluated against the 

standard check hybrids. The seeds of the hybrids obtained by 

crossing in June 2017 were sown along with Standard check 

during second week of July, 2017. The seeds were sown in a 

Randomized Block Design with twenty three entries in three 

replications and plot size was 3.0 m×2.5 m. Observations 

were recorded for days to 50% germination, days to first male 

and female flower opening, nodes to first male and female 

flower opening, days to first fruit harvest, number of primary 

branches per vine, leaf length (cm), leaf width (cm), and vine 

length at final harvest (m). The analysis of variance was 

carried out as per Panse and Sukhatme (1985) [8]. Heterosis 

was calculated as the percentage increase or decrease of mean 

F1 performance (F1) over means of the two standard checks. 

The mean of all the replications for each parents, hybrids and 

check for all characters was computed and used in estimation 

of heterosis. The significance of the magnitude of heterosis 

was ascertained by following the formula of Wynne et al., 

(1970) [16]. The combining ability analysis for different 

characters was carried according to procedure detailed by 

Griffing (1956) [5] Model I (fixed effect model) Method II 

(parents and one set of F1’s excluding reciprocals), where 

parents and F1s were included without reciprocals.  

 

Results and Discussion 

The analysis of variance showed significant differences due to 

treatments for all the characters (Table 2). This indicates 

presence of sufficient amount of variation for all the traits and 

selection will be effective to improve them. 

 

Evaluation of hybrids based on estimates of heterosis for 

earliness traits 

Exploitation of heterosis in cultivated plants is one of the 

most important accomplishments of the science of genetics in 

agricultural practices. Earliness is an important consideration 

in vegetable crops for realizing the potential economic yield 

as soon as possible and is the ultimate goal of any vegetable 

grower. The cross with highly significant negative heterosis 

for earliness traits was considered the best. Early germination 

is very important for good crop establishment. Early 

germination might be due to the vigorous and good quality 

seeds obtained by crossing. For days to  

 
Table 1: Analysis of variance for various traits in a half diallel set of 

bottle gourd 
 

 
Mean sum of square 

Source Replications Genotypes Error 

Degrees of freedom (df) 2 22 44 

Days to fifty percent germination 3.14 1.93** 0.99 

Days to first male flower opening 2.04 22.65** 1.08 

Days to first female flower opening 0.44 4.89** 0.62 

Nodes to first male flower 0.72 3.09** 0.53 

Nodes to first female flower 1.13 4.89** 0.55 

Days to first fruit harvest 1.08 7.80** 0.73 

Number of primary branches per vine 1.92 7.08** 0.60 

Leaf length (cm) 1.27 3.55** 1.35 

Leaf width (cm) 3.13 6.72** 1.07 

Vine length at final harvest (m) 0.01 2.13** 0.01 

* and ** indicates significance at 5% and 1% level, respectively 
 

Fifty percent germination, the range of heterosis over the 

Local check hybrid HBGH-35 and National check Pusa 

Hybrid-3 was -8.33 to 25.00% and -24.16 to 3.41%, 

respectively. Eight crosses showed heterosis in desirable 

direction i.e., negative heterosis over the checks HBGH-35 

and Pusa Hybrid-3, respectively. The highest significant 

heterosis in desirable direction over the checks HBGH-35 (-

8.33%) and Pusa Hybrid-3 (-24.16%) was recorded in five 

crosses namely, KBG-16×Pusa Naveen, KBG-16×Punjab 

Long, Pusa Naveen×Pusa Samridhi, Punjab Long×Punjab 

Komal and Pusa Samridhi×Punjab Komal and thus, were 

found to be early in germination as against the checks. The 

results were in harmony with Yadav and Kumar (2011) who 

also reported heterosis for days to 50% germination in bottle 

gourd. For days to male flower opening, the range of heterosis 

varied from -12.59 to 5.37% over Local check hybrid HBGH-

35 and -12.88 to 5.01% over National check Pusa Hybrid-3. 

