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ABSTRACT 
 

The main objectives of this investigation were to determine the amounts of 
heterosis versus the mid-parents and the better parent, nature of gene action, 
heritability in both broad and narrow senses and correlation between each pair of 
traits. Four parental varieties of squash were crossed to obtain 12 F1 hybrids 
according to a complete diallel crosses mating design.  

The results revealed that the mean squares of genotypes which included four 
parental varieties and their hybrids were highly significant for all vegetative and 
earliness traits from the combined data. The results also cleared that mean values 
showed that no specific parent was superior for all studied traits. Generally, 
Eskandrani (P1) was the best combiner for vein length (V.L.cm), number of leaves per 
plant (No.L./P.), fresh weight per plant (F.W./P.g) and dry weight per plant (D.W./P.g). 
Similarly, Zucchino mezza lung bianco (P2) seemed to be the best combiner for leaf 
area (L.A.cm2) trait. The results also indicated that the parent P2 was the best 
combiner for all earliness traits. On the other hand, the performance of most F1,1r 

hybrids were variable and the results cleared that no hybrid gave the best results for 
vegetative and earliness traits. The results revealed that heterosis over mid-parents 
indicated the presence of highly significant values for all studied traits except for fresh 
weight per plant (F.W./P.g). The estimates of heterosis versus better parent showed 
highly significant values for most studied traits. The results showed the importance of 
general and specific combining abilities. GCA were larger than their corresponding 
estimates of SCA for vegetative and earliness traits. Reciprocal effects (r) were 
significant for most studied traits from the combined data. Estimation of genetic 
parameters showed that additive genetic variance was very important for most studied 
traits. The inheritance of these traits was mostly governed by additive genetic 
variance rather than non-additive  and cytoplasmic genetic factors. In the same time, 
the estimates of heritability in broad sense were larger in magnitudes than their 
corresponding values in narrow sense. 

Most pairs of traits exhibited positive genotypic and phenotypic correlation 
coefficients, such as: vein length (V.L.cm) with number of leaves per plant (No.L./P.), 
leaf area (L.A.cm2), fresh weight per plant (F.W./P.g) and dry weight per plant 
(D.W./P.g). Also, number of first female flowering node (No.1stF.F.N) was significant 
correlated with date of first female flower (D.1stF.F.) and date of first male flower 
(D.1stM.F.). Therefore, plant breeders could design their programs, which make use of 
these advantages to select superior lines from the advanced segregating generations 
of the high yielding F1 hybrids. 

 

INTRODUCTION 
 

Heterosis has been studied in all important vegetable crops as well 
as cucurbits. In squash and other cucurbits, heterosis was utilized aiming to 
increase the productivity and quality of traits. Many investigators studied 
heterosis among them, Kash and El-Diasty (1989) who studied heterotic 
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effects in some squash hybrids. They observed heterosis values versus the 
mid-parents. They also cleared that the estimated values versus the better 
parent were significant for most studied traits. Abd El-Hadi (1995) studied six 
inbred lines and their 30 F1 hybrids among them (including F1 reciprocal 
hybrids) in agoor. He recorded the presence of highly significant values of 
heterosis versus the mid-parents. In this respect, Shamloul (2002) evaluated 
F1 hybrids among new selected inbred lines of sweet melon. He indicated that 
the means of the F1 hybrid significantly exceeded the means of the mid-
parents for all vegetative traits. Similarly,Abd El-Maksoud et al. (2003) 
showed that the average means of the means of F1,1r hybrids and the 
average over all hybrids F1,1r exceeded their mid-parents for all studied traits 
except for sex ratio and days to first female flower, which were desirable 
lower forward increasing in female flower and earliness, respectively. In 
another study, Gabr (2003) estimated heterosis over mid-parents and the 
better parent. He indicated the presence of highly significant heterosis values 
over mid-parents for all studied vegetative traits in squash.  

Concerning, GCA and SCA variances El-Diasty and Kash (1989) 
revealed that additive genetic variances were larger in magnitudes than that 
of the non-additive genetic variances for most vegetative traits. On the other 
hand, Awny et al. (1992) studied five cucumber inbred lines and their 10 F1 
hybrids. They cleared that specific combining ability variances were highly 
significant for leaves number and leaf area traits. They also added that there 
was no parent considered as the best combiner for all studied vegetative 
traits. In summer squash, El-Gendy (1999) reported that general combining 
ability and specific combining ability as well as reciprocal effects were 
significant for days to first female flower, numbers of fruits in the first seven 
pickings. In squash, Sadek (2003) illustrated that the non-additive genetic 
variances including dominance were the most important source of genetic 
variance. The results showed that both additive and non-additive genetic 
variances contributed in the inheritance of position of the first female flower, 
days to the first female flower and early yield as number and weight of fruits. 
Abd El-Hadi and El-Gendy (2004) studied four squash  varieties and their 12 
F1,1r hybrids. They cleared that the analysis of variance of diallel crosses 
mating design indicated that the mean squares of GCA, SCA, GCA × L and 
SCA × L showed highly significance for most studied traits at each location 
and over both locations. Recently, Abd El-Hadi et al. (2004) in squash 
showed that both GCA and SCA reveled highly significant values for all 
studied traits in the F1 hybrids and F2 generations except for F.W.(g) in the F1 
hybrids for GCA. 

Abd El-Hadi et al. (2001) in sweet melon reported that total yield per 
plant and length of fruit were positively correlated with weight of fruit. In 
squash, Abd El-Maksoud et al. (2003) reported that most pairs of traits 
exhibited negative (genotypic and phenotypic) correlation coefficient, while 
the following pairs of traits showed positive correlation coefficient i.e. sex 
ratio, days to the first female flower, early yield as weight and number of fruits 
in the 7 picking per plant total yield as total number and weight of fruits per 
plant. They also added that selection program for improving one or more of 
these traits would improve the others. In this respect, Abdel Sayyed et al. 



. Agric. Sci. Mansoura Univ., 30 (1), march, 2005 

 3 

(2003), in sweet melon, evaluated correlations between fruit quality 
characters. They found that flesh texture were negatively correlated with flesh 
flavor and aroma, while, positive genotypic correlations were detected 
between flesh flavor and each of flesh aroma and total acceptability. 

 

MATERIALS AND METHODS 
 

The genetic materials used in the present investigation included four 
varieties of squash belong to Cucurbita pepo, L. These varieties were: 
Eskandrani (P1), Zucchino mezza lung bianco (P2), White Bush Scallop (P3) 
and Zucchino nano verde di Milano (P4). The seeds of these parental 
varieties were obtained from different countries i.e.: (P1) from Egypt, (P2) from 
Germany, (P3) from United States of America (U.S.A.) and (P4) from Italy. All 
these varieties represented a wide range of variability in most studied traits. 

Plants from each parental varieties were self-pollinated for three 
successive generations to obtain an inbred from each variety. In the summer 
season of 2002, all single crosses including reciprocals were made among 
these four varieties according to a complete diallel crosses mating design to 
produce 6 F1 hybrids and 6 F1 reciprocal hybrids. In addition, the four parental 
varieties were also self-pollinated to obtain enough seeds from each variety.
 In the two summer seasons of 2003 and 2004 all the 16 genotypes 
obtained from the last season were evaluated in field trial experiment at El-
Baramoun Station, Vegetables Research Station, Mansoura. 

In the two growing seasons of 2003 and 2004 all 16 genotypes were 
evaluated in a field trial. The experimental design was the randomized 
complete blocks design with three replications. Each block consisted of 16 
plots. Plot or the experimental unit was one ridge 5.0 m. long and 1.0 m. 
wide. The distance between hills was long 0.5 m. apart. Therefore, each ridge 
contained 10 hills. Data were recorded for the following vegetative and 
earliness traits: vein length (V.L.cm), number of leaves per plant (No.L./P.), 
leaf area (L.A.cm2), fresh weight per plant (F.W./P.g), dry weight per plant 
(D.W./P.g), number of first female flowering node (No.1stF.F.N), date of first 
female flower (D.1stF.F.) and date of first male flower (D.1stM.F.).   

Differences among genotypic means for all studied traits were tested 
for significance according to F-test. The form of analysis of variance and the 
expectations of  mean squares were as outlined by Steel and Torrie (1960). 

The amounts of heterosis were determined as the percentage 
deviation from the means of the F1 hybrids (F1), F1 reciprocal hybrids (F1r) 
and all F1,1r hybrids from the average of all parents (mid-parents) or the better 
parent.  

