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Abstract: One Egyptian and three exotic 

parental genotypes of Summer squash 

were self pollinated for one generation 

and crossed in half diallel design to 

study heterosis and nature of gene action 

for earliness, vegetative and yield 

components traits. Mean squares of 

genotypes were found to be highly 

significant for all studied traits, 

providing evidence for presence of 

considerable amount of genetic variation 

among studied genotypes. The results 

showed that the majority of crosses 

exhibited significant heterosis estimates 

over mid and best parents for all studied 

traits. The results revealed that the 

general combining ability (GCA) and 

specific combining ability (SCA) mean 

squares were highly significant for all 

studied traits. The results indicated that 

the magnitude of additive genetic 

variance (σ
2
A) were positive and lower 

than those of non additive (σ
2
D) one for 

all of studied traits, indicating that non 

additive gene action played a major role 

in the inheritance of summer squash.. 

The broad sense heritability estimates 

(H
2

b %) were more than 85% and larger 

than their corresponding narrow sense 

heritability (H
2
n %) for all studied traits. 

However, estimates of narrow sense 

heritability were 27.25% for earliness 

and ranged from 4.02% to 13.46% for 

sex ratio (SR) and number of branches 

per plant, respectively. Respecting to 

yield components, the estimates of 

narrow sense heritability ranged from 

8.92 % to 18.39% for number of total 

fruit yield per plant and average fruit 

weight per plant (g), respectively. The 

results showed that Eskandarany (P1) 

was excellent general combiners for 

earliness and yield components traits. 

The cross combination (P2xP3) showed 

desirable SCA effects and significant 

heterosis values for earliness. While, the 

cross (P1xP3) exhibited desirable SCA 

effects for vegetative and early yield 

components. However, the cross 

combinations (P1xP3), (P1xP4), (P2xP3) 

and (P2xP4) revealed significant SCA 

effects for total yield components. These 

promising crosses could be used for 

constitution of summer squash hybrids. 
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Introduction 

Summer squash (Cucurbita pepo 

L.) is one of the most important 

vegetable crops in Egypt. Yield is 

the most important characters of 

squash cultivars and hybrids. Great 

efforts have been directed to 

improve yield production and 

quality proprieties in summer 

squash. In this trend, heterosis and 

combining ability provides 
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important information for improving 

economic traits in squash. 

In this respect, different heterotic 

effects were obtained by many 

authors for economic traits in 

squash. El-Gazar, (1981); Kash and 

El-Diasty (1989); Kasrawi (1994); 

Ghai et al (1998); El-Gendy (1999); 

Khalaf Allah et al., (2001); Abd El-

Maksoud et al (2003); Gabr, (2003); 

Sadek (2003); Abd El-Hady and El-

Gendy (2004); El-Sherbeny et al., 

(2005); Abd El-Hadi et al., (2006) 

found desirable heterotic values over 

mid and best parents for earliness, 

vegetable and yield components 

traits. 

The roles of GCA and SCA in 

the inheritance of summer squash 

were studied by several authors. 

Korzeniewska and Niemirowicz 

(1993) obtained high GCA values 

for yield components, while, 

significant SCA value was only 

noted for fruit weight. Abd El-Hady 

et al., (2005) noticed that the 

estimates of GCA were larger than 

those of SCA for earliness and 

vegetative traits, reflecting the 

importance of additive gene action 

in the expression of these traits. 

Moreover, Abd El-Hady and El-

Gendy (2004) found that the 

estimates of GCA and SCA were 

significant for earliness and yield 

components, suggesting the 

importance of additive and non 

additive gene action in the 

inheritance of these traits.  

Therefore, the objective of this 

research was to study heterosis and 

the types of gene action controlling 

the inheritance of economical traits 

of summer squash. 

Materials And Methods 

The present investigation was 

carried out at Sohag Faculty of 

Agriculture Experimental Farm, 

South Valley University, during the 

three summer seasons of 2003, 2004 

and 2005 where, the soil was sandy 

calcareous (surface layer contains 

transported Nile sediments over 

desert soil).  

Four different squash cultivars 

(Cucurbita pepo L.) represented a 

wide range of variability in their 

economic traits, were used in this 

study. These cultivars were: 

Eskandrany (P1, Egypt), Giado (P2, 

Italy), Zucchino Mezza Lung Bianco 

(P3, Germany) and Zucchino 544- 

00S (P4, Italy).  

In the summer season of 2003, 

the seeds of four parental genotypes 

were planted and the selfing was 

undertaken to produce the four 

inbred lines. 

In the following summer season 

(2004), the four inbred lines seeds 

(S1) were sown on June, 1 and 

crossed according to a half diallel 

mating design to produce six F1 

hybrids.  