The crosses which were highly heterotic over standard checks 

HBGH-35 and Pusa Hybrid-3 in desirable direction were Pusa 

Naveen×Punjab Komal (-12.59%, -12.88%) followed by 

KBG-16×Punjab Komal (-9.16%, -9.47%) and KBG-16×GH-

22 (-8.57%, -8.88%), respectively. The heterosis for days to 

first female flower opening over the local check hybrid 

HBGH-35 ranged from -4.26 to 3.76% while, for that over 

Pusa Hybrid-3 ranged from -10.39 to -2.88%. The highest 

significant negative heterosis over the check HBGH-35 was 

recorded only in the cross GH-22×Punjab Komal (-4.26%). 

All the crosses exhibited significant negative heterosis over 

the check Pusa Hybrid-3 in desirable direction. The cross GH-

22×Punjab Komal (-10.39%) revealed the highest significant 

negative heterosis followed by the cross KBG-16×Punjab 

Komal (-8.31%) and Pusa Naveen×Punjab Komal (-7.35%). 

The current findings find the support of Janranjani et al. 

(2016) who also reported the highest significant standard 

heterosis for days to first female flower opening in the cross 

Pusa Naveen×NDBG-164 in bottle gourd. The heterosis for 

nodes to first male flower anthesis over Local check hybrid 

HBGH-35 and National check Pusa Hybrid-3 ranged from -

35.35 to 7.07% and -41.26 to -2.72%, respectively. All the 

crosses exhibited heterosis in desired direction over the check 

Pusa Hybrid-3. The same crosses Pusa Naveen×Punjab Long, 

Pusa Naveen×Punjab Komal, KBG-16×Punjab Long showed 

maximum significant negative heterosis over the check 

HBGH-35 (-35.35%, -29.29%, -22.22%) and Pusa Hybrid-3 (-

41.26%, -35.76%, -29.33%) in the order of merit, 

respectively. Podder et al. (2010) also reported maximum 

heterosis for nodes to first male flower and days to first male 

flower opening in snake gourd. For nodes to first female 

flower anthesis the heterosis over Local check hybrid HBGH-

35 and National check Pusa Hybrid-3 ranged from -23.36 to 

4.95% and -28.42 to -1.98%. All the crosses exhibited 

heterosis in desired direction over the Local check hybrid 

Pusa Hybrid-3. The same crosses Pusa Naveen×Punjab Long, 

Pusa Naveen×Punjab Komal, KBG-16×Punjab Long showed 

maximum significant heterosis over Local check hybrid 

HBGH-35 (-23.36%, -18.81%, -14.39%) and over Pusa 

Hybrid-3 (-28.42%, -24.17%, -20.04%) in the order of merit, 

respectively. For days to first fruit harvest, the range of 

heterosis over Local check hybrid HBGH-35 varied from -

4.31 to 2.57% and over National check Pusa Hybrid-3 ranged 

from -9.32 to -2.80%. The crosses which were highly 

heterotic over standard checks HBGH-35 in desirable 

direction are Punjab Long×Punjab Komal (-4.31%) followed 

by KBG-16×Punjab Komal (-4.24%) and Pusa 

Naveen×Punjab Komal (-4.11%). All the crosses exhibited 

significant heterosis over the check Pusa Hybrid-3. The same 

former mentioned crosses showed heterosis in desired 

direction over Pusa Hybrid-3 with values -9.32%, -9.25% and 
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-9.13% in the order of merit, respectively. The results are in 

close conformity with those obtained by Thangamani et al. 

(2011) also reported significant negative heterosis for days to 

first female flower opening, nodes to first female flower and 

days to first fruit harvest in bitter gourd. Also, significant 

heterosis for days to first male and female flower anthesis and 

days to first fruit harvesting was reported by Singh et al. 

(2011) in bottle gourd. 

