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ABSTRACT  

Combining abilities (GCA and SCA) for nine characters were estimated in five inbred 

lines and their 10 hybrids in pumpkin. The variances due to general and specific combining 

ability (GCA and SCA) were highly significant for all characters of 15 populations (parents 

and hybrids). Variabilities were high in all the nine characters indicating the possibilities of 

improvement through selection. Specific combining ability variances were significant for all 

characters except fruit per plant and flesh thickness while general combining ability were 

significant for PRSV-W incidence and yield per plant which indicated the presence of 

dominance for more or less all characters but additivity is available for only few characters. 

Parents (P1&P2) showed good GCA for disease incidence and P2 showed good GCA for 

yield per plant. Good SCA were found to involve the hybrids P1xP3 for  PRSV-W disease 

incidence, all cross for early male and female flower, P1xP2, P1xP3, P2xP4,  P2xP5, P3xP5 

and P4xP5 for nodes to 1st female flower, all cross except P1xP5 and P2xP3 for fruit per 

plant, P1xP3, P1xP4, P1xP5, P2xP3, P2xP4 and P2xP5 for average fruit weight, P1xP2 and 

P2xP4 for %Total soluble solids, P1xP3, P1xP4, P2xP4, P2xP5, P3xP4 for yield per  plant 

and could be exploited for hybrid vigour. Significant heterotic effects were observed in 

several cross combinations. The 5x5 half diallel excluding reciprocal crosses showed 

significant variation in heterosis for nine characters. The desired outstanding crosses for 

disease incidence were P1xP3, P1xP4 and P1xP5 for mid parent P1xP3 and P1xP4 for better 

parent. The highest heterobeltiotic effect for earliness of male flower was observed in the 

cross P1xP3 and mid heterosis for early male flower was observed in P1xP2. The highest 

heterobeltiotic effect for earliness of female flower was observed in the crosses P1xP3 and 

mid heterosis for early female flower was observed in P1xP5. Maximum mid heterotic effect 

in respect of fruits per plant, weight of fruit were P1 x P3 and P2 x P5, respectively and 

heterobeltiotic effect in cross P1xP3 and P2xP5, respectively. The highest heterobeltiosis was 
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shown by the crosses P1 x P3, P2 x P4 and P3xP4 for flesh thickness, % TSS and node to 1st 

female flower, respectively may be considered for PRSV-W disease resistance and quality 

hybrids in pumpkin. Maximum heterotic effect for yield per plant in mid and better parents 

was observed in P2xP5 and P1xP3, P2xP5 and P1xP3, respectively. Considering the cross 

combination P1xP3 seemed to be the best one, followed by P2xP5 and P1xP2. These three 

combinations should be used for further harnessing the benefits of the dominance nature of 

the genes present in the parent populations. 

 

 

INTRODUCTION 

Pumpkin (Cucurbitamoschata Dutch. ex Poir.) is an important vegetable crop in the 

family Cucurbitaceae. Among the cucurbitaceous vegetables pumpkin has an importance due 

to its year round production, considerable market price, high carotene content and long 

keeping quality. Many viruses affect pumpkin and cause mosaic diseases. Papaya ringspot 

virus (PRSV-W) is the one of the most destructive and widespread disease of pumpkin. 

Plants may become infected at any stage of growth, from emergence of the seedling to near 

maturity (Takanami 1981). Infection by certain viruses causes significant economic losses 

and yield reduction (estimated by 30% on susceptible cultivars). Viral diseases have an 

important status because they not only cause direct damage to the host, but also predispose 

the plant to secondary invaders (Beute 1970 and Mahgoubet al. 1997).Besides high yielding 

ability, the crops suffer from PRSV-W disease. The selection of pumpkin resistant varieties 

and continuous breeding programme for disease resistance appears to be the efficient means 

of controlling the disease (PRSV-W).  

Combining ability studies are more reliable as they provide useful information for the 

selection of parents in terms of performance of the hybrids and elucidate the nature and 

magnitude of various types of gene actions involved in the expression of quantitative traits. 