In the summer season of 2005, 

parents (four inbred lines seeds) and 

their six F1 hybrids were sown on 
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June, 3 in a randomized complete 

block design with three replications. 

Each replicate contains 10 plots.  

Each plot was one ridge 5.0 m. long 

and 1.0 m. wide. Hills were spaced 

at 0.5 m. apart. All agricultural 

practices were applied as recomm-

ended for squash production. 

Data were recorded for the 

following traits: earliness trait [days 

to the first female flower (D1
st
 FF)], 

vegetative traits [six ratio (SR) 

which estimated as number of 

female flower/number of total 

flower, Plant height (PH) and 

number of branches per plant (No. 

B/P), early yield traits, estimated as 

the yield of the first three pickings 

for each genotypes and these 

include; [number of fruits per plant 

(No. F/P), average fruit weight per 

plant (AFW/P g), and average fruit 

weight per feddan (AFW/F ton)] and 

total yield traits and these include; 

[number of total fruit per plant (No. 

TF/P), and average total fruit weight 

yield per feddan (ATFWY/F ton)]  

Data were subjected to the 

analysis of variance in order to test 

the significance of the differences 

among the 10 genotypes including 

the four inbred lines and their 6 F1 

hybrids according to Cochran and 

Cox (1957). 

Sum of squares for genotypes 

was partitioned according to 

Griffing`s (1956) as method 2 model 

1 into sources of variations due to 

GCA and SCA.  

The variances of GCA (σ
2
g) and 

SCA (σ
2
s) were obtained on the 

basis of the expected mean squares 

for all studied straits. Additive (σ
2
A) 

and non-additive (σ
2
D) genetic 

variances were estimated according 

to Matzinger and Kempthorne 

(1956) as follow: 

σ
2
A       =       2

 
σ

 2
g 

σ
2
D       =       σ

2
s   

Estimates of heterosis % were 

calculated according to Singh and 

Khanna (1975) as following 

equations: Mid-parent heterosis (%) 

= (F1-M.P./M.P.)X100 where 

M.P. = (Pi -Pj)/2 

Best-parent heterosis (%) = (F1-

B.P./B.P.)X100  

Estimates of heritability in both 

broad and narrow sense were 

calculated according to the 

following equations:  

h
2
b% = [(σ

2
A+ σ

2 
D) / (σ

2
A+ σ

2 
D + 

σ
 2
e)] x 100 

h
2
n% = [(σ

 2
A) / (σ

2
A+ σ

2 
D + σ

 2
e)] 

x 100  

Results and Discussion 

Genotypic variations 

The analyses of variance for all 

studied traits for all genotypes 

(parents and F1 hybrids) are 

presented in Table 1. There were 

highly significant differences among 

the studies genotypes for all studied 

traits. 
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Mean squares of genotypes 

(Table 1) were found to be highly 

significant for all studied traits. This 

provides evidence for presence of 

considerable amount of genetic 

variation among studied genotypes. 

These results are in harmony with 

those previously obtained by 

Korzeniewska and Niemirowicz 

(1993), Abd El-Maksoud et al 

(2003), Abd El-Hady et al (2005 and 

2006). 

Estimates of heterosis 

Estimates of heterosis over mid 

parents for all studied traits are 

shown in Table 2. Earliness is an 

important aim in summer squash, 

thus, the negative heterosis value for 

number of days to first female 

flowering is desirable in breeding 

program. In this direction, all of 

crosses flowered highly significant 

earlier than their mid parents with 

negative heterosis values ranging 

from –5.76% to –9.28%. 

Respecting to vegetative traits, 

all crosses exhibited significant 

positive heterosis values relative to 

mid parents and ranged from 

(27.17% to 107.52%), (18.09% to 

60.78%) and (21.50% to 168.18%) 

for six ratio, plant height and No. of 

branch / plant, respectively. 

Regarding to early yield components 

significant positive heterosis values 

were also obtained from all crosses 

and ranged from (14.29% to 

54.55%), (141.71% to 806.67%) and 

(43.28% to 71.79%) for number of 

fruits/plant, average fruit 

weight/plant and average fruit 

weight/fed. Concerning total fruit 

yield all crosses were also 

significantly better yielding than 

their mid parents and ranged from 

(32.73% to 236.36%) and (75.98% 

to 154.89%) for number of total fruit 

yield/plant and average total fruit 

weight yield/fed., respectively.   

