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Manifestation of Heterosis and The Role of The Genetic Parameters 

Associated with It for Some Vegetative Traits in Squash (Cucurbita pepo, L.) 
A. H. Abd EI-Hadi; El-Adl. A. M.; 1 Horeya M. Fathy and M. A. Abdein2 

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 and 
heritability in both broad and narrow senses. Seven squash 
varieties -belong to the species (Cucurbita pepo, L.), were 
crossed to obtain 42 Fl!lr hybrids according to a complete 
diallel crosses mating design. 

The results revealed that the mean squares of 
genotypes which included seven parental varieties and 
their F1>Jr hybrids were highly significant for all vegetative 
traits. The results also cleared that the mean values showed 
that no specific parent was superior for all vegetative 
traits. 

The results indicated that the parents P1 and P, seemed 
to be the best combiner for vein length (V.L.cm); number 
of leaves per plant (No.L./P.); leaf area (L.A.cm2

); fresh 
weight t>er plant (F.W./P.g) and dry weight per plant 
(O.W.fP.g). Meanwhile, the GCA effects were found to be 
significant and positive for most vegetative traits. The 
parental varieties P3, P6 and P7 were tiJe best combiners for 
the ratio of chlorophyll in leaves (Chi.). 

The estimates of heterosis versus mid-parents showed 
highly significant values for all studied traits. The 
estimates of heterosis versus better parent showed highly 
significant values for most vegetative traits. The results 
showed the importance of general and specific combining 
abilities. GCA was larger than their corresponding 
estimates of SCA for vegetative traits. Reciprocal effects (r) 
were significant for most studied traits. Estimation of 
genetic parameters showed that the 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. 

Keywords: squash, hybrids, heterosis, combining 
abilities and heritability. 

INTRODUCTION 

Cucurbitaceae is one of the most important botanical 
families for human use as favorable vegetable crop. 
Thus, summer squash (Cucurbita pepo, L.) is considered 
to be one of the most popular vegetable crops grown in 
Egypt. It is known as a vegetable marrow and is called 
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also Kosa by the Egyptian. In Egypt, there are only two 
local cultivars of squash i.e. Balady, which is lately 
discarded for its prostrate growth habit and low yield 
and Eskandarani, which is high yielding and satisfies 
both the producer and consumer. 

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 other traits. Many investigators studied 
heterosis on vegetative traits among them; Abd El-Hadi 
(1995) studied six inbred lines and their 30 F 1 hybrids 
among them (including F1 reciprocal hybrids) in agoor. 
The recorded data showed the presence of highly 
significant values of heterosis versus the mid-parents. 
Similarly, Abd El-Maksoud et a/., (2003), in squash, 
showed that the average means of the means of F~o1r 
hybrids and the average over all hybrids F1 .~, exceeded 
their mid-parents for all studied traits except for sex 
ratio and days to frrst female flower, which were 
desirable for increasing female flowers and earliness, 
respectively. ln another study, Gabr (2003) estimated 
heterosis over mid-parents and the better parent. The 
results indicated the presence of highly significant 
heterosis values over mid-parents for all studied 
vegetative traits in squash. Abdein (2005) evaluated 12 
F 1 hybrids among four varieties of summer squash and 
estimated the performances of F 1 and F 1, hybrids for 
vegetative traits. In the same time, when the hybrids 
were compared with each other (F 1 as F 1r) the results 
showed the presence of significant differences for many 
vegetative traits. It is also cleared that some F 1 and F Jr 

hybrids exceeded the better parent for vegetative traits. 

Al-Ballat (2008) who worked on summer squash, 
found that heterosis over the mid-parents was highly 
significant with negative values for stem length. While, 
it was absent for number of leaves per plant. The results 
stated that heterosis based on the better parent was 
significant or highly significant with negative values for 
number of leaves per plant. Al-Araby, (20 1 0) estimated 
heterosis over the mid-parents and the results showed 
significant positive values for stem length; number of 
male flowers/plant; number of female flowers/plant and 
sex ratio. Heterosis over the better parent estimates 
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showed highly significant positive values for stem 
length. On the other hand, it was highly significant with 
negative values for number of leaves/plant. Jahan et a/., 
(2012) found both positive and negative heterosis for 
different qualitative and quantitative traits in F1 hybrids 
of sweet gourd. None of the hybrids exhibited maximum 
heterosis for all traits, but significant and desirable level 
of heterosis over mid-parents and better parent was 
obtained in se:-eral hybrids for the different traits. 

