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Abstract 
 The research was carried out at Lal Teer Seed Ltd. Gazipur to determine the 
heterosis of yield and yield contributing traits of pumpkin (Cucurbita moschata 
Duch. ex Poir.). Six diverse pumpkin parents (viz. CM-1, BARI Mistikumra-1, 
CM-20 and CM-8) and their 30 F1 hybrids derived from 6X6 diallel including 
reciprocal were used as research materials. Thirteen genetic parameters [viz. 
days to first male flower opening, days to first female flower opening, number of 
flowers (male and female) per plant, fruit length and diameter (cm), fruit weight 
(kg), flesh thickness (cm), brix (%), number of fruits per plant, number of seeds 
per fruit, 100-seeds weight (g), yield per plant (kg)] were estimated. The results 
revealed significantly higher and positive heterosis and expected negative effects 
for different important characters of pumpkin. The two cross combinations 
namely; CM-1 × BARI Mistikumra-1 and CM-8 × CM-1 were identified as the 
promising hybrids which showed the significant higher heterosis, heterobeltiosis 
and standard heterosis. These finding suggest that cross combinations of 
indigenous x exotic parents may be beneficial for fruit yield, particularly when 
used as commercial hybrids. The results showed that these two combinations 
gave the most promising hybrids (F1), so these two F1 lines were registered in 
National Seed Board (NSB) of Bangladesh as Hajee F1 and Danesh F1 hybrid 
varieties. 

 
Introduction 
 Pumpkin (Cucurbita moschata Duch. Ex. Poir) is the most important seed propagated 
monoecious climbing vegetable crop that belongs to the family Cucurbitaceae, with the 
chromosome number 2n=40(1). It is one of the most common fruit vegetables in 
Bangladesh. It is locally known as Misty kumra or Misty lau or Misty kadu. It is grown 
round the year in the country and has the longest storability among the cucurbits. The 
well-matured fruits can be stored for 2 to 4 months(2). Due to its good storability, nutritive 
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value, long period of availability, better transport potential and reasonable market price, 
it has a great demand in Bangladesh. 
 Pumpkin is grown in all over the country and in most areas, local land races are 
cultivated. The yield of these land races is very low. During 2010-2011, average yield was 
7.53 t/ha(3) which is much lower than our neighboring country India(4). During 2010-2011, 
the average pumpkin production was 9.3 t/ha in India, 18.4 t/ha in China, 18.6 t/ha in 
Russia, 16.3 t/ha in Mexico, 29.4 t/ha in Italy and 21.4 t/ha in USA(4).The per capita 
consumption of vegetable in Bangladesh is about 50g/day, which is the lowest among the 
countries of South and South Asia. However, the daily per capita requirement is 220 g(5). 
There is a big gap between the demand and supply of vegetables in Bangladesh. Thus, 
improvement of crop yield and production of this vegetable crop is most desirable and 
important to mitigate the future demand. 
 Both green and ripe pumpkins are used as vegetables. This fruit vegetables supply 
carbohydrates, soluble fiber and beta-carotenoid from the flesh, and protein, vegetable oil 
and vitamin E from edible seeds. Pumpkin contains carotene which is very essential for 
eye sight development. Its immature fleshy green leaves, tender shoots, male and female 
flowers are also used as vegetables, and contain appreciable amount of vitamins and 
minerals. It is important as a good source of minerals, fibres, vitamins, antioxidants and 
phytonutrients(6,7) and this makes the fruit wholesome and healthy for human 
consumption. Some authors have reported that pumpkin fruits have high medicinal 
values(8). Pumpkin seed is an excellent source of protein and also has pharmacological 
activities such as anti-diabetic(9), antifungal(10), antibacterial and anti-inflammation 
activities(11) and used for parasitic diseases cure in African countries(12) and antioxidant 
effects(13). 
 Fruit yield is a complex trait and governed by many genes or poly genes that is 
determined by complex associations among several agronomic traits(14,15). In plant 
breeding program, direct selection on the basis of phenotypical characters for yield as 
such could be misleading. Yield and yield contributing traits like fruit weight, fruit per 
plant, fruit length, fruit diameter and 100-seed weight, etc. must be taken into 
consideration for variety development (16).  
 Exploitation of hybrid vigor is considered to be outstanding achievements of plant 
breeding. The scope of exploitation of hybrid vigor will depend upon the available 
pollination mechanism. The literature available in the field of plant breeding reveals that 
the exploitation of hybrid vigor is more feasible to cross-pollinated crops than self-
pollinated ones. Being a cross-pollinated crop, pumpkin has considerable scope for 
commercial exploitation of heterosis and virtually obligatory out crossing system in 
pumpkin has opened the scope for the development of hybrid variety in this crop. 
 Understanding the inheritance of yield and yield related traits in advance would be 
important to maximize the use of genetic potential in an effective breeding program. In 
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pumpkin, such genetic information about Bangladeshi genotypes is rarely available that 
creates a problem for the planning of a sound breeding program to improve the basic 
yield and associated plant traits of the crop. Very few studies have been conducted to 
find the genetic analysis of yield and yield related traits of pumpkin. Hence, 
enhancement of crop yield is still an important goal for pumpkin breeders in Bangladesh. 
 Therefore, considering the importance of pumpkin and in view of the above-
mentioned facts, the present study was undertaken (i) to estimate the heterosis of some 
local and exotic pumpkin genotypes and (ii) to select the best cross combinations to 
release as hybrid varieties 
 