Heterosis can play a vital role in increasing the yield quality and resistant against pathogen of 

pumpkin. It refers to the phenomenon in which F1 hybrid obtained by crossing of two 

genetically dissimilar inbred lines or genotypes, shows increased or decreased vigor over the 

better parent or mid parent value Poehlman (1979). Very little work had been done on 

resistance to PRSV-W and its mode of inheritance. So, it is important to continue in this 

direction in order to cover and confirm obtaining resistance varieties of pumpkin. Such 

studies in these areas will assist the plant breeders in formulating an efficient strategy for 

incorporating the resistant genes into high yielding improved and stable varieties of the crop. 
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Considering the above idea in mind the present investigation was undertaken with the 

objective: 

• To evaluate the parents and hybrids through combining ability and heterosis in PRSV-

W disease resistance in pumpkin. 

 

MATERIALS AND METHODS 

The investigation was conducted at the experimental field of Bangabandhu Sheikh 

Mujibur Rahman Agricultural University (BSMRAU), Salna, Gazipur. The experiment was 

carried out from June 2012 to October 2012. The material for this study presented in Table 1 

and Plate 1 was comprised between five genotypes. A 5x5 half diallel cross without 

reciprocals were constructed using Griffing’ second method (Griffing 1956, Garretsen and 

NABKeuls 1978, Mądry and UbyszBorucka 1982) with the following five parental lines 

(Table 1) which were maintained pumpkin inbred lines resistant or moderately resistant or 

moderately susceptible or susceptible to PRSV-W (Parents).  

Table 1.  Number and name of genotypes and sources of the watermelon parental used in the 

present investigation  

Genotype Name of Genotype Source  

1 P1= Pk31-2-4 BARI 

2 P2 =Pk07-4-7 BARI 

3 P3=Pk13-1-1 BARI 

4 P4=BARI mistikumra1 BARI 

5 P5=Pk05-1-2 BARI 

All five parents and 10 crosses were evaluated in June 2012 in a randomized block 

design with three replicates. The beds were spaced at 2.0 m and the plants at 1.0 m. Plants 

infected with PRSV-W were confirmed by serological test. The samples were preserved 

following the procedures as described by Bos 1967. Inoculum of PRSV-W was prepared by 

grinding the infected ‘pumpkin’ leaves using mortar and pestle in 0.02 M phosphate buffer, 

pH 7.0. Leaf to buffer ratio was 1:10 (1 g infected leaf to 10 ml buffer). The sap obtained 

after passing through double ply cheese cloth was used as inoculum. For inoculation 

mechanical inoculation method using carborundum powder (800 meshes, Fisher Scientific, 

Fair Lawn, NJ) was followed (Daryono 2006).Before development of true leaf, both 

cotyledons of pumpkin seedlings were rubbed with the carborundum to make minor injuries. 

The inoculum sap was soaked with cotton and rubbed on the injured areas of leaf for 

inoculation. After inoculation, carborundum powder was rinsed off with water. All operations 

were done under sterile conditions. Inoculated pumpkin seedlings were kept in aphid-proof 
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cages for 10 days. Ten days after inoculation, the seedlings were transplanted in the main 

field.  Procedures of land cultivation preparation of bed and pits, application of manures and 

fertilizers, transplanting of seedlings, intercultural operations were the same as described 

earlier. Observations were recorded on plants with respect to traits, namely, PRSV-W 

incidence, days to 1
st
 male flower, days to 1

st
female flower, nodes of 1

st
 female flower, 

number of fruits per plant, average fruit weight (kg), flesh thickness (cm), total soluble solids 

(%) and fruit yield per plant (kg). Data were subjected to analysis of variance. Combining 

ability effects and variances were worked out (Kempthorne 1957). The amount of heterosis 

was determined as increasing percentage of the F1 hybrids over their mid and better parents 

(Bhatt 1971). On the other hand, PRSV-W disease assessment was measured under field 

conditions as percentage of infected leaf after 55 days from planting. The data obtained in the 

present study were subjected to statistical analysis whenever needed (Steel and 

Torri1984).The layout of experiment is shown in Table 2. 