Concerning, GCA and SCA variances El-Diasty and 
Kash (1989) revealed that additive genetic variances 
were larger in magnitudes than non-additive genetic 
variances for most vegetative traits. Abd El-Hadi et al., 
(2004) showed that both GCA and SCA reveled highly 
significant values for all studied traits in the F 1 hybrids 
and F2 generations except for F.W.(g) in the F1 hybrids 
for GCA. In summer squash, Al·Araby, (2010) detected 
high heritability estimates in broad sense for all 
vegetative traits. High heritability estimates in narrow 
sense were only detected for number of leaves/plant. 
While, moderate estimates of heritability in narrow 
sense were obtained for the stem length. Radha et a/., 
(20 13) studied the nature and magnitude of gene effects 
for vegetative traits in bitter gourd using six generation 
mean analysis involving (P1, P2, Fh F2, BC1 and BCz). 
The results revealed the presence of additive, dominance 
gene effects and epistatic interactions for all the 
vegetative traits except for vine length in the cross IC-
4705SOxiC-470558 indicating the importance of both 
additive and non-additive gene actions in the expression 
of this traits. The greater magnitude of dominance gene 
effect as compare to additive effect for most of the traits 
suggested that heterosis breeding may be more useful. 
Recently, Sanin eta/., (2014) in butternut squash studied 
the predominance of additive gene action over the 
dominance type for the traits under study suggested that 
a recurrent selection program could serve as a strategy 
to increase the frequencies of genes that promote the 
expression of traits associated with seed production and 
starch content in butternut squash. 

MATERIALS AND METHODS 

The genetic materials used in the present 
investigation included seven squash varieties belong to 
the species (Cucurbita pepo, L.). These parental 
varieties were: Eskandarani (P1); Zucca Patisson custard 
white (P2); All Green Bush (P3); Courgette Orelia (P4); 

Sakiz (P5); Copi (P6) and Gapla (P7). The seeds of these 
parental varieties were obtained from different 
countries: (P 1) and (P 6) from Egypt; (P2) from France; 
(P3) from United Kingdom (U.K.); (P4) from Germany; 
(P5) from Turkey and (P,) from Syria. The seven 
varieties were chosen to represent a wide rang of 
variation in most studied traits. 

Plants from each parental variety were self­
pollinated for three successive generations to obtain 
inbred lines from each variety. In the summer season of 
2009, all single crosses including reciprocals were made 
among these seven varieties according to a complete 
diallel crosses mating design to produce 21 F 1 and 21 F 1r 
(reciprocal) hybrids. In addition, the seven parental 
varieties were also self-pollinated to obtain enough 
seeds from each variety. All 49 genotypes (seven 
parents, 21 F 1's and 21 F lr reciprocal hybrids) were 
evaluated in a field trial in the growing summer season 
of 2010 at Kaha Vegetables Research Station, Kaha, 
Kalubia, Egypt. The crosses yielded 21 F 1 hybrids (F 1) 

and 21 F 1 reciprocal hybrids (F 1r) as shown in Table 1. 

The experimental design was the Randomized 
Complete Blocks Design . (RCBD) with three 
replications. Data were recorded for the following 
vegetative 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) 
and the ratio of chlorophyll in leaves (Chl.). 

Differences among genotypic means for all 
vegetative studied traits were tested for significance 
according to F-test. The form of analysis ofvariance 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 F 1 hybrids 
(F 1), F 1 reciprocal hybrids (F lr) and all F J.lr hybrids 
from the average of all parents (mid-parents) or the 
better parent. 