 

Evaluation of hybrids based on estimates of heterosis for 

vegetative traits 

In studying heterosis, Dey et al. (2012) observed that there is 

tremendous scope in improving vegetative and flowering 

traits by developing F1 hybrids in bitter gourd. The range of 

heterosis for number of primary branches per vine over the 

Local check hybrid HBGH-35 varied from -9.06 to 38.67% 

and that of National check hybrid ranged from -2.73 to 

48.32%. The highest significant heterosis in desirable 

direction over the standard checks HBGH-35 and Pusa 

Hybrid-3 was found in the cross KBG-16×GH-22 (38.67%, 

48.32%) followed by Pusa Samridhi×GH-22 (28.35%, 

37.28%) and KBG-16×Pusa Samridhi (27.71%, 36.59%), 

respectively. The highest positive and significant heterosis is 

desirable for number of primary branches per vine as it is 

directly related with increase in fruit yield per plant as 

suggested by Yadav and Kumar (2011). For leaf length, the 

heterosis over the Local hybrid check HBGH-35 ranged from 

-6.87 to 12.18% while, that of National hybrid check ranged 

from -11.43 to 6.70%. The highest significant heterosis in 

desirable direction over the standard check HBGH-35 was 

recorded in the cross KBG-16×Pusa Samridhi (12.18%) 

followed by Pusa 
 

Table 2: Standard Heterosis (%) for different characters in 6×6 half diallel set of bottle gourd 
 

 

 

Days to fifty percent 

germination 

Days to first male 

flower opening 

Days to first female 

flower opening 

Nodes to first male 

flower 

Nodes to first 

female flower 

Heterosis (%) over Heterosis (%) over Heterosis (%) over Heterosis (%) over 
Heterosis (%) 

over 

Crosses SC1 SC2 SC1 SC2 SC1 SC2 SC1 SC2 SC1 SC2 

KBG-16×Pusa Naveen -8.33** -24.16** -2.01 -2.35 0.52 -5.92** -9.09 -17.40** -5.69 -11.92** 

KBG-16×Punjab Long -8.33* -24.16** 1.06* 0.72 3.59** -3.04** -13.13* -21.07** -8.23* -14.29** 

KBG-16×Pusa Samridhi 0.00* -17.27** 3.13* 2.78* 3.76** -2.88** 7.07 -2.72 4.95 -1.98 

KBG-16×GH-22 -4.17* -20.72** -8.57** -8.88** 0.01 -6.40** 0 -9.14 0.13 -6.48 

KBG-16×Punjab Komal 8.33* -10.38 -9.16** -9.47** -2.04* -8.31** -17.17** -24.74** -10.84** -16.73** 

Pusa Naveen×Punjab Long 25.00* 3.41 2.89* 2.54 2.74** -3.84** -35.35** -41.26** -23.36** -28.42** 

Pusa Naveen×Pusa Samridhi -8.33* -24.16** -8.21** -8.53** 0.01 -6.40** -15.15** -22.91** -9.91* -15.85** 

Pusa Naveen×GH-22 8.33* -10.38 -1.01 -1.34 2.05* -4.48** -6.06 -14.65** -4.02 -10.35** 

Pusa Naveen×Punjab Komal 0 -17.27** -12.59** -12.88** -1.02 -7.35** -29.29** -35.76** -18.81** -24.17** 

Punjab Long×Pusa Samridhi -4.17* -20.72** -6.92** -7.23** 2.74** -3.84** -1.01 -10.06* -0.33 -6.91 

Punjab Long×GH-22 -4.17* -20.72** -7.21** -7.53** 0.35 -6.08** -12.12* -20.15** -7.70* -13.79** 

Punjab Long×Punjab Komal -8.33* -24.16** -1.78 -2.11 0.86 -5.60** -1.01 -10.06* -0.13 -6.73 

Pusa Samridhi×GH-22 8.33* -10.38 -7.92** -8.23** 2.57* -4.00** 3.03 -6.39 4.08 -2.79 

Pusa Samridhi×Punjab Komal -8.33* -24.16** 5.37** 5.01** 2.91** -3.68** -22.22** -29.33** -14.39** -20.04** 

GH-22×Punjab Komal 4.17* -13.82* -0.24 -0.58 -4.26** -10.39** -15.15** -22.91** -9.64* -15.60** 

S. E. ± 0.7 0.7 0.84 0.84 0.39 0.39 0.6 0.6 0.62 0.62 

C.D. at 5% 1.41 1.41 1.7 1.7 0.78 0.78 1.21 1.21 1.25 1.25 

C.D. at 1% 1.89 1.89 2.28 2.28 1.04 1.04 1.62 1.62 1.68 1.68 

* and ** significant at 5% and 1% level 
 

Table 2: (cont.) 
 