Table 2. Layout of the half diallel cross design based on the Griffing’s second method for 

five pumpkin lines 

Pumpkin  lines P1 P2 P3 P4 P5 

P1      

P2 P1xP2     

P3 P1xP3 P2xP3    

P4 P1xP4 P2xP4 P3xP4   

P5 P1xP5 P2xP5 P3xP5 P4xP5  

 

RESULTS AND DISCUSSION 

Combining ability study 

The analyses of variance for the nine traits studied are presented in Table 3. GCA of 

effects for five traits varied significantly among the parents. For mean PRSV-W incidence 

(%), days to 1
st
 female flower, average fruit weight (kg), %TSS and yield/plant (kg), GCA 

effects were significant at α <0.01 level which indicated that there is possibilities of 

improvement of these characters using the breeding methods where additivity of characters is 

desirable, such  as recurrent selection, base population improvement, etc. GCA therefore 

plays an important role in determining these traits. The SCA effects also played an important 

role in affecting most of these traits (Table 3). For PRSV-W incidence (%), days to 1
st
 male 

and female flower, nodes of 1
st
 female flowering, average fruit weight (kg), %TSS and 

yield/plant (kg), SCA effects were significant at α <0.01 level. SCA indicated the possibilities 

of hybrid variety development using their dominant nature, although additivity is present in 
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seven of the nine characters.Almost similar results have been reported by Masud et al. (2006) 

in bottle gourd and Shaban and Abdelssalam (2009) for evaluation of Fusarium wilt in 

watermelon. 

Table 3. ANOVA for GCA and SCA of the parents and hybrids of pumpkin  

Sources 

of 

variatio

n 

d f EMS 
PRSV-W 

incidence 

(%) 

Days 

to 1
st
 

male 

flower 

Days to 

1
st
 

female 

flower 

Nodes 

of 1
st
 

female 

flower 

Fruit/p

lant 

Average 

weight 

(kg) 

Flesh 

thickness 

(cm) 

%TSS Yield/ 

plant 

(kg) 

GCA 5 157.12** 1.02 5.34** 1.82 0.20 2.19** 0.24 4.13** 29.72** 

SCA 10 65.41** 4.6** 11.3** 4.1** 0.12 8.33** 0.13 3.83** 45.82** 

Error 20 0.05 0.29 3.40** 0.22 0.00 0.03 0.01 0.08 0.02 

*P=0.05, **P=0.01 

The general combining abilities of each of the parents are presented in Table 4. All 

parents showed significant GCA effects for PRSV-W disease incidence but P1 and P2 

showed significant negative effects for disease resistance which are enhancing desirable 

characters. P2 & P5 showed significant effects for yield/plant (kg). P1& P3 showed negative 

GCA for 1
st
 male flower. P2, P3 & P4 showed negative GCA for 1

st
 female flower. (P1 & 

P3), (P2, P3 & P4) and (P1, P2 & P3) showed negative insignificant GCA effects in days to 

1
st
 male and female flower, nodes to 1

st
 female flower which are desirable. (P2 & P5), (P1, P2 

& P4), (P1, P2 & P4) and (P1, P2 & P5) showed positive insignificant GCA effects for 

fruit/plant, average fruit weight, flesh thickness, %TSS, respectively. Insignificant yield per 

plant showed positive GCA in P2 while negative in P5. Results indicated that these characters 

could be considered for further improvement through recurrent selection involving these 

parents. 

In spite of the importance of the disease resistance in pumpkin, the progress made in 

resistance breeding to Papaya ringspot virus-W (PRSV-W) disease in pumpkin is rarely and 

it should be taken into consideration in the future breeding programme. Therefore, it is 

urgently to shed the light on the pumpkin host resistance, since it is acknowledged that, 

resistant pumpkin varieties could potentially form the basis of sustainable management 

strategies for the diseases (Asiedet al. 1998).  The selection of resistant varieties and 

continuous breeding programme for disease resistance appears to be the efficient means of 

controlling the disease considering (PRSV-W).The results of this study clearly indicated that 

high genetic variation was observed from diallel technique, for Papaya ringspot virus 

(PRSV-W) disease resistance in pumpkin. Using this technique, we showed that P1 (Pk31-2-

4) and P2 (Pk07-4-7) were highly resistant for PRSV-W and possess the highest negative 

values of GCA. Therefore, they could be considered good combiners for PRSV-W resistant 
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and showing their aptitude to transmit the resistance trait at any future breeding program. 

Similar finding was reported in earlier by Shukla et al. (1978) and Ma et al. (1995).This 

agrees with an earlier report that it is difficult to breed for reduced susceptibility to grey 

mould (Hondelmann 1965). 