In this investigation all crosses of the mating design 
were used to estimate general combining ability (GCA) 
and specific combining ability (SCA). In addition, the 
genetic variances of reciprocal effects (r) could be also 
obtained. The procedures of this analysis were described 
by Griffmg (1956) method I. The estimates of GCA 
variance (o2g) and SCA variance (o2s) could be 
expressed in terms of genetic variances according to 
Matzingar & Kempthome (1956) and Cockerham 
(1963). 

RESULTS AND DISCUSSIONS 

Squash varieties possess a wide range of variation 
for vegetative traits. Vegetable breeders usually use this 
variability as a tool to improve squash varieties through 
selection programs or to produce F 1 hybrids to make use 
of hybrid vigor phenomena and to obtain highest 
yielding hybrids. 

1. Analysis of variance:-

The present work was planned to evaluate seven 
parental varieties, 21 F 1 and their 21 F lr (reciprocal) 
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hybrids. Therefore, an analysis of variance was made for 
all genetic materials under study and the obtained results 
for vegetative traits are presented in Table 2. 

These traits included sex traits. They were: 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) and the ratio of 
chlorophyll in leaves (Chl.). 

Table 1. The produced hybrids and their symbols 
Ft h brids 

No. Symbol Female Male 

P1 x Pz Eskandarani Zucca Patisson custard white 
2' PI X p3 Eskandarani All Green Bush 
.... PI X p4 Eskandarani Courgette Orelia j 

4 PIx Ps Eskandarani Sakiz 
5 PI X p6 Eskandarani Copi 
6 PI X P, Eskandarani Gapla 
7 Pz x p3 Zucca Patisson custard white All Green Bush 
8 Pz x p4 Zucca Patisson custard white Courgette Orelia 
9 Pz x Ps Zucca Patisson custard white Sakiz 
10 Pz x p6 Zucca Patisson custard white Copi 
11 P2 x P7 Zucca Patisson custard white Gap1a 
12 p3 X p4 All Green Bush Courgette Orelia 
13 P3 x Ps All Green Bush Sakiz 
14 p3 X p6 All Green Bush Copi 
15 p3 X p7 All Green Bush Gapla 
16 p4 x Ps Courgette Orelia Sakiz 
17 P4 X p6 Courgette Orelia Co pi 
18 p4 X P, Courgette Orelia Gapla 
19 Ps x P6 Sakiz Copi 
20 Ps x P7 Sakiz Gap1a 
21 p6 X P, Co pi Gapla 

F lr reciprocal hybrids 
22 Pzx PI Zucca Patisson custard white Eskandarani 
23 P3x P1 All Green Bush Eskandarani 
24 p3x Pz All Green Bush Zucca Patisson custard white 
25 p4 X PI Courgette Orelia Eskandarani 
26 P4 x Pz Courgette Orelia Zucca Patisson custard white 
27 p4 X p3 Courgette Orelia All Green Bush 
28 Ps x P1 Sakiz Eskandarani 
29 Ps x Pz Sakiz Zucca Patisson custard white 
30 Ps x P3 Sakiz All Green Bush 
31 Ps x p4 Sakiz Courgette Orelia 
32 P6x P1 Co pi Eskandarani 
33 P6x P2 Co pi Zucca Patisson custard white 
34 P6x P3 Copi All Green Bush 
35 P6x P4 Copi Courgette Orelia 
36 p6x Ps Co pi Sakiz 
37 P, X PI Gapla Eskandarani 
38 P, x Pz Gapla Zucca Patisson custard white 
39 P, X p3 Gapla All Green Bush 
40 P, X p4 Gapla Courgette Orelia 
41 P7 x Ps Gapla Sakiz 
42 P, X p6 Gapla Co pi 
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Table 2. Analysis of variance and expectati()n of mean squares for vegetative traits 
Vegetative traits 

s.v. d.f. V.L.cm No.L./P. L.A.cm2 F.W./P.g D.W./P.g Chi. 
Reps. 2 5.383 34.040** 113.570 436.738 * 59.432 0.640 

Genotypes 48 788.932** 29.750** 35723.885** 17020.315** 1462.400** 61.439** 
Error 96 2.777 1.404 132.955 94.233 44.969 1.550 

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

The results indicated that tests of significance 
revealed that the mean squares of the genotypes showed 
highly significance for all vegetative studied traits. The 
significance of mean squares of genotypes suggested 
that the presence of large variations among these 
genotypes and the planned comparisons for the 
understanding the nature of variation and the 
detennination of heterosis for all vegetative traits are 
valid. 