 In this investigation four varieties were utilized in a complete diallel 
crosses mating design to estimate general combining ability (G.C.A.) and 
specific combining ability (S.C.A.). In addition, the variances of reciprocal 
effect (r) could be also obtained. The procedures of these Analysis were 

described by Griffing (1956) method I. The estimates of GCA variance (2نg) 

and SCA variance (2نs) could be expressed in terms of genetic variances 

according to Matzingar & Kempthorne (1956) and Cockerham (1963). 
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RESULTS AND DISCUSSION 
 

The results of the analysis of variances and the mean squares for all 
genotypes are presented in Table 1. Tests of significance revealed that the 
mean squares of the genotypes showed highly significance for all studied 
traits in both years and from the combined data. This finding indicated the 
presence of real differences among them except Y2 for No.1stF.F.N which 
was only significant. In addition, the significant mean squares of genotypes 
suggested that the planned comparisons to understand the nature of variation 
and determinate the amounts of heterosis for these traits were valid.  
 
Table 1: Analysis of variances and mean squares for vegetative and earliness 

traits for each year and the combined data. 
F.W./P.g L.A.cm2 No.L./P. V.L.cm  

d.f 
 

S.V. Comb. Y2 Y1 Comb. Y2 Y1 Comb. Y2 Y1 Comb. Y2 Y1 

6 - - 0.06 - - 0.03 - - 1.22 - - 1 Years 

1598 2777 418.8 0.46 0.63 0.29 0.64 0.62 0.66 0.02 0.01 0.04 2 Rep. 

27467** 131871** 143874** 578.2** 279.6** 300** 137.1** 61.8** 76.8** 1355** 671.3** 686.9** 15 Gen. 

1075 - - 1.40 - - 1.61 - - 2.98 - - 15 G ×Y 

2470 1733 3208 2.80 2.40 3.20 2.40 3.02 1.78 3.99 3.81 4.17 30 Error 

Table 1: Cont. 

D.1stM.F. D.1stF.F. No.1stF.F.N. D.W./P.g  
d.f 

 
S.V. 

Comb. Y2 Y1 Comb. Y2 Y1 Comb. Y2 Y1 Comb. Y2 Y1 
6.41 

- - 
0.25 

- - 
0.002 

- - 23.01 - - 1 Years 

0.96 1.71 0.20 1.3 0.35 2.28 0.002 0.002 0.001 
21.48 28.31 14.65 2 Rep. 

25.7** 13.2** 14.2** 89.6** 45.6** 44.7** 0.11** 0.05* 0.06** 
2217** 1089** 1147** 15 Gen. 

1.59 
- - 

0.69 
- - 

0.002 
- - 18.68 - - 15 

G ×Y 

1.40 1.56 1.23 1.33 1.37 1.29 0.001 0.001 0.001 
24.78 26.74 22.82 30 

Error 

*,** Significant at 0.05 and 0.01 levels of probability, respectively. 

 

In the same time, the mean squares of genotypes by years 
interactions obtained from the combined data were insignificant for all studied 
traits. 

The means of four parental varieties and their 12 F1,1r hybrids at two 
years and their com 

bined data were calculated and the results are presented in Table 2. 
The results showed that there was no specific parent was superior or the best 
for all studied traits. It is also cleared that the parental variety P1 was the 
highest parent for V.L.cm, No.L./P., F.W./P.g and D.W./P.g traits for the two 
years and from the combined data. While, the highest parent for L.A.cm2 was 
P2. On the other hand, the parental variety P3 was the lowest parent for most 
studied traits. The differences between the means of the lowest and the 
highest parent were highly significant indicated the presence of genetic 
differences between these parental varieties. 

In the same time, the results showed that there were no significant 
differences between the means of the F1 hybrids and F1 reciprocal hybrids for 
most studied traits. The results indicated that the highest F1 hybrids for the 
V.L.cm was P1 × P3 with the mean of 98.9 cm. from the combined data. 
Whereas, the highest F1 reciprocal hybrid was P2 × P1 with the mean of 70.5 
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cm. It was regarded that the means of F1 hybrids calculated from the 
combined data ranged from 58.7 to 98.9; 27.8 to 40.1; 82.8 to 94.5; 889 to 
1512 and 147.8 to 201.3 for V.L.cm, No.L./P., L.A.cm2, F.W./P.g and 
D.W./P.g traits, respectively. In the same time, F1r reciprocal hybrids ranged 
from 54.3 to 70.5; 26.8 to 35.7; 87.8 to 94.6; 860.6 to 1061 and 144.7 to 
171.6 for the same above traits, respectively. 

Concerning earliness traits, the result revealed that the means of the 
four parental varieties showed that the lowest (desirable) parent was P2 for all 
earliness traits at the two years and from the combined data except for first 
year (Y1) for D.1stF.F. While, the highest parent for No.1stF.F.N. was P1 
(undesirable) at the two years and from the combined data. On the other 
hand, the variety P3 was the highest (undesirable) parent for D.1stF.F. and 
D.1stM.F, respectively at the two years and from the combined data.  

The results also indicated that P2 variety was the earliest variety for 
flowering followed by P4. This finding could be confirmed by the means of 
days to first female flower, which ranged from 46.6 to 56.8 days from the 
combined data. Furthermore, days to first male flower ranged from 45.8 to 
51.5 days from the combined data, indicating that P3 was a very late variety, 
the variety P2 followed by P4 were early maturing varieties. In addition, the 
earlier F1 hybrids and F1 reciprocal hybrids were obtained when the included 
one or more of the earlier parents. For instance, the hybrid P2 × P4 exhibited 
the lowest (desirable) number of nodes to the first female flower from 
combined data, while the hybrids P1 × P4 and P2 × P3 exhibited the highest 
(undesirable) means for number of nodes to the first female flower from the 
combined data. On the other hand, the F1r reciprocal hybrid P2 × P1 was the 
lowest (desirable) for combined data and the hybrid P4 × P3 was the highest 
(undesirable) from combined data for the same trait.  

The results of combined data also indicated that the latest F1 hybrid for 
D.1stF.F. was P3 × P4 with the mean of 47.3 days. Whereas, the highest F1 
reciprocal hybrid for D.1stF.F. was P3 × P1 with the mean of 49.4 days. On the 
other hand, F1 hybrid P1 × P2 was the earlier (desirable) with the mean 43.0 
days. While, F1 reciprocal hybrid P4 × P2 was the earlier (desirable) with the 
mean 40.9 days for the same trait. It could be also regarded that the means 
of F1 hybrids for the combined data ranged from 3.66 to 3.83; 43.0 to 47.3 
days and 43.8 to 45.6 days for No.1stF.F.N, D.1stF.F. and D.1stM.F traits, 
respectively. In the same time, F1 reciprocal hybrids ranged from 3.73 to 
3.85; 40.9 to 49.4 days and 42.0 to 46.3 days for the same obvious traits, 
respectively. 

Concerning the performances of F1 and F1r hybrids for vegetative and 
earliness traits, the results indicated that the magnitudes of the means of F1 
and F1r hybrids were close to each other for most studied traits. In the same 
time, when the hybrids were compared with each other the results showed 
the presence of significant differences for many traits. It is also cleared that 
some F1 and F1r hybrids of studied traits exceeded the better parent. 
Therefore, it would be expected because there were quite heterosis values 
versus the mid-parents. 
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Table 2: The mean performances of four parental varieties, their F1 and F1r 
hybrids for vegetative and earliness traits for each year and the 
combined data. 

Genotypes 

V.L.cm No.L./P. L.A.cm2 F.W./P.g 

Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. 