Materials and Methods 
 Experimental site: The experiment was conducted at the R&D of Lal Teer Seed Ltd. 
Gazipur in 2014.  
 Plant materials: Six diverse pumpkin genotypes e.g. CM1 (Lal Teer Seed), CM5 
(Meherpur), CM8 (AVRDC), CM14 (Thailand), BARI MistiKumra-1 (BARI) and CM20 
(Thailand) were selected. These parents were crossed in a diallel mating system 
including the reciprocals and all the six parents, their 15 F1s and 15 reciprocal F1s were 
studied. 
 Experimental design and Layout: The experiment was set in a randomized block design 
with three replications. There were three plants per replication. The spacing adopted was 
(4.0 x 1.0) m2. A good drainage system was maintained for draining out of rain water 
from the field.  
 Application of manure and fertilizers: Cow dung, Urea, TSP, MP, Gypsum, Zinc 
sulphate and Borax were applied @ 2kg, 66 g, 92 g, 88 g, 65 g, 1.65 g and 3 g per pit 
respectively. The entire amount of cow dung, TSP, Zinc sulphate, Gypsum, Borax and 
one-third of the urea and MP were applied at the time of final land preparation while the 
rest of the urea and MP were applied at two equal installments, 15 and 30 days after 
transplanting(17). 
 At the time of transplanting, Dursbarn 20 EC and Ridomil MZ 68 WP were used at 
the rate of 5 ml/l and 3g/l, respectively for soil treatment. Irrigation was given as and 
when necessary. Weeding was done after every 15 days of transplanting. 
 Data collection and analysis: Data were collected on the thirteen morphological traits 
associated with yield from randomly selected ten plants from each genotype. The 
thirteen genetic parameters were days to first male flower opening, days to first female 
flower opening, number of flowers (male and female) per plant, fruit length and 
diameter (cm), fruit weight (kg), flesh thickness (cm), brix (%), number of fruits per plant, 
number of seeds per fruit, 100- seeds weight (g), yield per plant (kg). 
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 Statistical analysis: Estimation of heterosis: Heterosis expressed as percent of increase of 
F1 hybrid over mid parent (average or relative heterosis), better parent (heterobeltiosis) 
and commercial check (standard heterosis) were computed for each character using the 
following formulae(19). 

a.  Relative Heterosis, H (%) over mid parent (MP) = భ
തതതത ି തതതതത

തതതതത
 × 100 

b.  Heterobeltiosis, H (%) over better parent (BP) =  భ
തതതത ି തതതത

തതതത
 × 100 

c.  Standard Heterosis, H (%) over check (CV) =  భ
തതതത ି େതതതത

େതതതത
 × 100 

 Where, Fതଵ, MPതതതത, BPതതതത and CVതതതത are the mean of F1, two parental populations (MP), better 
parent (BP) and check variety (CV), respectively. 
 Significant difference of F1 with MP, BP and CV were tested using ′t' test and was 
calculated by the formula given below: 

I. [t] = భ
തതതത ି തതതതത

ୗୈ
 x 100              Where, SED = ඥ2EMS/r 

 
II. [t] = భ

തതതത ି തതതത

ୗୈ
 x 100              Where, SED = ඥ2EMS/r 

 
III. [t] = భ

തതതത ି େതതതത

ୗୈ
 x 100              Where, SED = ඥ2EMS/r 

 Where, SED = Standard error of difference, EMS = Error mean square and r = 
Replication, SED (Standard error of difference) = √(Variance/Sample size). 
 