 

Days to first fruit 

harvest 

Number of primary 

branches per vine 

Leaf length 

(cm) 

Leaf width 

(cm) 

Vine Length 

(m) 

 
Heterosis (%) over Heterosis (%) over Heterosis (%) over Heterosis (%) over Heterosis (%) over 

Crosses SC1 SC2 SC1 SC2 SC1 SC2 SC1 SC2 SC1 SC2 

KBG-16×Pusa Naveen 0.17 -5.08** 16.10** 24.17** 4.42** -0.69 -3.20** 1.95 -11.40** 14.16** 

KBG-16×Punjab Long 2.57** -2.80** -0.03 6.93** -3.50** -8.22** -14.31** -9.74** -19.64** 3.54** 

KBG-16×Pusa Samridhi 2.48** -2.89** 28.35** 37.28** 12.18** 6.70** 3.00** 8.49** 4.85** 35.10** 

KBG-16×GH-22 -0.77 -5.96** 38.67** 48.32** -6.34** -10.92** -10.81** -6.06** 11.72** 43.95** 

KBG-16×Punjab Komal -4.24** -9.25** -9.06** -2.73 5.72** 0.55** 2.97** 8.46** -21.36** 1.33 

Pusa Naveen×Punjab Long 1.68* -3.64** 5.78* 13.13** -3.01* -7.75 -10.20** -5.42** -19.41** 3.83** 

Pusa Naveen×Pusa Samridhi -0.23 -5.46** 3.2 10.38** 0.4 -4.51** -7.65** -2.74* -32.35** -12.83** 

Pusa Naveen×GH-22 1.90* -3.43** 9.65* 17.27** 6.94** 1.71 -1.43 3.82** -23.53** -1.47 

Pusa Naveen×Punjab Komal -4.11** -9.13** -0.03 6.93** -1.48 -6.30** 1.09 6.48** -13.58** 11.36** 

Punjab Long×Pusa Samridhi 0.61 -4.65** 6.42** 13.82** -0.25 -5.13** -2.67* 2.51* -13.12** 11.95** 

Punjab Long×GH-22 0.26 -4.99** 10.29** 17.96** -6.87** -11.43** -7.76** -2.85* -10.14** 15.78** 

Punjab Long×Punjab Komal -4.31** -9.32** 7.07** 14.51** 5.79** 0.62 -4.00** 1.12 -3.62** 24.19** 

Pusa Samridhi×GH-22 1.64* -3.69** 27.71** 36.59** -5.80** -10.41** -6.62** -1.65 3.94** 33.92** 

Pusa Samridhi×Punjab Komal 1.59* -3.73** -7.77** -1.35 -4.46** -9.13** -3.49** 1.65 -27.77** -6.93** 

GH-22×Punjab Komal -3.61** -8.66** 3.2 10.38** -0.37 -5.24** -5.00** 0.06 -12.20** 13.13** 

S. E. ± 0.4 0.4 0.4 0.4 0.34 0.34 0.45 0.45 0.22 0.22 

C.D. at 5% 0.81 0.81 0.8 0.8 0.68 0.68 0.91 0.91 0.44 0.44 

C.D. at 1% 1.08 1.08 1.07 1.07 0.91 0.91 1.22 1.22 0.58 0.58 

* and ** significant at 5% and 1% level 
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Naveen×GH-22 (6.94%) and Punjab Long×Punjab Komal 

(5.79%). Only two crosses showed significant positive 

heterosis over the check Pusa Hybrid-3 which were KBG-

16×Pusa Samridhi (6.70%) and KBG-16×Punjab Komal 

(0.55%). The heterosis for leaf width, over the local check 

hybrid HBGH-35 ranged from -14.31 to 3.00% while, that for 

National check Pusa Hybrid-3 ranged from -9.74 to 8.49%. 

The highest significant positive heterosis over the check 

HBGH-35 was recorded only in two crosses KBG-16×Pusa 

Samridhi (3.00%) and KBG-16×Punjab Komal (2.97%). The 

highest significant positive heterosis over the check Pusa 

Hybrid-3 was recorded in the cross KBG-16×Pusa Samridhi 

(8.49%), KBG-16×Punjab Komal (8.46%), Pusa Naveen × 

Punjab Komal (6.48%) in the order of merit, respectively. 