P1 67.1H 69.1 H 68.1 H 27.1 H 27.8 H 27.5 H 79.4 80.3 79.9 957.3H 970.5 H 963.9 H 

P2 46.8 47.8 47.3 26.7 27.3 27.0 81.4 H 82.6 H 82.0 H 800.6 853.9 827.3 

P3 34.4 L 35.4 L 34.9 L 19.9 L 20.5 L 20.2 L 54.6 L 55.5 L 55.0 L 483.8 L 530.8 L 507.3 L 

P4 55.9 54.9 55.4 26.9 26.2 26.6 77.1 75.8 76.4 960.4 954.0 957.2 

P1 × P2 76.4 78.0 77.2 33.8 34.3 34.0 90.7 91.9 91.3 1034 1104 1069 

P1 × P3 99.7 H 98.1 H 98.9 H 41.1 H 39.0 H 40.1 H 95.6 H 93.3 H 94.5 H 1517 H 1507 H 1512 H 

P1 × P4 86.5 86.7 86.6 35.5 36.0 35.7 82.7 L 82.9 L 82.8 L 1301 1317 1309 

P2 × P3 58.8 L 58.7 L 58.7 L 29.1 28.7 28.9 87.9 87.5 87.7 893.9 L 884.1 L 889.0 L 

P2 × P4 68.7 66.4 67.5 32.8 31.0 31.9 92.4 92.1 92.3 1111 1094 1102 

P3 × P4 61.1 62.5 61.8 27.6 L 28.0 L 27.8 L 84.8 85.4 85.1 977.4 987.2 982.3 

P2 × P1 70.1 H 70.8 H 70.5 H 30.9 31.1 31.0 92.1 91.8 92.0 1064 H 1057 H 1061 H 

P3 × P1 54.9 L 53.7 L 54.3 L 25.9 L 27.7 26.8 L 94.9 H 94.3 H 94.6 H 850.7 L 870.5 L 860.6 L 

P4 × P1 67.4 69.3 68.4 36.2 H 35.2 H 35.7 H 92.4 91.7 92.1 1014 1007 1011 

P3 × P2 60.9 62.4 61.7 26.9 27.9 27.4 87.8 L 88.1 88.0 967.3 963.9 965.6 

P4 × P2 66.8 67.0 66.9 30.9 31.8 31.4 91.9 92.2 92.0 997.3 987.3 992.3 

P4 × P3 56.9 55.2 56.1 27.7 27.3 L 27.5 88.2 87.5 L 87.8 L 977.2 967.3 972.3 

L.S.D.0.05 3.40 3.25 3.26 2.22 2.89 2.53 2.98 2.58 2.73 94.34 69.33 81.16 

L.S.D.0.01 4.59 4.38 4.34 3.00 3.90 3.36 4.02 3.48 3.63 127.2 93.46 107.9 

Table 2: Cont. 

Genotypes 

D.W./P.g No.1stF.F.N. D. 1stF.F. D.1stM.F. 
Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. 

P1 153.9 H 156.1 H 155.0 H 4.22 H 4.21 H 4.22 H 52.1 51.5 51.8 47.3 46.7 47.0 

P2 145.4 146.0 145.7 3.96 L 3.97 L 3.97 L 46.4 46.8 L 46.6 L 45.4 L 46.1 L 45.8 L 

P3 114.1 L 115.5 L 114.8 L 3.98 3.99 3.99 57.2 H 56.3 H 56.8 H 51.8 H 51.3 H 51.5 H 

P4 153.6 152.1 152.9 4.03 4.01 4.02 46.1 L 47.4 46.8 45.4 L 46.3 45.9 

P1 × P2 166.1 165.5 165.8 3.72 3.75 3.73 43.4 L 42.6 L 43.0 L 43.8 L 44.1 43.9 

P1 × P3 199.9 H 202.8 H 201.3 H 3.75 3.74 3.75 46.7 46.5 46.6 44.4 44.8 44.6 

P1 × P4 190.8 187.5 189.2 3.82 3.84 H 3.83 H 44.1 43.5 43.8 45.2 45.9 H 45.6 H 

P2 × P3 148.9 L 146.7 L 147.8 L 3.84 H 3.83 3.83 H 43.5 43.6 43.6 43.5 H 44.1 43.8 L 

P2 × P4 165.5 166.9 166.2 3.64 L 3.68 L 3.66 L 44.9 45.3 45.1 44.4 43.6 L 44.0 

P3 × P4 153.2 153.9 153.5 3.81 3.83 3.82 47.1 H 47.6 H 47.3 H 45.2 45.3 45.3 

P2 × P1 170.6 H 172.7 H 171.6 H 3.72 L 3.75 L 3.73 L 43.4 43.3 43.4 44.2 43.7 44.0 

P3 × P1 139.7 L 149.8 L 144.7 L 3.83 3.81 3.82 49.3 49.4 49.4 46.1 H 46.5 H 46.3 H 

P4 × P1 158.8 159.5 159.2 3.79 3.82 3.80 47.3 47.6 47.5 45.2 45.5 45.4 

P3 × P2 153.1 156.8 155.0 3.81 3.84 H 3.83 44.9 43.7 44.3 44.2 46.0 45.1 

P4 × P2 152.3 155.1 153.7 3.73 3.76 3.74 41.3 L 40.4 L 40.9 L 41.4 L 42.5 L 42.0 L 

P4 × P3 159.4 153.8 156.6 3.87 H 3.83 3.85 H 48.3 48.9 48.6 45.1 45.5 45.3 

L.S.D.0.05 7.95 8.61 8.13 0.05 0.05 0.05 1.89 1.94 1.88 1.85 2.08 1.93 

L.S.D.0.01 10.72 11.61 10.81 0.07 0.07 0.07 2.55 2.62 2.50 2.49 2.80 2.57 

  H= The highest value   L= The lowest value 
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Heterosis versus the mid-parents (HM.P.%) were estimated for 
vegetative and earliness traits and the results are presented in Table 3. The 
result cleared the presence of heterosis versus the mid-parents for most 
vegetative traits over two years and their combined data. All hybrids exhibited 
highly significant and positive values for V.L.cm, No.L./P. and L.A.cm2. The 
results also revealed that heterotic effects for F1 hybrids for the combined 
data ranged from 31.5 to 92.1% for V.L.cm; 18.9 to 68.1% for No.L./P; 6.0 to 
40.0% for L.A.cm2; 19.4 to 105.6% for F.W./P.g and 10.3 to 49.3% for 
D.W./P.g. In the same time, the results revealed that heterotic effects for F1r 
hybrids ranged from 5.4 to 49.9%; 12.4 to 32.3%; 13.6 to 40.2%; 5.2 to 
44.7% and 3.0 to 19.0% for V.L.cm, No.L./P., L.A.cm2, F.W./P.g and 
D.W./P.g, respectively.  

The results also showed the presence of heterosis relative to mid-
parents for earliness traits over two years and the combined data. All hybrids 
showed negative highly significant and desirable heterotic values for 
No.1stF.F.N, D.1stF.F. and D.1stM.F. toward earliness, except the F1 hybrid P1 
× P4 was insignificant for Y2 and only significant for combined data for 
D.1stM.F. trait. 

Heterosis versus the better parent (HB.P.%) was estimated for 
vegetative and earliness traits and the results are presented in Table 4. The 
result indicated that all hybrids showed positive and highly significant 
heterosis values for L.A.cm2 for the two years and the combined data except 
for P1 × P4 in Y2. While, all hybrids were insignificant for F.W./P.g. At the 
same time, most hybrids were highly significant for V.L.cm and No.L./P. 
While, most hybrids were insignificant for D.W./P.g for the two years and their 
combined data.  

These results revealed that heterotic effects (HB.P.%) for F1  and their 
F1r hybrids from the combined data showed that 10,11,12,0 and 4 hybrids 
from the 12 had positive significant values for V.L.cm, No.L./P, L.A.cm2, 
F.W./P.g and D.W./P.g, respectively. The results cleared the presence of 
heterosis percentage of the 12 hybrids relative to better parent for earliness 
traits at two years and  from the combined data. All hybrids showed highly 
significant and (desirable) negative heterotic values for No.1stF.F.N. for the 
two years and their combined data. Similarly, 10 and 6 hybrids showed highly 
significant and (desirable) negative heterotic values for D.1stF.F. and for 
D.1stM.F. from the combined data, respectively.  

The analysis of variances for combining ability of the four varieties and 
their hybrids for vegetative and earliness traits for the two years and their 
combined data are shown in Table 5. The combined data revealed that the 
mean squares due to hybrids were highly significant for all studied traits 
except for F.W./P.g. which was significant. While, the mean squares due to 
general combining ability were significant and highly significant for all studied 
traits except for No.1stF.F.N. and D.1stM.F were insignificant for the two 
years. 
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Table 3: Heterosis relative to mid-parents (HM.P.%) for vegetative and earliness     
traits for each year and the combined data over the two years. 

Hybrids 

V.L.cm No.L./P. L.A.cm2 F.W./P.g 

Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. 