Table 4. GCA effects of five parents of pumpkin 

Parent s PRSV-W 

incidence 

(%) 

Days to 

1
st
 male 

flower 

Days to 

1
st
female 

flower 

Nodes of 

1
st
 female 

flower 

Fruit/ 

plant 

Average 

weight 

(kg) 

Flesh 

thicknes

s (cm) 

%TSS Yield/pl

ant (kg) 

P1 -82.93** -0.65 0.42 -0.06 0.02 0.02 0.03 0.17 0.08 

P2 -51.77** 0.52 -0.66 -0.56 0.27 0.89 0.23 1.19 3.49* 

P3 67.38** -0.05 -0.94 -0.49 -0.06 -0.08 -0.10 -1.19 -0.78 

P4 46.06** 0.02 -0.31 0.30 -0.02 0.28 -0.22 -0.26 0.11 

P5 21.26** 0.16 1.49 0.80 -0.20 -1.10 0.06 0.09 -2.90* 

*P=0.05, **P=0.01 

Specific combining abilities (SCA) of the individual crosses involving pair of parents are 

illustrated in Table 5. Results showed that the cross combinations P1 x P2, P1 x P3, P2 x P3, 

P3 x P5 and P4 x P5 were good for PRSV-W resistance but P1 x P3 was good combiner for 

PRSV-W resistance because it showed negative highest disease incidence which are 

desirable. All cross combiner were good combiner for late male flowering and fruit set. 

Nodes of 1
st
 female flower were the best in the combinations of the P1 x P2, P1 x P3, P2 x 

P4, P2 x P5, P3 x P5 and P4 x P5. Number of fruits per plant and flesh thickness was 

insignificant in all cross combiners. Cross combiners of P1 x P3, P1 x P4, P1 x P5, P2 x P3, 

P2 x P4, P2 x P5 and P3 x P4 showed best for average fruit weight while, yield per plant was 

best in the combinations of P1 x P2, P1 x P3, P1 x P4, P2 xP3, P2 x P4, P2 x P5 and P3 xP4. 

P1 xP3, P2 x P4, P2 x P5 and P3 x P4 showed good SCA for total soluble solids contents. 

Table  5. SCA effects of ten hybrids of pumpkin 

Crosses PRSV-W 

incidence 

(%) 

Days to 

1
st
 male 

flower 

Days to 1
st
 

female 

flower 

Nodes of 

1
st
 female 

flower 

Fruit/plant Average 

weight 

(kg) 

Flesh 

thickness 

(cm) 

%TSS Yield/ 

plant 

(kg) 

P1xP2 7.80** 16.16** 20.78** 5.88** 0.37 0.68 0.55 1.18 1.58* 

P1xP3 -6.17** 14.66** 19.03** 5.82** 1.02 4.62** 0.99 3.76** 14.05** 

P1xP4 -1.55 18.60** 17.48** 2.63* 0.12 3.47** 1.05 0.95 3.23** 

P1xP5 -0.77 16.97** 15.91** 1.19 -0.10 3.18** 0.65 0.64 0.87 

P2xP3 17.77** 17.64** 18.97** 2.25* -0.07 3.77** 0.97 0.86 1.64* 

P2xP4 2.07 20.58** 17.91** 4.07** 0.27 5.01** 1.27 5.91** 8.23** 

P2xP5 0.43 15.45** 17.84** 3.13** 0.93 5.91** 0.63 2.64* 16.13** 

P3xP4 -0.43 15.08** 19.16** 1.50 0.43 2.40* 0.57 2.38* 4.79** 

P3xP5 10.35** 20.95** 22.09** 5.07** 0.21 0.01 0.32 0.82 -1.25 

P4xP5 14.55** 17.39** 25.04** 3.88** 0.18 -1.20 0.53 1.02 -2.73* 

*P=0.05, **P=0.01 
The relative estimates of the variance due to general combining ability (GCA) and specific 

combining ability (SCA) indicated the predominance of additive gene effects for PRSV-W 

incidence, days to 1
st
male and female flower, nodes to 1

st
 female flower, average fruit weight, 

number of fruits per plant and total soluble solids, and the rest traits showed non-additive 
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gene effects. The importance of additive and non-additive gene effects were reported by 

many authors (El-Maghawryet al. 2002, AbdEl-Salam and El-Ghareeb 2007) for number of 

days to first female flower, number of fruits per plant, total yield per plant, fruit weight and 

rind thickness traits in watermelon. 