Results and Discussion 
 Heterosis were estimated for individual crosses of 30 hybrids in yield and yield 
contributing characters over mid parent, better parent (heterobeltiosis) and standard 
(check) variety. The findings have been presented in Tables 1, 2 and 3, respectively. The 
performance of heterosis over mid parent, better parent (heterobeltiosis) and standard 
variety were discussed character-wise in the following manner. 
 Days to first male flower opening: The importance of days to flowering and fruiting for 
developing early maturing crops is well known. Days to first male flowering varied from 
36.17 in parent CM-20 to 61.17 in BARI Mistikumra-1, while F1 hybrids the range was 
36.90 in CM-20×CM-1 to 63.43 in CM-20×CM-14 in the F1 hybrids. Out of 30 cross 
combinations 15 hybrids manifested significant negative heterosis, that is earliness over 
their mid parents in respect of days to first male flower opening.  Only two crosses 
having significant negative heterobeltiotic effect and negative significant standard 
heterosis were found in all crosses for days to male flower opening. Heterosis over mid 
parent for this trait ranged from -0.88* in CM-14×CM-5 to 40.49** in CM-20×CM-14 
percent. The highest heterosis over mid parent (40.49**), better parent (75.39**) were 
recorded  in  the  cross  CM-20 × CM-14  followed  by  the crosses CM-20 × CM-5, CM-1 × 
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CM-20, BARI Mistikumra-1×CM-20, CM-8×CM-20,CM-1×BARI Mistikumra-1, CM-
20×CM--8 and CM-14×CM-20.In bitter gourd it was reportedthat 17 F1 hybrids showed 
significant negative heterosis for this trait (20). In another report 26 out of 30 crosses were 
earlier flowering than their better parent found in snake gourd(21). 
 Days to first female flower opening: Days to first female flower opening varied from 
43.90 in parent CM-20 to 77.87 in parent BARI Mistikumra-1 and 43.53 in CM-20×CM-14 
to 61.73 in BARI Mistikumra-1×CM-8 hybrid combinations. Here we found that male 
flowering was earlier as compared to female flowering in all genotypes studied. Among 
the six parental lines, parent CM-20 was the earliest in both male and female flower 
opening which was followed by parent CM-1 and CM-8. On the other hand, CM-20XCM-
1 was the earliest for male flowering and CM-20×CM-14 for female flowering among all 
the hybrid combinations that was followed by CM-20×CM-1, CM-20×BARI Mistikumra-1 
and CM-1×BARI Mistikumra-1.  
 For commercial purpose negative heterosis is desirable for this trait. Here, out of 30 
cross combinations 29 hybrids showed significant negative heterosis i.e., earliness in 
female flower opening. The heterosis over mid parent ranged from -28.86** in CM-
1×BARI Mistikumra-1 to 0.77** in CM-14×CM-1. The highest and desirable heterosis over 
mid parent was observed in the cross CM-1×BARI Mistikumra-1 (-28.86**) followed by 
CM-20×BARI Mistikumra-1(-23.68**), BARI Mistikumra-1 × CM-14 (-22.33**) and CM-
8×CM-1(-17.99**). Heterobeltiosis varied from -16.75** in CM-8×CM-1 to 28.93** in BARI 
Mistikumra-1×CM-20 for this trait. The highest and desirable heterosis over better parent 
was observed in the cross CM-8×CM-1 (-16.75**) followed by CM-1×BARI Mistikumra-1    
(-16.54**), BARI Mistikumra-1×CM-14(-10.31**), CM-5×CM-8(-8.73**) and CM-1×CM-5      
(-8.13**). The negative significant standard heterosis were found in all crosses for days to 
female flower opening. It was ranged from -27.71** in BARI Mistikumra-1×CM-8 to -
49.02** in CM-20×CM-14.  The hybrids CM-1×BARI Mistikumra-1, CM-8×CM-1 and CM-
8×CM-20 showed significant negative heterosis over mid, better parental values and 
standard heterosis for female flower opening. Similar reports in better parent also 
studied in snake gourd(21), in pumpkin(22),in Bottle gourd(23),in cucumber(24), in 
pumpkin(25). Also found high heterosis over the better parent for female flower 
opening(26). 
 It was reported, out of 28 crosses of sweet gourd, 14 hybrids showed highly 
significant desired negative heterosis in case of days to first female flower opening (27). 