P1 × P2 34.1** 33.4** 33.8** 25.8** 24.4** 25.1** 12.8** 12.8** 12.8** 16.8 L 21.9 19.4 L 

P1 × P3 96.5**H 87.8** H 92.1** H 74.8** H 61.6** H 68.1** H 42.7** H 37.5** H 40.0** H 108.6* H 102.6** H 105.6** H 

P1 × P4 40.7** 39.9** 40.3** 31.5** 33.2** 32.3** 5.7** L 6.3** L 6.0** L 34.7 37.9 36.3 

P2 × P3 44.7** 41.0** 42.8** 24.7** 20.1** 22.4** 29.3** 26.7** 28.0** 39.2 27.7 33.2 

P2 × P4 33.7** L 29.3** L 31.5** L 22.5** 16.2** L 19.3** 16.6** 16.4** 16.5** 26.1 21.0 L 23.5 

P3 × P4 35.3** 38.4** 36.8** 17.8** L 19.9** 18.9** L 28.8** 30.2** 29.5** 35.4 33.0 34.2 

P2 × P1 23.1** 21.2** 22.2** 14.9** 12.9** L 13.9** 14.6** L 12.7** L 13.6** L 20.1 16.7 18.4 

P3 × P1 8.2** L 2.7 L 5.4** L 10.2** L 14.6** 12.4** L 41.7** H 38.8** H 40.2** H 17.0 17.0 17.0 

P4 × P1 9.6** 11.9** 10.7** 34.2** H 30.4** H 32.3** H 18.1** 17.5** 17.8** 5.0 L 5.4 L 5.2L 

P3 × P2 49.9** H 49.9** H 49.9** H 15.6** 16.8** 16.2** 29.1** 27.7** 28.4** 50.6 H 39.2 H 44.7H 

P4 × P2 30.1** 30.5** 30.3** 15.4** 19.2** 17.3** 15.9** 16.4** 16.2** 13.3 9.2 11.2 

P4 × P3 26.0** 22.3** 24.2** 18.3** 16.9** 17.6** 33.9** 33.3** 33.6** 35.3 30.3 32.8 

L.S.D.0.05 2.95 2.82 2.82 1.92 2.51 2.19 2.58 2.23 2.37 81.7 60.04 70.29 

L.S.D.0.01 3.97 3.80 3.76 2.59 3.38 2.91 3.48 3.01 3.15 110.1 80.94 93.48 

 
Table 3: Cont.  

Hybrids 

D.W./P.g N.1stF.F.N. D.1stF.F. D.1stM.F. 

Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. 

P1 × P2 10.8** L 9.7* L 10.3** L -9.1** L -8.4** -8.8** L -11.9** -13.3** -12.6** -5.5** -5.1** -5.3** 

P1 × P3 49.2** H 49.3** H 49.3** H -8.5** -8.7** L -8.6** -14.5** -13.7** -14.1** -10.3** -8.6** -9.4** 

P1 × P4 24.7** 21.1** 22.9** -7.3** -6.4** -6.9** -10.1** -12.1** -11.1** -2.5** -1.2 H -1.8* H 

P2 × P3 14.5** 12.5** 13.5** -3.4**H -3.9** H -3.6** H -16.0** L -15.5** L -15.7** L -10.5** L -9.4** L -10.0** L 

P2 × P4 11.1** 11.6** 11.3** -8.9** -7.7** -8.3** -2.8** H -3.9** H -3.4** H -2.2** H -5.7** -4.0** 

P3 × P4 15.1** 14.4** 14.7** -4.8** -4.3** -4.5** -8.8** -8.3** -8.5** -7.1** -7.1** -7.1** 

P2 × P1 13.8** 14.5** 14.1** -9.0** L -8.4** L -8.7** L -11.9** -11.8** -11.9** -4.6** -5.9** -5.2** 

P3 × P1 4.3 10.3** 7.3* -6.7** -7.0** -6.9** -9.7** -8.4** -9.1** -6.8** -5.1** -6.0** 

P4 × P1 3.8 3.0 L 3.4 -8.2** -7.1** -7.6** -3.5** H -3.8** H -3.7** H -2.6** H -2.1* H -2.3** H 

P3 × P2 17.8** 20.2** H 19.0** H -4.0** -3.4** H -3.7** H -13.3** L -15.2** L -14.2** L -9.1** L -5.5** -7.3** 

P4 × P2 2.2 L 3.7 3.0 L -6.6** -5.8** -6.2** -10.6** -14.2** -12.4** -8.8** -8.0** L -8.4** L 

P4 × P3 19.8** H 14.3** 17.0** -3.5** H -4.2** -3.8** -6.5** -5.8** -6.1** -7.1** -6.7** -6.9** 

L.S.D.0.05 6.89 7.46 7.04 0.05 0.05 0.05 1.64 1.68 1.62 1.60 1.80 1.67 

L.S.D.0.01 9.29 10.06 9.36 0.06 0.06 0.06 2.21 2.27 2.16 2.16 2.43 2.23 

*,** Significant and highly significant at 0.05 and 0.01  probability levels, respectively . 
  H= The highest value   L= The lowest value 
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Table 4: Heterosis relative to better parent (HB.P.%) for vegetative and earliness 
traits for each year and the combined data over the two years. 

Hybrids 
V.L.cm No.L./P. L.A.cm2 F.W./P.g 

Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. 

P1 × P2 13.8** 12.9** L 13.3** 24.7** 23.3** 23.8** 11.4** 11.3** 11.3** 6.5 15.3 10.9 

P1 × P3 48.6** H 42.0** H 45.3** H 51.5** H 40.4** H 45.6** H 20.4** H 16.2** H 18.2** H 56.3 H 57.4 H 56.9 H 

P1 × P4 29.0** 25.5** 27.2** 31.0** 29.4** 29.9** 4.2** L 3.3* L 3.7** L 34.0 37.6 35.8 

P2 × P3 25.6** 22.7** 24.1** 8.9** 5.0** L 6.9** 8.0** 5.9** 7.0** 11.6 3.5 L 7.5 

P2 × P4 22.8** 20.9** 21.9** 22.1** 13.7** 18.3** 13.5** 11.5** 12.5** 15.6 14.7 15.2 

P3 × P4 9.2** L 13.8** 11.5** L 2.6* L 6.7** 4.4** L 10.0** 12.7** 11.4** 1.8 L 3.5 L 2.6 L 

P2 × P1 4.5* 2.5 3.5* 13.9** 11.9** 12.7** 13.1** 11.1** 12.1** 9.6 10.4 10.0 

P3 × P1 -18.2** L -22.3** L -20.3** L -4.4** L -0.5 L -2.6* L 19.5** H 17.4** H 18.4** H -12.3 L -9.1 L -10.7 L 

P4 × P1 0.45 0.34 0.39 33.7** H 26.6** H 29.9** H 16.4** 14.2** 15.2** 4.5 5.2 4.8 

P3 × P2 30.1** H 30.5** H 30.3** H 0.87 2.1 1.5 7.8** L 6.7** L 7.3** L 20.8 H 12.9 H 16.7 H 

P4 × P2 19.6** 22.0** 20.8** 15.0** 16.6** 16.2** 12.9** 11.6** 12.2** 3.8 3.5 3.7 

P4 × P3 1.8 0.61 1.20 3.1** 4.1** 3.4** 14.4** 15.4** 15.0** 1.8 1.4 1.6 

L.S.D.0.05 3.40 3.25 3.26 2.22 2.89 2.53 2.98 2.58 2.73 94.3 69.3 81.2 

L.S.D.0.01 4.59 4.38 4.34 3.00 3.90 3.36 4.02 3.48 3.63 127.2 93.5 107.9 
 

Table 4: Cont.   

Hybrids 
D.W./P.g N.1stF.F.N. D.1stF.F. D.1stM.F. 

Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. 