Significant heterosis for leaf area was also reported by 

Koppad et al. (2015) [7] in ridge gourd. The heterosis for vine 

length over the Local check hybrid HBGH-35 ranged from -

32.35 to 11.72% while, that over National check hybrid 

ranged from -12.83 to 43.95%. The crosses KBG-16×GH-22 

(11.72%) followed by KBG-16×Pusa Samridhi (4.85%) and 

Pusa Samridhi×GH-22 (3.94%) showed the highest 

significant positive heterosis for vine length over the check 

HBGH-35. The same three crosses showed significant 

positive heterosis over the check Pusa Hybrid-3 with the 

values 43.95%, 35.10% and 33.92%, respectively. For vine 

length, the highest positive heterosis was reported in the cross 

Pusa Naveen×Punjab Komal by Janaranjani et al. (2016) [6] in 

bottle gourd. 

 

Estimation of combining ability effects 

Analysis of variance for combining ability showed significant 

variance for gca and sca for all the seven characters. The sca 

variances were higher in magnitude for all characters, which 

indicated the predominance of dominance variance in control 

of these traits. Estimates of general and specific combining 

ability effects for ten different traits in 6×6 diallel mating 

system are represented in the Table 4 and Table 5, 

respectively. Information with respect to gca effects of 

parents is of mere importance as it helps in determining the 

genetic potentiality of the parents. The gca effects are directly 

influenced by the mean performance of the genotypes. 

Among the six parents, Punjab Komal and Punjab Long 

showed highest significant negative gca effects for varying set 

of earliness characters. The parent Punjab Komal showed 

significant gca effects for leaf width and all the earliness traits 

except for days to fifty percent germination hence, can be 

considered best for earliness breeding. The parent Punjab 

Long (-0.18**) showed significantly highest negative gca 

effects for days to fifty percent flowering, days to first female 

flower opening and nodes to first female flower anthesis. Ray 

et al. (2015) identified Pusa Naveen as the best general 

combiner for nodes to first male and female flower. The 

parents KBG-16 and GH-22 showed significant gca effects 

for number of primary branches per vine and vine length at 

final harvest (m). These parents with good gca effect for a 

character also exhibits good per se performance. The parent 

Pusa Samridhi was reported to have highest significant gca 

effects for vine length and number of primary branches by 

Shinde et al. (2016) in bottle gourd. The cross Punjab 

Long×Punjab Komal (-1.00**) showed significantly highest 

negative sca effect indicating best specific cross combination, 

followed by KBG-16×Pusa Naveen (-0.79**) and Pusa 

Samridhi×Punjab Komal (-0.70*). The top three crosses with 

highest significant negative gca effects for days to first male 

flower opening were Pusa Naveen×Punjab Komal (-4.04**) 

followed by KBG-16×GH-22 (-3.12**) and Pusa 

Naveen×Pusa Samridhi (-2.67**). For days to first female 

flower opening, only five cross combinations exhibited 

significant negative sca effects, among which KBG-16×GH-

22 (-3.83**), Punjab Long×GH-22 (-3.42**) and Pusa 

Samridhi×GH-22 (-2.89**) were found to be the best cross 

combinations. For earliness with respect to nodes to first male 

flower anthesis only two crosses Pusa Naveen×Punjab Long 

(-2.04**) and Pusa Naveen× Punjab Komal (-0.91**) were 

found to be the best specific cross combinations with highest 

significant negative sca effects. The only best cross 

combination revealing the highest significant negative sca 

effects for early node number to first female flower anthesis 

was Pusa Naveen×Punjab Long (-1.20**). For days to first 

fruit harvest the hybrids from the crosses KBG-16×Punjab 

Komal (-2.07**) followed by GH-22×Punjab Komal (-

1.59**), Punjab Long×Punjab Komal (-1.58**) and Pusa 

Naveen×Punjab Komal (-1.57**) were the best combinations 

in the order of merit, respectively. The significant sca effects 

for days to first male and female flower anthesis and days to 

first harvesting was also reported by Singh et al. (2012) in 

bottle gourd. For node to first male and female flower 

significant sca effects was also reported in bitter gourd by 

Radharani et al. (2013). 