The highest (-16.89%) negative heterosis for days to first female flower opening was 
recorded in the cross CM020 ×CM099 followed by the crosses CM044 × CM073, CM073 × 
CM099, CM026 ×CM099 and CM073 ×CM118, respectively. Similar trends of results were 
also reported that -36.20% heterosis over better parent found in pumpkin(28). Negative 
heterosis is desirable for having early genotypes. So, these crosses may be considered as 
the most promising for this trait.  
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 Number of male flower per plant: Out of 30 cross combinations 7 crosses (13.83** in CM-
14×CM-20 followed by 10.71** in CM-1×CM-5, 0.93* in CM-8×CM-20) showed positive, 
19 showed negative heterosis over mid parent significantly. Only three cross 
combinations showed insignificant heterosis (-0.19 in CM-1×BARI Mistikumra-1).  Other 
hand only four crosses showed positive heterobeltiotic effects for this trait. By the way all 
cross combinations showed highly negative heterosis for standard variety. 
 Number of female flower per plant: Twenty- one cross combinations manifested 
significant negative while nine hybrid combinations manifested positive heterosis for this 
trait. Positive heterosis varied from 12.28** to 68.24** over their mid parent. Highest 
positive heterosis was found 68.24** in CM-8×CM-1 followed by 35.67**in CM-1×BARI 
Mistikumra-1 and 32.45** in CM-8XCM-20. The highest heterobeltiotic effect was found 
41.58** in CM-8×CM-1 followed by 24.29** in BARI Mistikumra-1×CM-8, 21.95** in CM-
8×CM-20 and 14.85** in CM-1×BARI Mistikumra-1.The positive standard significant 
heterotic effect showed 15.14** in CM-8×CM-1 for this trait. It was also found high 
heterosis over the better parent for number of female flowers, per plant in 
pumpkin(26).They reported both positive and negative heterosis was observed for 
different qualitative and quantitative characters in F1 hybrids of sweet gourd (2). They 
recorded the significant (p<0.05) positive mid parent heterosis (30.88%) for female 
flowers per plant by the hybrid OP 20 ×OP 02. 
 Fruit length: Out of 30 cross combination, 15 hybrids exhibited significant positive 
heterosis for this trait. Significant positive heterosis in the F1 hybrids ranged from 5.19 % 
in CM-14×BARI Mistikumra-1 to 57.92% in CM-5×CM-20. The highest heterosis was 
found 57.92% in CM-5×CM-20 followed by 56.49% in CM-5×CM -8, 30.72% in CM-8×CM-
1 over the mid parent. The highest heterobeltiotic effect was found 34.33% in CM-5×CM-
20 followed by 16.87% in CM-5×CM-8, 12.93% in BARI Mistikumra-1×CM-5, 12.33% in 
CM-14×CM-8 and 4.58% in CM-8×CM-1. Most of the crosses showed positive heterosis 
over standard variety. The highest standard positive heterosis was found 129.01% in CM-
5×CM-20 followed by 99.25% in CM-5×CM-8, 92.53% in BARI Mistikumra-1 and 46.69% 
in CM-8×CM-1.  
 It was observed that the heterosis in the F1 hybrids ranged from 35.50% to 23.77% 
over better parent and positive heterosis over mid parent was maximum 26.65% in 
pumpkin(22). Also reported in cucumber (Cucumis sativus L.), the relatively low heterosis 
was found for fruit length in the cross F8 ×M3, F7×M1 and F6×M3 (24).It was studied 
heterosis for various traits in 11*11 diallel crosses of bitter gourd and observed that the 
magnitude of heterosis was 11.57% for fruit length (29). It was reported in bitter gourd that 
the significant desirable heterosis was observed for fruit length 9.73% (P1*P2)(20). It was 
found in bitter gourd that the magnitude of heterosis over commercial check (MBTH-101) 
was very high. It was observed that hetrosis was -34.40 to 7.59 per cent for fruit length of 
bitter gourd(30). 
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 Fruit diameter: Fruit diameter ranged from 16.08 cm to 22.79 cm. Parent CM-1 had the 
broadest fruits which were followed by parent BARI Mistikumra-1, CM-20 and CM-
8parents had the narrowest fruits. Among the hybrids, fruit diameter ranged from 14.94 
cm in CM-20×CM-1 to 25.59 cm in BARI Mistikumra-1×CM-14. Total 15 cross 