P1 × P2 7.9 6.0 7.0 -6.1** -5.6** -6.0** -6.5** -9.0** -7.8** -3.5** -4.4** -4.1** 

P1 × P3 29.9** H 29.9** H 29.9** H -5.7** -6.3** -6.1** -10.3** L -9.6** L -10.0** L -6.1** L -4.1** -5.1** L 

P1 × P4 24.0** 20.1** 22.0** -5.1** -4.2** -4.6** -4.3** -8.2** -6.4** -0.4 H -0.8 H -0.7 H 

P2 × P3 2.1 0.85 1.5 -3.1** H -3.6** H -3.5** H -6.2** -6.9** -6.5** -4.3** -4.3** -4.4** 

P2 × P4 8.8* 8.6* 8.7* -8.2** L -7.2** L -7.8** L -2.5* -3.3** -3.2** -2.2* -5.5** L -4.0** 

P3 × P4 0.70 L 0.20 L 0.40 L -4.2** -4.1** -4.3** 2.1* H 0.4 H 1.1 H -0.5 -2.1* -1.4 

P2 × P1 10.8** H 10.6* H 10.7* H -6.1** L -5.6** L -6.0** L -6.5** -7.4** -7.0** -2.6** -5.2** -4.0** 

P3 × P1 -9.2* L -4.1 L -6.6 L -3.9** -4.5** -4.3** -5.3** -4.1** -4.7** -2.5** -0.5 -1.5 

P4 × P1 3.2 2.2 2.7 -6.0** -4.8** -5.4** 2.7** 0.4 1.4 -0.5 H -1.7 -1.2 H 

P3 × P2 5.0 7.8 6.4 -3.8** -3.2** H -3.6** H -3.2** -6.6** -4.9** -2.7** -0.1 H -1.5 

P4 × P2 0.15 1.0 0.53 -5.9** -5.4** -5.8** -10.3** L -13.6** L -12.3** L -8.7** L -7.8** L -8.4** L 

P4 × P3 4.8 0.15 2.4 -2.8** H -4.0** -3.6** H 4.8** H 3.2** H 3.8** H -0.6 -1.7 -1.3 

L.S.D.0.05 7.95 8.61 8.13 0.05 0.05 0.05 1.89 1.94 1.88 1.85 2.08 1.93 

L.S.D.0.01 10.7 11.6 10.8 0.07 0.07 0.07 2.55 2.62 2.50 2.49 2.80 2.57 

*,** Significant and highly significant at 0.05 and 0.01  probability levels, respectively . 
  H= The highest value   L= The lowest value 

 

Genetic parameters, including additive (2نA), dominance (2نD), 

reciprocal effect (2نr),additive variance × year (2نA × Y), non-additive genetic 

variances × year (2نD × Y) and reciprocal effect × year (2نr × Y) in addition to 
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heritability in broad (h2
b%) and narrow (h2

n%) senses for vegetative traits and 
the obtained results are presented in Table 6.The results from the two years 

and the combined data illustrated that the magnitudes of 2A were larger in 
magnitudes than corresponding values of 2D for V.L.cm, F.W./P.g. and 

D.W./P.g traits. On the other hand, the magnitudes of 2D were larger for 

No.L./P. and L.A.cm2. The results also indicated that the magnitudes of 2نA × 

Y were larger than those of 2نD × Y for all studied traits except L.A.cm2 trait. 

It could be emphasized on the important of 2نA and 2نD for the inheritance of 

the studied traits. The obtained results of 2نA and 2نD could explain the 

presence of heterosis could be due to 2نD and 2نA × A epistasis. The results 

also cleared the presence of 2نr for all studied traits. All of genetic 

parameters played an important role in the inheritance of all studied traits. 
Similar results were obtained by values of heritability in narrow sense. 

The results also illustrated the importance of reciprocal variances (2نr), 

which was larger than both additive and dominance genetic variances,except 
for L.A.cm2.This result indicated that these traits not only controlled by 
nuclear genetic factors,but also the cytoplasmic genetic factors which play an 
important role in the inheritance of these traits.The same trend was also 
observed for vegetative traits as presented in the same table for earliness 

traits.Thus,both additive (2نA),non-additive genetic variances including 

dominance (2نD) contributed to the inheritance of No.1stF.F.N, D.1stF.F. and 

D.1stM.F.traits.The dominance (2نD) genetic variance was larger than the 

corresponding values of additive genetic variance (2نA) for No.1stF.F.N trait. 

This suggests that dominance genetic variance played the major role in the 
genetic expression of earliness traits. On the other hand, the magnitudes of 
 A were larger for D.1stF.F. and D.1stM.F. This suggests that additiveن2

genetic variance played the major role in the genetic expression of these 

traits. Furthermore, the reciprocal effect variance (2نr) were positive for all 

studied earliness traits, indicating that cytoplasmic factors have their role in 
the expression of these traits in addition to nuclear genes.         

The values of heritability in broad (h2
b%) and narrow (h2

n%) senses 
were also estimated and the results are cleared in the same Table.  

Concerning heritability values from the combined data. The results 
indicated that the magnitudes of the values in broad sense (h2

b%) were 
always larger than their corresponding narrow sense (h2

n%) for all studied 
traits. The values of heritability in broad sense ranged from 24.71% to 
82.01% for No.L./P. and L.A.cm2 traits, respectively. In the same time, the 
highest value of h2

n% was 74.24% for D.1stF.F. These obtained values of 
heritability indicated the possibility of improving these studied traits through 
selection programs in the segregated generations.   

The results also cleared that GCA mean squares were important than 
that SCA mean squares for all studied traits except for L.A.cm2 and 
No.1stF.F.N. This finding cleared that additive genetic variances were more 
important in the inheritance of these traits. This was emphasized by the ratio 
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of GCA/SCA exceed one. Meanwhile, the SCA mean square or non-additive 
genetic variances were more important than GCA mean squares for L.A.cm2. 

The reciprocal effect variance was significant for combined data for all 
studied traits except for D.W./P.g, No.1stF.F.N. and D.1stM.F. While, the 
interactions of GCA by years (GCA × Y), SCA by years (SCA × Y) and rec. by 
years (Rec.×Y) were insignificant for all studied traits. The interaction 

between crosses by years were only significant for D.1stF.F. 
Positive or negative GCA effects (gi) estimates could indicate that a 

given inbred is better or poorer than the average of the group involved with it 
in the complete diallel crosses mating system. 

The general combining ability effects (gi) of four parents for vegetative 
and earliness traits of the two years and their combined data are given in 
Table 7.The results revealed that the P1 for  GCA effects showed (desirable) 
positive and highly significant values for V.L.cm, No.L./P., F.W./P.g and 
D.W./P.g. While, it only significant for L.A.cm2. On the other hand, the GCA 
effects showed highly significant and positive (desirable) for the parent P2 for 
L.A.cm2 for the two years and their combined data. These results indicated 
that the parents P3 and P4 having negative (undesirable) and significant GCA 
for V.L.cm, No.L./P. and D.W./P.g. 

These results indicated that the parents P2  and P1 were the best 
combiner for L.A.cm2. In the same time, the two parents P1 and P2 were the 
best combiner for No.L./P. Meanwhile, the GCA effects were significant and 
positive for most studied traits. The parent P1 was the best combiner for 
V.L.cm, No.L./P., F.W./P.g and D.W./P.g. The results for the two years and 
their combined analysis revealed that the GCA effects showed (desirable) 
negative and highly significant values to the parent P2 for all earliness traits, 
No.1stF.F.N, D.1stF.F. and D.1stM.F. toward earliness. Meanwhile, the GCA 
effects were found to be significant and positive (undesirable) for the parent 
P3 for all studied earliness traits.  

Estimates of specific combining ability effects (sij) of 12 hybrids for 
vegetative and earliness traits for two years and their combined data are 
presented in Table 8. The results showed that the F1 hybrids P1 × P3 and P2 × 

P4 showed highly significant positive (desirable) of SCA effects for V.L.cm for 
combined data. While, the F1 hybrids P1 × P2 and P3 × P4 showed highly 

significant and negative (undesirable) of SCA effects for combined data for 
the same trait.The F1 hybrid P1 × P3 gave the highest value for V.L.cm 2.90 
for the combined data. On the other hand, F1r hybrids P2  × P1, P3  × P1, P4  × 
P1 and P4  × P3 showed highly significant positive (desirable) of SCA effects 
for V.L.cm for combined data. While, the F1r hybrid P3 × P2 showed highly 
significant negative (undesirable) of SCA effects for combined data for the 
same trait. The F1r hybrid P3  × P1 showed the highest value 22.3 for the 
combined data for the same trait. 

For No.L./P.,the F1 hybrid P2×P4 gave the highest significant value 1.02 
for the combined data. While, the F1r hybrid P3 × P1 showed the highest value 
6.63 for combined data for the same trait. For L.A.cm2 the F1 hybrid P1 × P3 

cleared the highest value 3.37 for the combined data. While, the F1r hybrid P4 

× P2 gave the highest value 0.11 for the combined data for the same trait. For 
F.W./P.g the F1 hybrid P1 × P3 cleared the highest value 56.4 for combined 
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data. While, the F1r hybrid P3 × P1 gave the highest value 131 for combined 
data for the same trait. For D.W./P.g the F1 hybrid P1 × P3 gave the highest 
value 2.75 for combined data. While, the F1r hybrid P3 × P1 gave the highest 

value 28.3 for the combined data for the same trait.  
Table 5: Analysis of combining abilities and mean squares of F1 hybrids for 

vegetative and earliness traits. 