In this respect, lines 2 were the best combiner and showed the highest value of mean 

performance for yield per plant (AbdEl-Salam and El-Ghareeb 2007). Lines 2 and 3 were the 

best combiner and showed the highest negative value of mean performance for PRSV-W 

disease resistance which was expectable for us. This parent could be used in single and 

multiple crosses to combine desirable genes from two or more than two parents. Cross P1xP3 

showed highest values of mean performance for all traits except fruit per plant and flesh 

thickness. When combined all the nine characters, The cross P1xP3 involved parents with 

significant (SCA) effect for two important traits (disease incidence and yield per plant). Thus, 

it may be used by selection in the segregating generation for developing hybrid. 

 

Heterosis study 

The heterotic responses against PRSV-W disease and related yield contributing 

characters of pumpkin of F1 hybrids over mid parent (MP) and better parent (BP) for nine 

characters are presented in Table 6. In this study both better parent and mid parent heterosis 

were estimated. Both positive and negative heterosis was obtained for different characters of 

hybrids of which a few hybrids showed desirable and significant values. Results of Table 6 

showed that the hybridP1 x P3gave the maximum negative PRSV-W incidence (-58.49%) 

over mid parent and (-67.90%) over better parent. Earliest (negative) maleflower was found 

in hybrid P1 x P3 (-4.88%) over both mid parent and better parent and while cross P1 x P5 (-

0.88) gave earliest female flower over mid parent and cross P1 xP3 (-2.91%) over better 

parent. In case of fruit setting P2 xP3 gave maximum negative heterosis (-3.85%) over mid 

parent and (-13.79%) over better parent. Maximum heterosis for fruits per plant was recorded 

in the hybrid P1 x P3 (50.00) over mid parent and (38.46%) over better parent. Cross P1 ×P3 

showed highest heterosis for average fruit weight (81.58 kg) over mid-parent and (75.95 kg) 

over the best parent. Maximum heterosis for flesh thickness was recorded in the cross P2×P4 

(23.08%) over mid-parent, and P1×P3 (7.33%) over the better parent. The cross P2 xP4 

(31.36%) and (19.62%) showed highest heterosis for total soluble solids over mid and better 

parent, respectively. Crosses P1×P5(166.49%) and P1×P3(139.25%) exhibited maximum 

heterosis, respectively, over mid-parent and better parent for yield per plant. Heterosis is an 
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indicative of the relationship between male and female parents, which depends upon their 

genetic makeup and appears in the hybrid progenies. Heterosis for earliness in watermelon 

has also been reported (El-Tohamy 2007 and Rajanet al. 2002). In addition, heterosis for 

these traits in watermelon was observed (AbdEl-Salam and El-Ghareeb 2007, El-Tohamy 

2007, Khereba 2007). Four important traits, with good performance (number of days to first 

female flower. Robinson (1998) reported there was no source of immunity for summer 

squash to natural infection with ZYMV. Mohanty and Mishra (1999) studied on heterosis 

experiment from 8 x 8 half diallel cross for yield and yield contributing component in 

pumpkin and reported that significant positive heterosis shown for the characters of number 

of male flowers, number of female flowers and yield per plant. Significant differences for 

nodes of first male and female flower were observed in pumpkin Mohanty and Mishra (1999) 

and in summer squash Rajuet al. (2002). Islam et al. (1993) reported significant positive 

correlation between number of fruits per plant and yield and Ramirez et al. (1988) also 

observed significant positive correlations between number of fruits per plant and fruit yield in 

cucumber. Chaudhury (1987) also reported the maximum heterosis for flesh thickness 

(118.74%). Wide range of variability for number of fruits per plant and fruit yield per plant 

was observed in pumpkin Rahman et al. (1990). Similar results also found in snake gourd 

Banik (2003) and Rahman (2004).From these findings the magnitude and sign of creating 

new lines have resistance genes for PRSV-W. Our results also indicated that initial selection 

of parents for hybrid combination might probably could largely be based on the disease 

reaction of the considering pathogen (PRSV-W). 
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Table 6. Estimation of mid parent and better parent heterosis among the diallel progenies  

Crosses PRSV-W Incidence 

(%) 

Days to 1st male 

flower 

Days to 1st female 

flower 

Nodes of1stfruits 

setting 

Fruits/plant Avg. 