combinations showed positive heterosis over mid parent for this trait. It was ranged 
0.65%in CM-5×BARI Mistikumra-1 to 33.41% in BARI Mistikumra-1×CM-14. The 
negative heterosis was varied from -1.30% to -32.11% over the mid parent. The highest 
positive heterosis was 33.41% in BARI Mistikumra-1×CM-14 followed by 22.47% in BARI 
Mistikumra-1×CM-5, 21.71% in CM-14×CM-8, 20.79% in CM-14×CM-1, 19.98% in CM-
8×CM-1, 17.10% in CM-8×CM-14, 12.42% in CM-1×BARI Mistikumra-1 and 12.19% in 
CM-8×CM-20. It was varied from 0.65% to 33.41%. The highest positive significant 
heterobeltiotic effect was found 14.84% in BARI Mistikumra-1×CM-14 followed by 
13.94% in CM-8×CM-1, 11.41% in BARI Mistikumra-1×CM-5, 11.18% in CM-1×BARI 
Mistikumra-1 and 10.25% in CM-8×CM-20. The negative heterobeltiotic effect was ranged 
from -2.65% to -34.44%. Most of the crosses showed negative significant heterosis ranged 
from -0.29% to -27.83% over the check commercial variety (Suprema F1). The highest 
positive heterosis showed 25.43% in CM-8×CM-1 followed by 23.62% in BARI 
Mistikumra-1×CM-14, 22.38% in CM-1×BARI Mistikumra-1, 19.94% in BARI Mistikumra-
1×CM-5 and 13.06% in CM-8×CM-20.It was estimated that heterosis in six F1s involving 
four parental genotypes in ash gourd and found the F1s HF ×Local and MK×Local had 
desirable better parent heterosis for diameter of green fruits(31). It was studied the 
heterosis for various traits in 11×11 diallel crosses of bitter gourd and observed that the 
magnitude of heterosis in fruit diameter was (106.53%). Heterobeltiosis showed 
maximum for fruit diameter (93.12%)(29).It was also reported in bitter gourd that the 
magnitude of heterosis over commercial check (MBTH-101) was high ranged from32.14 
to 38.10 for fruit diameter(30). 
 Single fruit weight: The mean weight per fruit for six parents varied from 1.20 kg to 
4.58 kg. Parent CM-1 was the heaviest (4.58kg) fruit bearing parent which was followed 
by parent CM-5(3.04kg), CM-14(2.48kg), CM-8(2.20kg), BARI Mistikumra-1(1.93kg) and 
CM-20 (1.2kg). While in hybrids lines the single fruit weight ranged from 1.96 kg to 
5.68kg. The per cent of heterosis were ranged from -34.56 to 157.21% over mid-parental 
values. The positive heterosis was varied from 0.42 to 157.21%. The highest positive 
significant heterosis was exhibited by the cross BARI Mistikumra-1XCM-14 (157.21) 
followed by the crosses CM-8×CM-20 (112.55), CM-5×CM-8 (88.93) and BARI 
Mistikumra-1×CM-20 (82.13). The crosses of CM-1×BARI Mistikumra-1 (50.36), CM-
8XCM-1 (59.88), CM-1×CM-20 (52.36) also gave good results considering average fruit 
weight. The positive heterobeltiotic effect was ranged from 6.91% in CM-1×BARI 
Mistikumra-1 to 64.24% in CM-8×CM-20. The highest significant positive heterosis over 
better parent showed 64.24 in CM-8×CM-20. The highest per cent of positive significant 
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heterosis was found 198.95% in BARI Mistikumra-1×CM-14 followed by 185.26% in CM-
8×CM-1, 160.53% in CM-5×CM-8, and 157.72% in CM-1×BARI Mistikumra-1over check 
commercial variety (Suprema F1) (Table 5). Similar trend of results were reported that 
fourteen(14), out of 28 crosses showed highly positive heterosis over better parents for 
average fruit weight, and the estimated maximum heterosis was obtained in CM073 
×CM118 (230.91%) followed by CM026×CM073 (128.20%).The crosses of CM073 × CM099 
(76.25%), CM099 X CM120 (60.25%) and CM118×CM122 (59.13%) also gave good result 
considering average fruit weight, while lowest was recorded in CM020 ×CM073 (-29.42) 
followed by CM020 × CM118 (-28.95), CM044 ×CM073 (-28.11)(27). It was reported the 
highest significant positive mid and better parent heterosis in the hybrid OP 10 X OP 20 
(17.45 & 16.45) for individual fruit weight of pumpkin (2). It was also found high heterosis 
over better parent for single fruit weight in pumpkin (26).Also reported all the six F1s of 
ash gourd exhibited of desirable positive better and mid parent heterosis for fruit weight 