S.V. d.f. 

V.L.cm No.L./P. L.A.cm2 F.W./P.g 

Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. 

Crosses 11 515.8** 510** 1023** 61.42** 44.95** 104.4** 45.55** 36.97** 81.36** 100906** 100179** 200226** 

         G.C.A. 3 135.9** 146** 281.7** 8.80* 9.78* 18.2* 19.24* 16.14* 34.84** 18145* 23569** 41453** 

         S.C.A. 2 42.2* 21.6 61.2* 7.67 5.59 13.2 39.73* 31.08* 70.4* 11851 8469 20091 

         R.E. 6 233.2** 231** 463.7** 30.6** 20.7** 50.3** 4.98 4.17* 8.84* 48642** 46613** 94937** 

C × Y 11 -- -- 3.19 -- -- 1.93 -- -- 1.16 -- -- 859 

  G.C.A. × Y 3 -- -- 0.29 -- -- 0.38 -- -- 0.55 -- -- 260.7 

  S.C.A. × Y 2 -- -- 2.60 -- -- 0.10 -- -- 0.41 -- -- 229.6 

 R.E.    × Y 6 -- -- 0.94 -- -- 0.96 -- -- 0.30 -- -- 318.1 

Pooled Error 22/44 1.90 1.73 1.81 0.81 1.37 1.09 1.45 1.09 1.27 1458 787.6 1123 

G.C.A./ S.C.A.  -- 3.22 6.76 4.60 1.15 1.75 1.38 0.48 0.52 0.49 1.53 2.78 2.06 

G.C.A.× Y/S.C.A.× Y  -- -- -- 0.11 -- -- 3.80 -- -- 1.34 -- -- 1.14 

 
Table 5: Cont. 

S.V. d.f. 

D.W./P.g No.1stF.F.N. D.1stF.F. D.1stM.F. 

Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. 

Crosses 11 895.9** 820.3** 1691.2** 0.013** 0.008** 0.019** 17.04** 23.14** 39.69** 4.22** 7.63** 10.04** 

G.C.A. 3 195.2* 278.8* 468.4** 0.009 0.004 0.012* 14.49* 19.24** 33.4** 2.35 5.59 7.36* 

S.C.A. 2 38.6 62.01 48.29 0.006 0.006 0.012* 0.45 1.15 1.49 0.26 1.75 1.25 

           R.E. 6 448.6** 341.3** 783.2** 0.002 0.001 0.003* 3.02* 4.14* 7.06** 1.32 1.29 2.04 

C × Y 11 -- -- 25.1 -- -- 0.001 -- -- 0.49 -- -- 1.81* 

      G.C.A. × Y 3 -- -- 5.65 -- -- 0.0008 -- -- 0.34 -- -- 0.58 

      S.C.A. × Y 2 -- -- 17.6 -- -- 0.0001 -- -- 0.11 -- -- 0.76 

      R.E.    × Y 6 -- -- 6.63 -- -- 0.0001 -- -- 0.10 -- -- 0.56 

Pooled Error 22/44 10.4 12.2 11.3 0.0006 0.0007 0.0006 0.59 0.62 0.60 0.56 0.71 0.63 

G.C.A./ S.C.A. -- 5.06 4.50 9.70 1.5 0.7 1.0 32.2 16.7 22.4 9.04 3.19 5.89 

G.C.A.×Y/S.C.A.×Y -- -- -- 0.32 -- -- 8.00 -- -- 3.09 -- -- 0.76 

*,** Significant at 0.05 and 0.01 levels of probability, respectively . 
 

The F1 hybrids P1 × P3 and P2 × P4 showed highly significant negative 
(desirable) of SCA effects for No.1stF.F.N. from combined data. While, the F1r 
hybrid P4 × P2 was significant and negative (desirable) of SCA effects for 
combined data for the same trait. This value  was -0.044 for the combined 
data for the same trait.  For D.1stF.F. the F1 hybrids P1  × P4 and P2  × P3 
showed the highest negative values for combined data. While, the F1r hybrid 
P3 × P2 gave the highest negative value -1.95 from the combined data for the 
same trait. For D.1stM.F. the F1 hybrids P1  × P3 and P2  × P4 gave the highest 
negative values for combined data. While, the F1 reciprocal hybrid P3 × P1 

gave the highest negative value -1.18 for the combined data for the same 
trait. 
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Table 6: The relative magnitudes of different genetic parameters and heritability for 
vegetative and earliness traits for each year and the combined data over the 
two years. 

Genetic 
parameters and 

heritability 

V.L.cm No.L./P. L.A.cm2 F.W./P.g 

Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. 
 A 46.8 62.2 55.6 0.56 2.1 1.18 -10.24 -7.48 -8.92 5197 7550 5332 ن2
 D 20.2 9.94 14.7 3.43 2.11 3.27 19.1 15.0 17.5 3148 3841 4965 ن2
 r 115.6 114.9 115.7 14.9 9.67 12.4 1.76 1.53 2.14 23592 22913 23655 ن2

 A × Y -- -- 0.57 -- -- 0.07 -- -- -0.03 -- -- 7.75 ن2
 D × Y -- -- 0.39 -- -- -0.49 -- -- 0.43 -- -- -446.6 ن2

 r × Y -- -- -0.44 -- -- -0.06 -- -- -0.49 -- -- -402.4 ن2
 E 1.89 1.73 1.81 0.81 1.37 1.09 1.45 1.09 1.27 1458 787.6 1122.8 ن2

H2
b% 36.32 38.22 37.24 20.25 27.61 24.71 85.61 85.13 82.01 24.99 32.46 29.35 

h2
n% 25.37 32.95 29.45 2.84 13.77 6.55 0.00 0.00 0.00 15.56 21.52 15.20 

 

Table 6: Cont. 

Genetic parameters 
and heritability 

D.W./P.g No.1stF.F.N. D.1stF.F. D.1stM.F. 

Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. 
 A 95.7 108.4 108.0 0.0014 0.0014 0.0004 7.02 9.04 7.92 1.04 1.92 1.58 ن2
 D 3.26 24.9 7.68 0.0028 0.0028 0.0031 0.07 0.27 0.35 0.15 0.52 0.12 ن2
 r 219.1 164.5 194.1 0.0005 0.0002 0.0006 1.22 1.76 1.74 0.38 0.29 0.37 ن2

 A × Y -- -- 3.16 -- -- 0.0002 -- -- 0.058 -- -- 0.05 ن2
 D × Y -- -- 2.98 -- -- -0.0003 -- -- -0.246 -- -- 0.06 ن2
 r × Y -- -- -2.32 -- -- -0.0003 -- -- -0.25 -- -- -0.04 ن2

 E 10.37 12.15 11.26 0.0006 0.0007 0.0006 0.59 0.62 0.60 0.56 0.71 0.63 ن2

h2
b% 30.13 43.01 35.36 79.25 82.35 71.43 79.66 79.64 77.52 55.87 70.93 60.50 

h2
n% 29.14 34.97 33.01 26.42 27.45 8.16 78.88 77.33 74.24 48.83 55.81 56.23 

Note: Negative values were considered equal to zero during the calculation of heritability in broad and narrow senses. 
 

Table 7: General combining ability effects (gi) of the four parents for vegetative and 
earliness traits from each year and from the combined data. 

Parents 
V.L.cm No.L./P. L.A.cm2 F.W./P.g 

Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. 

P1 8.61** 8.83** 8.72** 1.21** 1.74** 1.48** 0.76* 0.75* 0.76* 95.4** 111.7** 103.5** 

P2 -1.48** -1.05* -1.27** 1.13** 0.79* 0.96** 1.67** 1.96** 1.81** -59.6** -60.0** -59.8** 

P3 -3.84** -4.22** -4.03** -0.41 -0.78* -0.60 0.80* 0.07 0.43 -30.4* -37.5** -34.0** 

P4 -3.30** -3.55** -3.43** -1.93** -1.75** -1.84** -3.23** -2.78** -3.00** -5.42 -14.2 -9.79 

L.S.D. 0.05 0.87 0.83 0.83 0.57 0.74 0.64 0.76 0.66 0.70 24.2 17.8 20.7 

L.S.D. 0.01 1.19 1.13 1.11 0.77 1.00 0.86 1.03 0.90 0.92 32.9 24.1 27.7 

 

Table 7: Cont. 