Estimates of heterosis over best 

parents for all studied traits are 

presented in Table 3. In this 

direction, all crosses were 

significant flowered earlier than 

their best parents with negative 

heterosis values ranging from –

2.27% to –8.33%. Respecting to 

vegetative traits, all crosses 

exhibited significant positive 

heterosis values relative to best 

parents for six ratio (21.42% to 

86.82%), plant height (15.63% to 

51.85%), number of branch/plant 

(20.37% to 103.45%).  Regarding to 

early yield traits, significant positive 

heterosis values were also obtained 

from all crosses for number of 

fruits/plant (9.09% to 54.55%), 

average fruit weight/plant (48.45% 

to 806.67%), average fruit 

weight/fed., (24.39% to 63.41%). 

For total yield traits all crosses were 

significantly better yielding than 

their best parents and ranged from 

(59.53% to108.59%) and (59.53% 

to108.59%) for number of total fruit 

yield/plant and average total fruit 

weight yield/fed., respectively. In 

general, these results indicate that all 

crosses were significantly earlier  
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and high yielding than their mid or 

better parents, suggesting the 

important role of non-additive gene 

action in the inheritance of studied 

traits. These results are in agreement 

with those reported by El-Gazar 

(1981); Kash and El-Diasty (1989); 

Gabr (2003); Sadek (2003); Abd El-

Hadi and El-Gendy (2004); Abd El-

Hadi et al (2005 and 2006); El-

Sherbeny et al., (2005). 

Combining ability analysis 

Mean squares of general and 

specific combining ability for all 

studied traits are given in Table 4. 

The results exhibited that mean 

squares of general combining ability 

(GCA) and specific combining 

ability (SCA) were highly 

significant for all studied traits. 

These results indicate that both GCA 

and SCA were important in the 

inheritance of these traits. However, 

the magnitudes of SCA were larger 

than those of GCA for all studied 

traits except the number of days to 

first female flowering (D1
st
 FF). 

These results are in agreement with 

those reported by El-Gendy (1999) ; 

Khalaf Allah et al., (2001); Sadek 

(2003); Abd El-Hadi et al., (2004); 

Abd El-Hadi and El-Gendi (2004). 

On the other hand, Abd El-Hadi et 

al., (2005) and El-Sherbeny et al., 

(2005) reported that mean squares of 

GCA were more important than 

those of SCA for earliness, 

vegetative and yield component 

traits.  

 

GCA effects (gi) 

Estimated of general combining 

ability effects (gi) of each parent for 

all studied traits are presented in 

Table 5. Eskandarany (P1) was the 

best general combiner for all studied 

traits except sex ratio. Zuchino 

Mezza Lung Biano (P3) was good 

general combiner for average fruit 

weight per plant. Moreover, Zuchino 

Mezza Lung Biano (P3) and 

Zucchino 544- 00S (P4) were the 

best general combiners for six ratio. 

Consequently, Eskandarany (P1) 

which exhibited useful general 

combining ability effects could be 

utilized in breeding programs to 

improve earliness and yield 

components.  

SCA effects (Sij) 

 Estimated specific combining 

ability effects (Sij) of each cross 

combination for all studied traits are 

found in Table 6. The results 

revealed that the cross combination 

(P2xP3), which resulting from 

crossing (poor x poor) general 

combiners, showed desirable 

negative significant SCA effects for 

earliness. With respect to vegetative 

traits, four, three and two out of six 

crosses exhibited positive SCA 

effects for SR (%), PH (cm) and 

No.B/P., respectively. As for early 

yield, two, six and three out of the 

six crosses showed significant 

positive SCA effect values for 

No.F/P, AFW/P (g), and AFW/F 

(ton), respectively. Concerning to 

total yield, four, six and six out of  
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the six hybrids were the best 

yielding crosses for No.TFY/P, and 

ATFWY/F (ton), respectively. 

It could be noticed that the 

excellent cross combinations were 

obtained from crossing (good x 

good), (good x poor) and (poor x 

poor) general combiners. Therefore, 

it is not necessary that parents 

having estimates of high GCA 

effects would also give high 

estimates of SCA effects in their 

respective cross combinations. It is 

interesting to note that the promising 

crosses which showed desirable 

SCA effects exhibited as previously 

mentioned high heterosis values for 

these studied traits. These promising 

crosses could be used for squash 

hybrids and segregating generations 

for transgressive segregants. 

Gene action 

Estimates of all types of gene 

action for all studied traits are 

presented in Table 7. The results 

indicated that the magnitude of 

additive genetic variance (σ
2
A) were 

positive and lower than those of non 

additive (σ
2
D) one for all of studied 

traits. This finding could be verified 

by the ratio (σ
2
D/ σ

2
A) 

1/2
 which was 

more than one, indicating that non 

additive gene action played a major 

role in the inheritance of these 

studied traits. Similar results were 

obtained by El-Gendy (1999); Sadek 

(2003); El-Sherbeny et al., (2005). 