(31). Similarly, derived information on heterosis for yield components in pumpkin from an 
8 X 8 half diallel cross. The hybrid Ambili × BBS-10 manifested the highest better parent 
heterosis for average fruit weight (68.7%)(28). 
 Flesh thickness: Only eight cross combinations showed significant positive heterosis 
over their mid parent values. It was ranged from 3.45% to 80.74%. The highest significant 
positive heterosis showed 80.74% in the cross CM-5×CM-8 followed by BARI 
Mistikumra-1×CM-14 (39.02%), CM-1×BARI Mistikumra-1 (15.38%) and CM-1×CM-
20(11.33%) over mid parent values whereas the lowest value was -46.60% in CM-20×CM-
1. Only six crosses showed positive significant heterosis over better parent values. The 
highest heterobeltiotic effect was 63.57% in CM-5XCM-8 followed by BARI Mistikumra-
1×CM-14 (30.61%), CM-1×BARI Mistikumra-1 (8.85%) and CM-1×CM-20 (6.97%). On the 
other hand, only seven crosses showed positive standard heterosis over commercial 
check (Suprema F1) variety. The highest significant positive heterosis showed 62.22% in 
the cross CM-5×CM-8 followed by BARI Mistikumra-1×CM-14 (31.36%), CM-1×BARI 
Mistikumra-1 (23.46%) andCM-1×CM-20 (21.32%) which were statistical similar, whereas 
lowest was observed in the cross CM-20×CM-1 (-41.81%). It was reported that CM 
120×CM 122 showed 28.57% significant positive heterosis over better parent value (25). 
Also reported in bitter gourd that the magnitude of heterosis over commercial check 
(MBTH-101) was very high (30). It ranged -23.74 to 21.10 per cent for flesh thickness which 
were close conformity. 
 Number of fruits per plant: The estimation of heterosis indicated the highest (59.18%) 
positively significant heterosis over mid parent in hybrid CM-8XCM-1 followed by BARI 
Mistikumra-1×CM-8 (45.65%), CM-1×BARI Mistikumra-1 (39.22%), respectively in case of 
number of fruits per plant. On other hand the crosses CM-1×CM-8 (38.58%) and CM-
8×CM-20 (36.73%) showed also better performance for this trait. Considering the 
heterosis over better parent, the highest positively significant heterobeltiotic effect was 
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found 44.44% in CM-8XCM-1 followed by 39.58% in BARI Mistikumra-1×CM-8, 31.48% 
in CM-1×BARI Mistikumra-1. The crosses CM-1×CM-8 and CM-1×CM-20 (25.93%) and 
CM-8×CM-20 (24.07%) could be considered as the most promising for this trait among 30 
hybrids. The few of the hybrids showed significantly positive heterosis effect over 
standard check variety (Suprema F1) (Table 5). The highest positive significant heterosis 
showed by the cross CM-8×CM-1 (28.08%) followed by CM-1×BARI Mistikumra-1 
(16.58%), CM-1×CM-8 and CM-1×CM-20 (11.66%) and CM-8×CM-20 (10.02%). Therefore, 
these crosses could be considered as the most promising for this trait among 30 hybrids.It 
was found that high heterosis over better parent for fruits per plant in pumpkin(26). It was 
recorded that maximum heterosis (42.12%) for number of fruits per plant in cucumber 
hybrid (32).Also reported all the six F1s of ash gourd exhibited of desirable positive better 
and mid parent heterosis for number of fruits per plant(31). It was reported in cucumber 
(Cucumis sativus L.), that the highest heterobeltiotic effect was found for number of fruits 
per plant in hybrid F6×M3 (50%) followed by F3×M3 (41.67%), F4×M1 (31.37%), F8×M1 
(31.37%), F7×M3 (29.17%) and F3×M1 (25.49%)(24). To the contrary, also reported that the 
estimation of heterosis indicated the highest (105.5%) positively significant heterosis over 
better parent in hybrid CM073× CM120 followed by CM020 ×CM073 (89.0%) and 
CM026×CM044 (48.5%), respectively in case of number of fruits per plant in pumpkin(25). 
 Number of seed per fruit: The maximum number of crosses (25 crosses out of 30) 
exhibited significant positive heterosis over mid parent values for this trait.  The highest 
positively significant heterosis over mid parent was 127.24% in CM-14×BARI 
Mistikumra-1 followed by 120.87% in CM-1×CM-20, 119.73% in CM-14×CM-5 and 
105.29% in CM-1×CM-14. The crosses of CM-1×BARI Mistikumra-1 (75.05%), CM-8×CM-
1 (22.05%) and BARI Mistikumra-1×CM-20 (59.44%) also gave good results considering 
this trait while the lowest was recorded in CM-14×CM-20 (-58.89%), CM-14×CM-1            
(-29.74%), CM-5×CM-8 (-24.50%), CM-5×CM-14(-20.68%) and CM-8×CM-20 (-13.21%) 
over mid parent value of pumpkin. Most of the crosses showed significant positive 
heterosis over their better parent. The highest heterobeltiotic positively significant effect 
was found 113.78% in the cross CM-1×CM-20. There is several considerable positive 
significant heterobeltiotic effect also found in hybrid combinations. Other hand, most of 
the crosses showed (26 crosses out of 30) positively significant heterosis over standard 
check variety (Suprema F1). The highest positively significant standard heterotic effect 
was found 123.80% in CM-14×CM-5 followed by 187.95% in CM-1×BARI Mistikumra-1, 
150.85% in CM-1×CM-20 and 111.39% in the cross CM-8×CM-20. These crosses can be 
utilized in heterosis breeding program for the improvement of seed yield per fruit in 
pumpkin. It was reported in bitter gourd that the magnitude of heterosis over 
commercial check (MBTH-101) was very high. It ranged from -19.73 to 55.27 per cent for 
number of seeds per fruit of bitter gourd(30). 
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 100-seed weight (g): Seed weight is a very important character for pumpkin. Seeds 