Parents 
D.W./P.g No.1stF.F.N. D.1stF.F. D.1stM.F. 

Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. 

P1 10.2** 12.5** 11.3** -0.002 -0.006 -0.004 -0.083 -0.533* -0.308 0.396 0.921** 0.658** 

P2 -4.13** -4.71** -4.42** -0.058** -0.038** -0.048** -2.075** -2.108** -2.092** -0.971** -1.687** -1.329** 

P3 -4.88** -4.79** -4.83** 0.056** 0.031** 0.044** 2.533** 3.084** 2.808** 0.788** 0.704* 0.746** 

P4 -1.21 -2.96* -2.08* 0.005 0.013 0.009 -0.375 -0.442 -0.408 -0.213 -0.062 -0.075 

L.S.D. 0.05 2.04 2.21 2.07 0.015 0.016 0.015 0.49 0.50 0.48 0.47 0.53 0.49 

L.S.D. 0.01 2.77 2.99 2.77 0.021 0.022 0.021 0.66 0.67 0.64 0.64 0.72 0.65 

*,** Significant and highly significant at 0.05 and 0.01  probability levels, respectively. 

The degree of association among different traits of squash is of great 
importance. The coefficient of genotypic correlation provides a measure of 
the genotypic association between pairs of traits to identify the traits which  
could be used as indicator for improvement of other traits through the 
selection programs. 
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Table 8: Specific combining ability effects(sij) of the 12 hybrids for vegetative 
and earliness traits from the two years and their combined data. 

Hybrids 
V.L.cm No.L./P. L.A.cm2 F.W./P.g 

Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. 

P1 × P2 
-2.90** -2.42** -2.66** -1.54** -1.34* -1.43** -1.16* -0.70 -0.93 -45.5* -33.2* -39.3** 

P1 × P3 
3.47** 2.20** 2.90** 1.10** 0.90 1.00* 3.61** 3.10** 3.37** 60.0** 52.9** 56.4** 

P1 × P4 
-0.60 -0.21 -0.41 0.40 0.44 0.42 -2.40** -2.30** -2.35** -14.4 -19.0 -16.7 

P2 × P3 
-0.61 0.20 -0.20 0.39 0.42 0.40 -2.41** -2.34** -2.38** -14.7 -19.2 -16.9 

P2 × P4 
3.51** 2.23** 2.86** 1.14** 0.95 1.02* 3.57** 3.08** 3.33** 60.3** 52.2** 56.2** 

P3 × P4 
-2.87** -2.40** -2.63** -1.51** -1.36* -1.44** -1.15* -0.74 -0.95 -45.6* -33.3* -39.5** 

P2 × P1 
3.12** 3.58** 3.35** 1.47* 1.58 1.53* -0.72 0.07 -0.33 -15.0 23.3 4.17 

P3 × P1 
22.4** 22.2** 22.3** 7.58** 5.68** 6.63** 0.33 -0.47 -0.07 133** 128** 131** 

P4 × P1 
12.8** 12.2** 12.5** 4.28** 4.05** 4.17** -2.53** -2.60** -2.57** 117** 107** 112** 

P3 × P2 
-4.32** -5.33** -4.83** -3.58** -3.27** -3.43** -2.23* -2.12** -2.18** -60.0* -61.7** -60.8* 

P4 × P2 
0.92 -0.30 0.31 0.95 -0.40 0.28 0.25 -0.03 0.11 56.7* 53.3* 55. 0* 

P4 × P3 
2.08* 3.63** 2.86** -0.07 0.35 0.14 -1.68 -1.02 -1.35 0.00 10.0 5.00 

L.S.D.(sij) 0.05 
1.23 1.17 1.17 0.81 1.05 0.91 1.08 0.93 0.98 34.2 25.1 29.3 

L.S.D.(sij) 0.01 
1.67 1.59 1.57 1.00 1.42 1.22 1.46 1.27 1.32 46.4 34.1 39.1 

L.S.D.(rij) 0.05 
2.01 1.92 1.92 1.32 1.71 1.49 1.76 1.53 1.61 55.9 41.1 47.9 

L.S.D.(rij) 0.01 
2.73 2.61 2.56 1.79 2.33 1.99 2.39 2.07 2.15 75.9 55.8 64.0 

 

Table 8: Cont. 

Hybrids 

D.W./P.g No.1stF.F.N. D.1stF.F. D.1stM.F. 

Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. 

P1 × P2 
-0.83 -2.94 -1.89 0.003 0.001 0.002 0.164 0.408 0.286 0.180 -0.390 -0.105 

P1 × P3 
1.11 4.47** 2.75 -0.041** -0.043** -0.042** 0.220 0.200 0.210 -0.289 -0.375 -0.332 

P1 × P4 
-0.29 -1.50 -0.90 0.035** 0.040** 0.037** -0.386 -0.608 -0.497 0.110 0.760* 0.434 

P2 × P3 
-0.25 -1.53 -0.89 0.038** 0.039** 0.039** -0.380 -0.610 -0.494 0.109 0.764* 0.436 

P2 × P4 
1.08 4.50** 2.70 -0.049** -0.045** -0.047** 0.224 0.204 0.214 -0.295 -0.375 -0.335 

P3 × P4 
-0.81 -2.92 -1.87 0.003 0.001 0.002 0.160 0.412 0.285 -0.183 -0.386 -0.285 

P2 × P1 
-2.33 -3.50 -2.92 -0.002 0.00 -0.001 0.00 -0.367 -0.183 -0.20 0.184 -0.008 

P3 × P1 
30.2** 26.5** 28.3** -0.037* -0.035 -0.036* -1.30* -1.42* -1.36* -0.85 -1.52* -1.18* 

P4 × P1 
18.8** 15.3** 17.1** 0.007 0.008 0.007 -0.384 -0.177 -0.25 0.517 -0.850 -0.167 

P3 × P2 
-4.80* -6.30* -5.58* 0.025 0.005 0.015 -1.90** -2.00** -1.95** -0.840 -0.717 -0.782 

P4 × P2 
6.50** 5.80* 6.17* -0.045* -0.042* -0.044* 1.80** 2.42** 2.11** 1.48* 0.534 1.01 

P4 × P3 
-3.17 0.00 -1.58 -0.027 -0.008 -0.018 -0.617 -0.65 -0.633 0.017 -0.084 -0.033 

L.S.D.(sij) 0.05 
2.88 3.12 2.93 0.022 0.024 0.021 0.69 0.69 0.68 0.67 0.75 0.69 

L.S.D.(sij) 0.01 
3.91 4.24 3.92 0.031 0.032 0.031 0.93 0.94 0.90 0.91 1.02 0.93 

L.S.D.(rij) 0.05 
4.71 5.10 4.79 0.036 0.039 0.035 1.12 1.15 1.11 1.09 1.23 1.13 

L.S.D.(rij) 0.01 
6.30 6.65 6.41 0.049 0.053 0.047 1.53 1.56 1.48 1.49 1.67 1.52 

*,** Significant and highly significant at 0.05 and 0.01  probability levels, respectively . 
 

The covariance analysis between pairs of all studied traits were made 
from the combined data over both years. Subsequently, genotypic (rg) and 
phenotypic (rph) correlations were determined and the results are presented in 
Table 9. The results showed positive highly significant genotypic (rg) and 
phenotypic (rph) correlations between V.L.cm and No.L./P., F.W./P.g and 
D.W./P.g. The coefficients were 0.93, 0.96 and 0.96 for genotypic correlation 
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and 0.89, 0.93 and 0.91 for phenotypic correlation, respectively. At the same 
time, No.L./P. trait showed highly significant positive genotypic and 
phenotypic correlations with L.A.cm2, F.W./P.g and D.W./P.g the  coefficients 
were  0.68, 0.91 and 0.90 for genotypic correlation and 0.66, 0.87 and 0.86 
for phenotypic correlation, respectively. On the other hand, L.A.cm2 showed 
highly significant and positively genotypic correlation with F.W./P.g and 
D.W./P.g. The coefficients were 0.63 and 0.62, respectively. While, the same 
trait showed highly significant positive phenotypic correlation with F.W./P.g 
and the coefficient was 0.64. F.W./P.g showed highly significant positive 
genotypic and phenotypic correlations with D.W./P.g. The values  coefficients 
were  0.99 for genotypic correlation and 0.96 for phenotypic correlation, 
respectively. Also, No.1stF.F.N showed highly significant positive genotypic 
correlation with D.1stF.F. and D.1stM.F. the coefficients were 0.63 and 0.62, 
respectively. D.1stF.F. showed highly significant positive genotypic correlation 
with D.1stM.F. the coefficient was 0.95.  