Similar results were obtained by Gabr (2003); Abd 
El-Hadi eta!., (2004); Abdein (2005); Al-Ballat (2008); 
Al-Araby (2010) and Jahan et al., (2012). 

2. The mean performance of all genotypes: 

The mean perfonnance of all genotypes should be 
studied. The means of the seven parental varieties; 21 F 1 
and their 21 F tr (reciprocal) hybrids were detennined for 
the previous traits and the results are presented in Tables 
3, 4 and 5. The means showed that there were no 
specific parent, which was superior for all the vegetative 
traits. It also cleared that the parental variety P6 was the 
highest parent for V.L.cm; No.L./P.; L.A.cm2; F.W./P.g 
and D.W./P.g. While, the highest parent for Chl. was P3• 

On the other hand, the parental variety P2 was the lowest 
parent for all vegetative traits. The differences between 
the means of the lowest and the highest parent were 
highly significant indicating the presence of genetic 
differences between these seven parental varieties. 

The F 1 hybrids between the seven parental varieties 
were obtained in addition to their F lr (reciprocal) 
hybrids. The results showed no significant differences 
between the means of the F1 hybrids and their F1, 
(reciprocal) hybrids for the most vegetative traits. The 
results indicated that the highest F1 for the V.L.cm was 
the hybrid P 1 x P6 with the mean of 114.77cm. Whereas; 
the highest F lr (reciprocal) hybrid was P 6 x P 1 with the 
mean of 120.47cm for the same trait. On the other hand, 
F 1 hybrid P2 x P7 was the lowest with the mean of 
78.93cm for the same trait. While Ps x P2 F1, 
(reciprocal) hybrid was the lowest with the mean of 
70.97cm for the same trait. 

It could be regarded that the means of the 21 F 1 
hybrids ranged from 78.93 to 114.77cm; 26.07 to 37.87; 
296.2 to 664.9cm2; 521.2 to 746.lg; 92.3 to l48.9g and 
35.07 to 46.13 for V.L.cm; No.L./P.; L.A.cm2

; 

F.W./P.g; D.W./P.g and Chl., respectively. On the other 
hand, F1r (reciprocal) hybrids ranged from 70.97 to 
120.47cm; 26.93 to 36.13; 315.1 to 614.2cm2

; 729.8 to 
580.8g; 93.7 to 146.2g and 34.77 to 48.07 for the same 
traits, respectively. 

When the F 1 hybrids were compared with the F 1, 
hybrids the results showed the presence of significant 
differences for many traits. It is also cleared that some 
F 1 and F lr (reciprocal) hybrids exceeded the better parent 
for many traits. Therefore, it would be expected the 
presence of heterosis values from the mid-parents and 
the better parent. 

Table 3. The mean performances of the seven parental varieties for vegetative traits 
No. Parental Vegetative traits 

varieties V.L.cm No.L./P. L.A.cm2 F.W./P.g D.W.IP.g Chi. 
1 p1 67.07 28.17 401.1 655.9 127.4 31.63 
2 p2 40.17 L 22.33 L 207.8 L 413.1 L 60.2[ 26.73 L 

3 p3 57.53 25.63 278.3 579.6 90.7 35.53 H 

4 p4 55.33 25.17 232.9 455.8 74.2 34.57 
5 Ps 63.87 26.77 357.1 563.9 91.2 30.93 
6 p6 79.33 H 30.67H 551.8 H 693.2 H 131.4H 33.17 
7 p7 59.17 26.23 384.9 523.9 75.1 33.87 