Out of the fifteen crosses, four crosses showed significant 

positive sca effects for number of branches per vine and four 

negative. The cross KBG-16×GH-22 (2.87**) indicated the 

best specific cross combination for branching, which was 

closely followed by KBG-16×Pusa Samridhi (2.03**) and 

Pusa Samridhi×GH-22 (1.84**). For leaf length the best cross 

combinations with the highest significant positive sca effects 

were KBG-16×Pusa Samridhi (2.68**) followed by the 

crosses Pusa Naveen×GH-22 (1.23**) and Punjab 

Long×Punjab Komal (1.17**). For leaf width the crosses 

KBG-16×Pusa Samridhi (3.10**) followed by KBG-

16×Punjab Komal (1.73**) and Punjab Long×Pusa Samridhi 

(1.36*) were the best cross combinations with highest 

significant positive sca effects. The best cross combinations 

with highest significant positive sca effects for vine length 

were Pusa Samridhi×GH-22 (1.11**) followed by Punjab 

Long×Punjab Komal (1.10**), KBG-16×GH-22 (0.94**) and 

KBG-16×Pusa Samridhi (0.93**). The highest sca effects for 

number of primary branches and vine length was also 

reported by Dubey and Maurya (2006) [1] in bottle gourd.  

 In most of the crosses, either of the parents possessed high 

gca effects, thereby, suggesting the importance of 

involvement of parents with high gca effects in the production 

of crosses expected to have high sca effects. The hybrid from 

the cross Pusa Naveen×Punjab Komal showed significantly 

higher negative standard heterosis and significant sca effects 

for a number of earliness traits under and therefore, can be 

used for earliness breeding. While for vegetative traits, the 

hybrid from the cross KBG-16×Pusa Samridhi csn be further 

exploited since it possesed significant heterosis as well as sca 

effects for most of the traits 



 

~ 24 ~ 

International Journal of Chemical Studies 

Table 3: Analysis of variance for combining ability for various traits in 6×6 half diallel set of bottle gourd 
 

Source 
Degrees of 

freedom (df) 

Days 

to 

50% 

Germination 

Days to 

first 

male 

flower 

opening 

Days to 

first 

female 

flower 

opening 

Nodes 

to 

first 

male 

flower 

Nodes 

to 

first 

female 

flower 

Days 

to 

first 

fruit 

harvest 

Number of 

primary 

branches 

per vine 

Leaf 

length 

(cm) 

Leaf 

width 

(cm) 

Vine length at 

final harvest 

(m) 

Mean sum 

of square 

Gca 5 0.54** 12.33** 47.02** 2.45** 8.70** 9.79** 9.07** 0.82** 7.70** 2.84** 

Sca 15 2.05** 27.92** 18.71** 3.05** 3.31** 6.13** 6.43** 4.75** 6.86** 1.90** 

Error 40 0.16 1.06 0.67 0.54 0.58 0.72 0.52 0.26 1.11 0.01 

* and ** indicates significance at 5% and 1% level, respectively 

 
Table 4: Estimates of general combining ability for 18 characters in 6×6 half diallel set of bottle gourd 

 

Parents 

Days 

to 

50% 

Germination 

Days to 

first 

male 

flower 

opening 

Days to first 

female 

flower 

opening 

Nodes to 

first 

male 

flower 

Nodes to 

first 

female 

flower 

Days 

to 

first 

fruit 

harvest 

Number of 

primary 

branches per 

vine 

Leaf 

length 

(cm) 

Leaf 

width 

(cm) 

Vine length at final 

harvest 

(m) 

KBG-16 0.02 -0.02 -0.46** 0.47** 0.76** 0.36* 0.45** 0.08 -0.33 0.55** 

Pusa Naveen -0.01 0.82** -0.83** -0.18 -0.13 -0.05 0.25 0.30** 0.32 -0.28** 

Punjab Long -0.18** -0.38 -0.71** 0.16 -0.44** 0.17 -0.22** -0.04 -0.38* -0.22** 

Pusa Samridhi -0.14** -0.28 -0.15 -0.06 0.35* 0.72** 0.06 -0.21* -0.33 -0.18** 

GH-22 0.23** 0.84** 2.81** 0.06 0.34* 0.27 0.55** -0.14 -0.28 0.31** 

Punjab Komal 0.06 -0.97** -0.65** -0.45** -0.87** -1.13** -1.11** 0.01 1.02** -0.18** 