In general, most pairs of studied traits exhibited negative genotypic and 
phenotypic correlation coefficients. However, the same pairs of traits showed 
significant positive genotypic and phenotypic correlation among them. These 
results indicated that the selection of one trait would improve the other 
correlated trait. 

 

 

Table 9: Genotypic (above diagonal) and phenotypic (below diagonal) 
correlation for all pairs of vegetative and earliness traits. 

Traits V.L.cm No.L./P. L.A.cm2 F.W./P.g D.W./P.g No.1stF.F.N. D.1stF.F. D.1stM.F. 
V.L.cm  0.93** 0.59* 0.96** 0.96** -0.41 -0.51* -0.57* 
No.L./P. 0.89**  0.68** 0.91** 0.90** -0.56* -0.57* -0.66** 
L.A.cm2 0.60* 0.66**  0.63** 0.62** -0.65** -0.70** -0.84** 
F.W./P.g 0.93** 0.87** 0.64**  0.99** -0.44 -0.54* -0.60* 
D.W./P.g 0.91** 0.86** 0.61* 0.96**  -0.43 -0.55* -0.60* 
No.1stF.F.N. -0.35 -0.43 -0.55* -0.36 -0.34  0.63** 0.62** 
D.1stF.F. -0.45 -0.46 -0.61* -0.46 -0.47 0.51*  0.95** 
D.1stM.F. -0.42 -0.46 -0.57* -0.43 -0.41 0.43 0.56*  
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مظهررق ةررله ينهوررقن لين قلوررلي ينلقيتقرر  ينمقبعضرر  عهررل نررعة  ين رر لي ين  ررقق  
 لينبعكقق في ةقع ينكلو 

 محمد ععد ينحمقد علعدقن ل أشــقف حوــقن ععد ينهلدي، على ملهق ينةدل، محمد وةد حملده
 ةوم ينلقيت  ـ كلق  ينزقيع  ـ ولمة  ينمن لقه ـ م ق.

 
قوة الهجين قياسا منن متوسنا ااءنا  و ل انب ااءنا ي واءيلنة  لنب تهدف هذه الدراسة إلى تقدير قيم 

 الصننتا  ءلضلنن وملامننب اترتءنناا الننورامل والم هننر  الجننيني وملامننب التورينند  ننل مننداه الواسنن  والانني  
  ل قرع الكوسة. الخارية و التءكير

 (يلأب الأوبا Eskandrani(لصناف من قرع الكوسنة كبءنا  وهنى  لرء  ل هذه الدراسة تم استخدام 

)Zucchino mezza lung bianco يالأب المانل) White Bush Scallop (يالأب المالد) Zucchino nano verde 

di Milano  (ا)لأب الراء . 
 ننل الموسننم  ختلا ننا  لجمينن  الصننتا  مرننب الدراسننة.تمننن التءاينننا  وا اواسننل ال هننر  ااءننا  منند

المسننتخدمة كبءننا  ءجننرا  كننب التهجينننا  الممكنننة )الهجننن  ءلننةالأرتننم ارا ننة ءننذور الأصننناف  2002الصننيتل 
 ملينة إخصناب ذاتنل لاصنناف المسنتخدمة كبءنا .  ين كما لجر ءن ام التهجين الدور  الكامب والهجن اللكسية(

 لالدراسننة تننم تقييمهننا  ننل تجرءننة رقليننة  ننل موسننم هننذه ننل مننن السنننة السنناءقة ناتجننة جمينن  التراكيننب الوراميننة ال
 ل تجرءة قاا ا  كاملة اللشوائية منن منلاد مكنررا  ء نرض تقينيم جمين  التراكينب  2004و 2000 الصيف

. وقند تنم إجنرا  هنذه التجرءنة  نل المار نة الءرمينة ءنالءرامون مرانة ءرنود الءسناتين   ليها الورامية المترصب
  .ءالمنصورة

  يما يلل  صب  ليهاالمتر وءلد إجرا  الترليلا  اءرصائية المناسءة يمكن تلخيص النتائج
 منن الءياننا  المجملنة لكنلا السننتين تركينب ورامنل( 61لشار  اختءارا  الملنوية لجمين  التراكينب الورامينة ) 

 إلنى وجنود اختلا ننا   الينة الملنويننة ءنين التراكيننب الورامينة مرنب الدراسننة لجمين  الصننتا  الخانرية وصننتا 
ي ريند لن هنذه التراكينب الورامينة المسنتخدمة  نل هنذه الدراسنة وهذه النتائج من المتوق  الرصنوب  ليهناالتءكير 

 تختلف وتتءاين من ريد صتا  ااءا  المختارة للءد   ل هذا اللمب.
ل هر  النتائج وجود اختلا ا  كءيرة ءين هجن الجيب الأوب والأوب اللكسل م   دم تميا هجنين ملنين          

تراكيب الورامية للجيب الأوب الهجين تميا   نن ااءنا  الداخلنة  نل ءذاته لكب الصتا  المدروسةي ولكن مل م ال
القنيم المرسنوءة لقنوة الهجنين مقارننة  تكوينهاي ولذا  إن الهجن قد  اق  ااءا   نل مل نم الصنتا  مرنب الدراسنة.

نءنا  النوان ال نض للءمتوسا ااءا  تؤكد وجود قيم ملنوية لقوة الهجين لجمي  الصتا  مرب الدراسة  دا صتة 
القيم المرسوءة لقوة الهجين مقارنة ءأ انب ااءنا  لوانر  وجنود قنيم  الينة الملنوينة لمل نم الصنتا  ءالجرام. 

 مرب الدراسة.
( والقندرة الخاصنة  لنى التنبلف GCAل هر  النتائج تلا م قيم كب من القندرة اللامنة  لنى التنبلف ) 

(SCAولواننر  النتننائج لهميننة القنندرة اللامننة  لننى التننبل .)لجيننب الأوب لدراسننتها   ف لجمينن  الصننتا  التننل تمنن
كمنا تؤكند النتنائج لن التلنب  الهجيني ءينما كان  قيمة تأمير التهجنين اللكسنل ملنوينة لمل نم الصنتا  المدروسنة.

كان  قيمنة التءناين النورامل الراجن  والجينى المايف وغير المايف للءا الدور الأكءر  ل توريد هذه الصتا  
سة والذ  يشمب  لى تءاين السنيادة ودرمالصتا  ال مل ممن قيمة التءاين الورامل غير اءاا ل ل  للللإاا ة ل

الأخير يرتوى امنيا  لى جا  منن التءناين النورامل والنذ  يلناى إلنى التتنون كمنا لننه ت يمكنن تجاهنب تنأمير و
لجمين  منداه الواسن  والاني  وكنذل  تنم تقندير ملامنب التوريند  نل  يالتهجين اللكسنل )اللوامنب السنيتوءلاامية(

لجمين  الصنتا  وقيم ملامب التوريد  نل منداه الواسن  كانن  ل لنل مننه  نل منداه الاني   الصتا  مرب الدراسة
 .مرب الدراسة

وجنود ارتءناا ملننو  ءنين مل نم لاواف الصنتا  التنل درسن   قند كانن  صنتة  كما ل هر  النتنائج
ا   نندد الأوران  لننى النءننا  والمسننارة الورقيننة والننوان اننوب السننان مرتءاننة ارتءااننا ملنويننا موجءننا منن  صننت

ال نض والننوان الجنناف وارتءان  صننتة لوب  قنندة ترمننب اهنرة مؤنمننة منن  صننتتل  ندد الأيننام رتننى  هننور لوب 
اهننرة مننذكرة ولوب اهننرة مؤنمننة ي وءالتننالل  اتنتخنناب إلننى ل  مننن هننذه الصننتا  يننؤدى إلننى ترسننين الصننتا  

 الأخرى المرتءاة ءها.
تائج الساءقة يمكن لمرءى النءا  لن يستخدم هذه الممياا  لتصميم ءرنامج ترءينة مناسنب منن ومن الن

 لجب إنتاف لصناف مرسنة  ل الأجياب اتنلاالية المتقدمة للهجن المتتوقة.