L.S.D.oos 2.69 1.91 18.64 15.69 10.84 2.01 

L.S.D.o.o1 3.56 2.53 24.66 20.76 14.34 2.66 
H= The highest value. L= The lowest value. 
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Table 4. The mean ~erformances of the 21 F 1 h~brids for vegetative traits 
No. F1 hybrids Veretative traits 

V.L.cm No.L./P. L.A.cm F.W.IP.g D.W.IP.g Chi. 
1 P1 x P2 101.77 35.13 429.2 676.1 134.1 39.67 
2 P, X p3 90.73 30.13 403.6 683.7 132.9 42.53 
3 P, X p4 93.33 30.73 408.2 686.9 132.1 37.53 
4 Pt x Ps 96.33 32.93 545.8 681.5 136.1 41.13 
5 Pt X p6 114.77 R 37.87 R 664.9 11 735.8 146.4 38.37 
6 Pt X p7 98.03 29.33 466.5 666.2 135.3 38.47 
7 Pz x P3 82.83 27.73 327.9 614.8 126.4 36.63 
8 Pz x p4 80.47 26.071: 323.2 521.2 r:: 94.5 35.07r:: 
9 Pz x Ps 85.37 28.73 386.3 566.7 99.3 36.37 
10 Pz x p6 92.73 30.87 642.8 708.8 134.3 36.83 
11 Pz x p7 78.93 r: 27.83 394.9 544.2 94.4 35.83 
12 p3 X p4 94.83 29.93 296.2[ 615.9 109.2 42.37 
13 P3 x P5 88.23 28.13 565.8 586.9 94.1 38.83 
14 p3 X p6 95.77 33.23 594.9 723.5 135.1 38.93 
15 p3 X p7 94.63 30.93 390.5 613.7 112.8 40.07 
16 P4 x Ps 87.63 29.07 366.2 565.6 98.8 39.47 
17 p4 X p6 87.87 31.07 561.2 703.7 133.1 36.53 
18 p4 X p7 84.07 28.77 425.9 564.6 92.3 r: 38.33 
19 Ps x P6 97.67 31.83 556.3 734.1 142.9 45.73 
20 Ps x p7 91.43 30.37 425.1 596.2 98.9 41.43 
21 p6 X P1 100.83 34.83 558.4 746.1 R 148.9 R 46.13 R 

L.S.D.o.os 2.69 1.91 18.64 15.69 10.84 2.01 

L.S.D.oot 3.56 2.53 24.66 20.76 14.34 2.66 
H= The highest value. L= The lowest value. 

Table 5. The mean ~erformances ofF Ir h~brids for vegetative traits 
·.( No. Ftrhybrids Vegetative traits 
( 

' 
V.L.cm No.L./P. L.A.cmz F.W./P.g D.W./P.g Chi. 

l 22 Pz x PI 74.37 28.83 564.9 670.9 132.2 37.33 

~ 23 P3x P1 86.87 29.13 418.3 667.5 136.8 41.63 
~ 

~-"' ... 24 PJx Pz 71.93 27.23 393.9 617.8 102.4 40.77 
25 p4 X PI 85.77 29.43 443.8 684.9 144.1 38.63 
26 P4 x Pz 75.13 27.87 315.1 [ 580.8 [ 94.3 34.77[ 
27 p4 X p3 90.63 31.13 337.6 616.7 117.9 41.77 
28 Ps x P1 81.47 28.33 481.8 673.8 138.2 37.93 
29 Ps x Pz 70.97[ 26.93 [ 463.2 605.8 113.1 40.33 

1. 30 's x P3 93.53 29.23 357.8 603.3 111.3 43.13 
'!' 31 Ps x p4 88.07 29.77 388.2 615.4 114.3 39.17 

.... 32 plix PI 120.47!'1 36.13 !'I 614.2 !'I 725.3 137.9 44.43 
33 P6x Pz 119.97 35.17 560.8 719.7 134.8 47.93 