S.E. (gi) ± 0.07 0.19 0.15 0.14 0.14 0.15 0.13 0.09 0.19 0.02 

C.D. at 5% 0.14 0.39 0.31 0.28 0.29 0.31 0.26 0.18 0.38 0.03 

C.D. at 1% 0.18 0.52 0.41 0.37 0.38 0.41 0.35 0.24 0.51 0.04 

* and ** significant at 5% and 1% level 
 

Table 5: Estimates of specific combining ability for various characters in 6×6 half diallel set of bottle gourd 
 

S. No. Crosses 

Days to 

50% 

Germinat

ion 

Days to 

first 

male 

flower 

opening 

Days to first 

female 

flower 

opening 

Nodes 

to 

first 

male 

flower 

Nodes 

to first 

female 

flower 

Days 

to first 

fruit 

harvest 

Number 

of 

primary 

branches 

per vine 

Leaf 

length 

(cm) 

Leaf 

width 

(cm) 

Vine length at 

final harvest(m) 

1. KBG-16×Pusa Naveen -0.79** -0.01 -0.06 -0.19 -0.21 -0.39 0.26 0.46 0.49 -0.15** 

2. KBG-16×Punjab Long -0.62** 2.64** 1.45** -0.87* -0.22 1.22** -1.34** -0.91** -2.28** -0.81** 

3. KBG-16×Pusa Samridhi 0.01 3.51** 0.96* 1.02** 0.62 0.27 2.03** 2.68** 3.10** 0.93** 

4. KBG-16×GH-22 -0.37 -3.12** -3.83** 0.32 0.03 -1.31** 2.87** -1.43** -1.29* 0.94** 

5. KBG-16×Punjab Komal 0.79** -1.58** -1.36** -0.58 -0.12 -2.07** -1.61** 1.03** 1.73** -0.97** 

6. Pusa Naveen×Punjab Long 2.08** 2.65** 1.39** -2.04** -1.20** 1.08* -0.39 -1.02** -1.65** 0.04 

7. Pusa Naveen×Pusa Samridhi -0.62** -2.67** -0.50 -0.14 -0.33 -1.00* -1.02** -0.11 -0.91 -0.95** 

8. Pusa Naveen×GH-22 0.33 -0.41 -2.47** 0.48 0.42 0.77 -0.67 1.23** 0.99 -0.80** 

9. Pusa Naveen×Punjab Komal -0.16 -4.04** -0.50 -0.91** -0.21 -1.57** -0.25 -0.75** 0.48 0.42** 

10. Punjab Long×Pusa Samridhi 0.20 -0.85 0.71 0.67 1.17** -0.38 -0.12 0.09 1.36* 0.40** 

11. Punjab Long×GH-22 -0.50* -2.12** -3.42** -0.37 0.27 -0.14 -0.11 -1.41** -0.28 0.12** 

12. Punjab Long×Punjab Komal -1.00** 2.25** 0.30 1.07** 2.43** -1.58** 1.14** 1.17** -0.40 1.10** 

13. Pusa Samridhi×GH-22 0.79** -2.55** -2.89** 1.11** 0.93* -0.17 1.84** -1.01** 0.01 1.11** 

14. Pusa Samridhi×Punjab Komal -0.70** 5.51** 0.74 -0.46 -0.15 1.21** -1.06** -0.87** -0.30 -0.71** 

15. GH-22×Punjab Komal -0.41* 1.74** -0.15 0.00 0.45 -1.59** -0.13 -0.06 -0.83 -0.06 

 
S.E. (sij) ± 0.20 0.53 0.42 0.38 0.39 0.43 0.37 0.26 0.54 0.04 

 
C.D. at 5% 0.40 1.07 0.84 0.76 0.79 0.86 0.74 0.52 1.09 0.08 

 
C.D. at 1% 0.54 1.43 1.12 1.02 1.05 1.16 0.99 0.70 1.45 0.11 

* and ** significant at 5% and 1% level 

 

References 

1. Dubey SK, Maurya IB. Combining ability studies in 

bottle gourd [Lagenaria siceraria (Molina) Standl.]. 