Contrarily, Abd El-Hadi et al (2005) 

and noticed that additive genetic 

variances were important than those 

of non additive ones in the 

expression of vegetative and 

earliness traits. 

Estimates of heritability 

The results in Table 7 showed 

that broad sense heritability 

estimates (H
2

b %) were more than 

85% and larger than their 

corresponding of narrow sense 

heritability (H
2

n %). The estimates of 

narrow sense heritability were 

27.25% for earliness. For vegetative 

traits, the estimates of narrow sense 

heritability ranged from 4.02% to 

13.46% for sex ratio and number of 

branches per plant, respectively. 

Respecting to early and total yield 

components, the estimates of narrow 

sense heritability ranged from 8.92 

% to 18.39% for No.TFY/P and 

AFW/P, respectively. These results 

were in agreement with those 

obtained by Khalaf Allah et al., 

(2001); Sadek (2003); Abd El-Hadi 

and El-Gendy (2004); El-Sherbeny 

et al., (2005). The estimate of 

narrow sense heritability presented 

additional evidence about the 

important of non additive gene 

action for earliness and yield 

components. 

Conclusion 

From the data presented in this 

study it could be concluded that the 

cross combinations (P1xP3), (P1xP4), 

(P2xP3) and (P2xP4) showed 

desirable SCA effects and 

significant heterosis values for most 

studied traits. This finding reflects  
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the presence of considerable 

heterosis values and suggested that 

non additive gene effects played the 

major role in the inheritance of these 

traits. These promising crosses could 

be used for developing squash 

hybrids. 
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قرع ومكونات المحصول في  التبكير قوة الهجين وطبيعة فعل الجين لصفات
 .الكوسه

 حازم عبدالرحمن عبٌدالله على

 مصر. -جامعة جنوب الوادي -كلٌة الزراعة بسوهاج -(خضر) البساتٌنقسم 

لدراسة قوو  الججوٌن  بمزرعه كلٌه الزراعه بسوهاج جامعه جنوب الوادى وذلك تم إجراء هذا البحث
باسوتخدام ناوام التججوٌن النصو   ٌعة الفعل الجٌنً  لصفات التزهٌر ومكونوات المحصوول وذلوكوطب

 ثوثثو  )إسكندرانى( مصريواحد تشمل تركٌب وراثً  قرع الكوسهأصنا  من  اربعهدائري بٌن 
 Zucchino Mezzaمون إٌطالٌوا و  Zucchino 544- 00S و Giadoهوى )  تراكٌوب مسوتورد 

Lung Bianco ( وقود أجرٌوت التربٌوة الداخلٌوة )التلاوٌا الوذاتى( لمود  جٌول واحود لجمٌو  نٌوامون الما
  (S1)الأصنا  للحصول على بذور السثلات الناٌة  

 وٌمكن تلخٌص أهم النتائج فٌما ٌلً: 

 واحسوون أاجوورت النتووائج أن معاووم الججوون أعطووت قووو  هجووٌن عالٌووة ومعنوٌووة بالنسووبة لمتوسووط -
 مدروسة.الأبوٌن وذلك لمعام الصفات ال

مموا  تحوت الدراسوه كانت تادٌرات الادر  العامة والخاصة علً التال  معنوٌة جدا لكل الصوفات -
أوضوحت  ٌؤكد أهمٌة التباٌن الوراثً المضوٌ  ويٌور المضوٌ  فوً وراثوة الصوفات تحوت الدراسوة.

 .قٌد الدراسه له قدر  عامة عالٌة  علً التال  لكل الصفات P1 النتائج أن الأب

ذات قودر  خاصوة عالٌوة علوً    and (P2xP4) (P2xP3) ,(P1xP4) ,(P1xP3)ن كانوت الججو -

 ومعام صفات المحصول . المبكر التال  لصفة التزهٌر

 ،التبكٌووركانووت قٌمووة التبوواٌن الوووراثً يٌوور المضووٌ  أكبوور موون التبوواٌن الوووراثً المضووٌ  لصووفة  -
 المحصول ومكوناته. اتصفو

 درجوه% وكانوت أعلوً مون قوٌم 85الواس  أكبور مون  التورٌث فً المدى لدرجهكانت أعلً قٌم  -

 . اٌد الدراسهالتورٌث فً المدي الضٌق لكل الصفات

 مون قولبٌنموا كانوت أ التبكٌور%(  لصوفة 72.75التورٌث فً المدى الضوٌق )  درجهكانت  قٌم   -
 %( لصفات المحصول ومكوناته.70)

لججوون المبشوور  فووً ا خدام هووذ ٌمكوون إسووت تحووت الدراسووه طباووا لنتووائج التحلٌوول الوووراثً للصووفات -
 .اعلى محصول من الكوسه الحصول علً 