~ 
34 P6x P3 110.13 34.37 562.4 729.8H 143.3 45.43 
35 P6x P4 105.73 31.77 558.1 724.9 136.3 36.93 ., 
36 p6x Ps 112.87 35.23 585.9 715.6 141.5 38.77 
37 p7 X Pt 89.07 31.17 482.6 659.1 131.7 46.73 
38 P1 x Pz 80.07 28.23 396.3 573.3 93.7[ 37.67 
39 p7 X PJ 83.93 28.93 390.9 631.1 108.5 47.57 
40 P1 X P4 91.87 30.07 387.3 606.7 110.8 48.07 II 
41 P1 x Ps 91.77 32.13 424.9 585.1 112.3 38.13 
42 p7 X p6 97.57 34.87 573.5 719.2 146.2 H 41.73 

L.S.D.QQ~ 2.69 1.91 18.64 15.69 10.84 2.01 
L.S.D. 3.56 2.53 24.66 20.76 14.34 2.66 

H= The highest value. L= The lowest value. 
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3. Heterosis:-

An important goal of most vegetable breeding 
programs is directed to increase the yielding capacity of 
the crops. This goal is achieved either by improving the 
characteristics of the vegetable crop through selection 
programs or through hybridization to produce superior 
Ft hybrids. 

In order to .study heterosis as a phenomena in squash, 
the averages of all hybrids were compared with the 
averages of all hybrids versus the mid-parents (HM.P.%) 
for all traits. This type of comparison would eliminate 
bias for certain specific hybrid with respect to its better 
parent (Hs.P %). The significance of heterosis was 
obtained for each comparison by comparing the 
differences against the least significant differences 
(L.S.D.) values. 

3.1. Heterosis versus the mid-parents <HM.P.%):-

Heterosis values from the mid-parents (HM.P.%) were 
estimated for all hybrids and the results are presented in 
Tables 6 and 7. 

The results cleared that the average means of the 21 
F 1 hybrids and their 21 F lr (reciprocal) hybrids 
significantly exceeded their mid-parents for all traits. 

Data presented in Tables 6 and 7 gave the heterosis 
percentage of the 42 F1•1r hybrids relative to their mid­
parents. All the 21 F 1 hybrids showed highly significant 
and positive (desirable) values for V.L.cm; No.L./P.; 
L.A.cm2

; F.W./P.g and Chl. While, for D.W./P.g 20 F1 

hybrids out of the 21 F 1 hybrids showed highly 
significant and positive (desirable) values. 

The results revealed that heterotic effect of F 1 

hybrids ranged from 30.50 to 89.75% for V.L.cm; 7.31 
to 39.05% for No.L./P.; 14.58 to 78.11% for L.A.cm2

; 

2.65 to 28.14% for F.W./P.g ; 3.50 to 67.57% for 
D.W.IP.g and 7.87 to 42.69 for Chl. While, the heterotic 
effect of F lr (reciprocal) hybrids ranged from 23.49 to 
100.61%; 3.03 to 32.62%; 12.64 to 85.57%; 5.52 to 
33.68%; 5.05 to 49.52% and 9.06 to 60.04 for V.L.cm; 
No.L./P.; L.A.cm2

; F.W./P.g; D.W./P.g and Chl., 
respectively. All the 21 F lr hybrids showed highly 
significant and positive (desirable) values for V.L.cm; 
L.A.cm2

; F.W./P.g and Chi., but, 20 F1, hybrids showed 
the same results for No.L./P. and D.W./P.g. 

Table 6. Heterosis versus the mid-parents of the 21 F 1 hybrids for vegetative traits 
F1 Vegetative traits 

hybrids V.L.cm No.L./P. L.A.cm2 F.W./P.g D.W./P.g Chi. No. 
PI X p2 89.75** H 39.05** H 40.99** 26.49** 43.05** 35.92** 

2 PI X p3 45.64"'* 11.95** 18.83** 10.68** 21.78** 26.65** 
3 Pt X p4 52.45** 14.98** 28.77** 23.57** 31.05** 13.39** 
4 P1 x Ps 47.06** 19.64** 43.98** 11.75** 24.59"'"' 31.49""" 
5 PI X p6 56.79"'* 28.58*"' 39.55*"' 9.09** 13.19*"' 18.42*"' 
6 PI X p7 48.67** 7.78** 18.69** 12.93** 33.66** 17.46** 