Indian Journal of Horticulture. 2006; 63(2):178-181. 

2. Dubey SK, Maurya IB. Combining ability for characters 

related to yield and earliness in bottle gourd (Lagararia 

siceraria (Mol.) Standl.). Indian Journal of. Agricultural 

Resarch. 2007; 41(1):59-62. 

3. Dey SS, Behera TK, Munshi AD, Rakshit S, Bhatia R. 

Utility of gynoecious sex form in heterosis breeding of 

bitter gourd and genetics of associated vegetative and 

flowering traits. Indian Journal of Horticulture. 2012; 

69(4):523-529. 

4. Feyzian H, Dehghani H, Rezai AM, Javaran MJ. Diallel 

cross analysis for maturity and yield-related traits in 

melon (Cucumis melo L.). Euphytica. 2009; 83:217–226. 

5. Griffing B. Concept of general and specific combining 

ability in relation to diallel crossing system. Australian 

Journal of Biological Science. 1956; 9:463–493. 

6. Janaranjani KG, Kanthaswamy V, Kumar SR. Heterosis, 

combining ability and character association in bottle 

gourd for yield attributes. International Journal of 

Vegetable Science. 2016; 22(5):490-515. 

7. Koppad SB, Chavan ML, Hallur R. Line×tester analysis 

of physiological traits for fruit yield and related 



 

~ 25 ~ 

International Journal of Chemical Studies 

characters in Luffa acutangula (Roxb.) L. The Bioscan. 

2015; 10(2):527-534. 

8. Panse VG, Sukhatme PV. Statistical methods for 

agricultural workers ICAR, ICAR Publication. New 

Delhi 4th Edition, 1985. 

9. Podder R, Rasul MG, Islam AKMA, Mian MAK, Ahmed 

JU. Combining ability and heterosis in snake gourd 

(Tricosanthes cucurminata L). Bangladesh Journal of 

Plant Breeding and Genetics. 2010; 23(2):1-6. 

10. Radharani K, Reddy K, Raju C. Heterosis and combining 

ability for quantitative traits in bitter gourd (Momordica 

charantia L.). Current Advances in Agricultural 

Sciences. 2013; 5(2):184-188. 

11. Ray P, Yadav G, Baramwal D, Singh H. Genetic 

estimates and gene action for obtaining promising 

heterotic hybrids in bottle gourd [Lagenaria siceraria 

(Molina) Standl.]. The Bioscan. 2015; 10(2):801-806. 

12. Shinde S, Supe VS, Gaikwad SS. Combining ability 

studies for earliness and yield in bottle gourd (Lagenaria 

siceraria L. (Molina) Standl.) in kharif season. Asian 

Journal of Science and Technology. 2016; 7(5):2846-

2849. 

13. Singh PP, Singh SP, Pandey S. Heterosis in bottle gourd 

[Lagenaria siceraria L. (Molina) Standl.] over two varied 

seasons. Vegetable Science. 2011; 38(1):39-43. 

14. Singh SK, Upadhyay AK, Pandey J, Pandey AK. Studies 

on heterosis and combining ability in bottle gourd 

[Lagenaria siceraria (Molina) Standl.] for yield traits. 

Annals of Horticulture, 2012; 5(2):246-251. 

15. Thangamani C, Pugalendhi L, Sumathi T, Kavitha C, 

Rajashree V. Research article estimation of combining 

ability and heterosis for yield and quality characters in 

bitter gourd (Momordica charantia L.). Electronic 

Journal of Plant Breeding. 2011; 2(1):62-66. 

16. Wynne JC, Emery DA, Rice PW. Combining ability 

estimation in Arachis hypogea II field performance of F1 

hybrids. Crop Science. 1970; 10:713-715. 

17. Yadav YC, Kumar S. Heterosis and inbreeding 

depression in bottle gourd [Lagenaria siceraria (Molina) 

Standl.]. Progressive Horticulture. 2011; 43(2):294-301. 