Wt (kg) 

Flesh thickness 

(cm) 

TSS (%) Yield/ 

plant (kg) 

MP BP MP BP MP BP MP BP MP BP MP BP MP BP MP BP MP BP 

P1xP2 12.83* -13.07** -2.74** -3.03** 3.86** 1.74* 45.45** 39.13** 0.27 -11.76** 33.00** 30.83** -2.10 -6.67** -14.66** -16.06** 30.89** 14.12 

P1xP3 -58.49** -67.90** -4.88** -4.88** 3.01** -2.91** 42.22** 39.13** 50.00** 38.46** 81.58** 75.95** 8.96** 7.35** 0.84 -12.41** 160.17** 139.25** 

P1xP4 -46.71** -58.64** 0.92* 0.00 0.90 -1.74* 5.88* -3.57 -18.22** -21.43** 51.40** 34.43** 17.07** 5.88** -18.70** -27.01** 21.73* 7.73 

P1xP5 -39.93** -47.19** -1.53** -1.83** -0.88 -1.74* -3.85 -13.79** -30.43** -38.46** 53.31** 47.80** -6.76** -13.75** -28.44** -29.82** 8.59 -8.53 

P2xP3 64.82** 6.79 -0.30 -0.61 4.00** 2.42** 11.63** 9.09** -21.14** -35.29** 77.20** 74.60** 7.80** 1.33 -14.35** -24.53** 34.34** 9.12 

P2xP4 -10.28 -41.71** 4.29** 3.03** 2.44** 1.82** 18.37** 3.57 -9.68* -17.65** 82.68** 64.59** 23.08** 6.67** 31.26** 19.62** 62.97** 60.43** 

P2xP5 -5.80 -33.33** -2.44** -2.42** 2.40** 1.18* 12.00** -3.45 33.33** 5.88 110.93** 100.33** -7.10** -10.00** -6.18* -9.47** 166.49** 101.33** 

P3xP4 -24.68** -25.10** -2.77** -3.66** 5.26** 4.29** -4.32 -14.29** 4.00 -7.14* 30.70** 19.34** -0.83 -9.09** -2.38 -5.96* 38.21** 13.35 

P3xP5 16.93** 0.58 3.98** 3.66** 8.81** 5.92** 25.49** 10.34** -4.76 -9.42* -6.95 -12.86* -17.81** -25.00** -26.08** -36.84** -16.91* -24.50* 

P4xP5 26.60** 9.41* 0.62 0.00 12.5** 10.06** 8.77** 6.90* -16.67** -28.57** -29.90** -39.67** -8.15** -22.50** -20.48** -29.82** -43.47** -56.91** 

Minimum -58.49 -67.90 -4.88 -4.88 -0.88 -2.91 -4.32 -14.29 -30.43 -38.46 -29.90 -39.67 -17.81 -25.00 -28.44 -36.84 -43.47 -56.91 

Maximum 64.80 9.41 4.29 3.66 12.05 10.06 45.45 39.13 50.00 38.46 110.93 100.33 23.08 7.35 31.26 19.62 166.49 139.25 

Average -6.448 -27.016 -0.424 -1.58 3.944 2.104 16.196 7.651 -12.51 -12.54 39.53 39.53 25.54 -6.58 -6.58 -17.21 -12.54 25.54 

SD (mean) 37.84 27.41 2.95 2.77 3.94 3.92 17.11 18.85 25.23 22.44 43.19 42.79 12.60 11.78 17.38 16.40 68.46 58.90 

SE 10.13 7.34 0.79 0.74 1.05 1.05 4.58 5.04 6.75 6.00 11.56 11.45 3.37 3.15 4.65 4.39 18.32 15.76 

t (5%) 11.34 8.22 0.88 0.83 1.18 1.18 5.13 5.65 7.56 6.73 12.94 12.82 3.78 3.53 5.21 4.92 20.52 17.65 

t (1%) 16.93 12.26 1.32 1.24 1.76 1.75 7.65 8.43 11.29 10.04 19.32 19.14 5.64 5.27 7.77 7.34 30.62 26.35 

*and ** Significant at 5% and 1% level of probability  
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