contain larger food material preferably produce vigorous seedlings and have a chance for 
getting higher yield from that including medicinal value. However, the extent of 
heterosis over mid parent value ranged from -0.38% in cross CM-5×CM-1 to 61.54% in 
hybrid CM-1×BARI Mistikumra-1. The significant positive heterosis also followed by 
48.08% in the cross CM-8×CM-1 and 31.98% in CM-1×CM-20, while the highest 
heterobeltiotic positively significant effect was found 57.27% in the cross CM-1×BARI 
Mistikumra-1 followed by 36.89% in the cross CM-8×CM-1 and 28.84% in CM-1×CM-20. 
Other hand, most of the crosses showed (27 crosses out of 30) negatively significant 
heterosis over standard check variety (Suprema F1) (Table 5). The highest positively 
significant standard heterotic effect was found 24.01% in CM-1×BARI Mistikumra-1 
followed by 7.94% in CM-8×CM-1 and 1.59% in CM-1×CM-20. Similar findings were 
recorded(21). It was also observed that the positive significant heterosis ranged from 2.12 
to 45.96 per cent over better parent in snake gourd for this trait. It was reported in bitter 
gourd that the significant negative heterosis was observed for 100 seed weight -29.16 
(P5*P6(20).   
 Brix (%): Among the 30 F1 combinations 15 showed significant positive heterosis 
which was ranged from 0.52 per cent to 29.61 per cent brix content. The maximum 
positive heterosis was observed in cross CM-8×BARI Mistikumra-1 (29.61 %) followed by 
26.05 per cent in CM-1×ABRI Mistikumra-1, 25.11 per cent in CM-8×CM-1 and 7.09 per 
cent in BARI Mistyikumra-1CM-8 over mid parent value in pumpkin.   Only four hybrids 
showed positive heterobeltiotic effect, where the cross CM-1×BARI Mistikumra-1(15.27 
%) obtained maximum positively significant heterobeltiotic effect followed by CM-
8×CM-1 (13.23 %), CM-8×BARI Mistikumra-1(8.32 %) and CM-14×CM-20 (1.07%). Other 
hand, only two hybrids showed positively standard heterotic effect over check variety 
(Suprema F1) (Table 5) where the highest positively significant standard heterotic effect 
was found 13.39% in CM-8×CM-1 followed by 8.48% in CM-8×BARI Mistikumra-1, 
indicating the possibilities of exploiting those crosses for hybrid variety development. 
The remaining all cross combinations showed negative significant heterosis.It was 
reported that none of the hybrids showed significant heterosis over mid and better 
parent for brix content in pumpkin(2). 
 Yield per plant: Yield per plant is a complex character. It depends on so many 
characters, such as number of fruit per plant, fruit length, fruit diameter, weight per fruit, 
days to first flowering and flesh thickness, etc. However, around 50% of the crosses 
showed (19 crosses out of 30) positively significant heterosis over mid parent values for 
yield per plant indicating the possibilities of exploiting those crosses for hybrid variety 
development. The extent of heterosis over mid parent value ranged from -62.88% in cross 
CM-5×CM-1 to 213.11% in hybrid CM-8×CM-20. The significant positive heterosis also 
followed by 136.96% in the cross CM-8×CM-1, 116.88% in CM-20×CM-8, 116.71% in BARI  
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Mistikumra-1×CM-8, 111.58% in BARI Mistikumra-1×CM-14 and 92.51% in hybrid CM-
1×BARI Mistikumra-1. The highest positive significant heterobeltiotic effect was found 
164.74% in the cross CM-8×CM-20 followed by 113.24% in BARI Mistikumra-1×CM-8, 
102.94% in BARI Mistikumra-1×CM-14, 83.37% in CM-20×CM-8, 62.15% in CM-8×CM-1 
and 61.76% in CM-8XBARI Mistikumra-1. The considerable positive significant 
heterobeltiotic effect also found in CM-14×BARI Mistikumra-1 (38.05%), CM-14×CM-8 
(33.86%) and CM-1×BARI Mistikumra-1 (31.48%). Other hand, most of the crosses 
showed (26 crosses out of 30) positively significant heterosis over standard check variety 
(Suprema F1) (Table 5). The highest positive significant standard heterotic effect was 
found 251.32% in CM-8×CM-1 followed by 187.95% in CM-1×BARI Mistikumra-1, 
150.85% in CM-1×CM-20 and 111.39% in the cross CM-8×CM-20. These crosses can be 
utilized in heterosis breeding program for the improvement of yield per plant in 
pumpkin. Similar findings was reported(25) that the twenty five crosses out of 28 showed 
positively significant heterosis over better parent for yield per plant indicating the 
possibilities of exploiting those crosses for hybrid variety development. The extent of 
heterosis over better parent ranged from -14.39 to 237.67. Also reported that high 
heterosis along with moderately high genetic gain (43.96%) for yield per plant in 
pumpkin(28).  The mid and better parent heterosis was observed to be as high as 165% for 
yield per plant in ash gourd (31).It was reported all the six F1s of ash gourd exhibited of 
desirable positive better and mid parent heterosis for yield per plant(33). It was also found 
high heterosis over better parent for yield per plant in pumpkin(26). It explained that the 
magnitude of heterosis over the commercial check was very high for all the characters 
studied in bitter gourd(30). It was also reported that both positive and negative heterosis 
was observed for different qualitative and quantitative characters in F1 hybrids in sweet 
gourd. They recorded the desirable level of mid and better parent heterosis which was 
exhibited by six and four hybrids, for fruit yield per plant in pumpkin(2). 
 

 
 

Fig. 1. Showing Hajee (Left) and Danesh (right) hybrid pumpkin variety. 
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 Reciprocal effect of the crosses: Significant reciprocal effects were observed for the 
important characters. The cross BARI MISTIKUMRA-1 X CM-1 showed significant 
negative value for days to female flower opening, number of female flower per plant, 
single fruit weight, flesh thickness, yield per plant and brix (Table 4). Such results 
indicated that this cross could be exploited heterotic effects through nuclear inheritance 
only. The crosses CM-1 X CM-20, had positive reciprocal effects which can be utilized for 
flesh thickness, single fruit weight, seeds per fruit and yield per plant. These reciprocal 
effects indicated the to some extent effect of cytoplasmic genes controlling the expression 
of the characters (Table 6). 
 Considering yield and yield contributing traits of the studied cross combinations, 
CM-1 × BARI Mistikumra-1 and CM-8 × CM-1 revealed significantly higher heterosis 
which led to conclude that these two combinations could be the most promising F1 
hybrids. In the present study, the cross combination of CM-1 × BARI Mistikumra-1 is 
proposed in the name of Hajee F1 and CM-8 × CM-1 as Danesh F1 (Fig. 1). These two 
combinations were approved and registered as Hajee F1 [Reg. no. 01(08)-57] and Danesh 
F1[Reg. no. 01(08)-56] by National Seed Board (NSB) of Bangladesh.  
 

Conclusions 
 Considering the yield and yield contributing traits of cross combinations namely 
CM-1 × BARI Mistikumra-1 and CM-8 X CM-1 revealed significantly higher heterosis 
which led to conclude that these two combinations could be the most promising hybrids 
(F1) of pumpkin. The cross combination of CM-1 × BARI Mistikumra-1 is proposed in the 
name of Hajee F1 and CM-8 × CM-1 as Danesh F1. These two combinations were 
approved and registered as Hajee F1 [Reg. no. 01(08)-57] and Danesh F1 [Reg. no. 01(08)-
56] by National Seed Board (NSB) of Bangladesh. 
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