P2 xP3 69.51""" 15.64"'"' 34.91""" 23.87*"' 67.57"'"'H 17.67"'* 7 
8 P2 x P4 68.46** 9.68** 46.65** 19.98** 40.58** 14.41 ** 
9 P2 xPs 64.01*"' 16.82*"' 36.78"'"' 16.02"'"' 31.28"'"' 26.13*"' 
10 P2 x P6 55.16"'"' 15.90** 69.24*"' 28.14** H 40.20** 22.98** 
11 P2 X P1 59.21** 14,34** 33,26** 16.15** 39.59** 18.26** 

P3 X P4 67.99"'* 17.77"'* 15.89"'* 18.97"'"' 32.43"'* 12 20.87** 
13 P3 x P5 45.32** 7.31"'*L 78.11*"'H 2.65"'*L 3.50L 16.85"'"' 
14 P3 X P6 39.84** 17.99** 43,33** }3.89** 21.69** 13.34** 
15 P3 X P1 62.13** 19.15""" 17.76** 11.23""" 35.97""" 15.47** 
16 P4 x Ps 46.94** 11.79"'"' 24.14"'* 10.94"'* 19.43** 20.51*"' 
17 P4 xP6 30.50*"'L 11.15** 43.03** 22.50*"' 29.51** 7.87**L 
18 P4 X P1 46.84** 11.86"'"' 37.86*"' 15.27""" 23.54*"' 12.03*"' 
19 Ps x P6 36.37*"' 10.72** 22.41"'* 16.80** 28.40*"' 42.69** H 
20 P, X p7 48.54** 14.52** 14.58** L 9.62** 18.90** 27.88** 

_...:2:...:1--=~~P..26_x...:P:...;7 __ ___:4=::5:.;:.6::::1 ~** __ ...:2:.:2~.3~7:.;-"'-"'--....::..::19:-::.2~3:-:*~*----2=2~.6~1~*:-"'--...:4~4~.2:=:5:-"'"'---=3 7.64 "'* 
L.S.D.0.05 2.03 1.44 14.09 11.86 8.19 1.52 
L.S.D.ooi 2.68 1.90 18.57 15.63 10.80 2.00 

•, •• 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 7. Heterosis versus the mid-parents of the 21 F tr hybrids for vegetative traits 
Ftr Vegetative traits 

No. hybrids V.L.cm No.L./P. L.A.cm1 F.W./P.g D.W.IP.g Chi. 
22 Pzx Pt 38.66"'* 14.12** 85.57** H 25.52** 41.02** 27.93** 
23 P3x P1 40.50** 7.99** 23.14** 8.06** 25.42** 23.97** 
24 P3x P2 47.20** 13.41 ...... 62.08** 24.46** 35.67** 30.94** 
25 p4 X Pt 40.14** 9.86** 40.01** 23.21 ** 42.99** 16.72** 
26 p4 X p2 57.29** 17.25** 42.99** 33.68** H 40.38** 13.43** 
27 P4 X P3 60.60** 22.23** 32.07** 19.13** 42.98** 19.16** 
28 Ps x Pt 23.49** L 3.03 L 27.09** 10.48** 26.48** 21.15** 
29 Ps x Pz 36.22** 9.63** 64.02** 24.01 ** 49.52**R 39.88** 
30 Ps x P3 54.05** 10.87** J2.64**L 5.52** L 22.34** 29.79** 
31 Ps x P4 47.72** 14.49** 31.58** 20.71 ** 38.25** 19.59** 
32 P6x Pt 64.57** 22.69** 28.92** 7.53** 5.05[ 30.35** 

33 P6x P2 100.61** 11 32.62**R 47.65** 30.12** 40.79** 60.04**R 

34 P6x PJ 60.89** 22.01 ** 35.50** 15.62** 28.71 ** 32.27** 

35 P6x P4 57.03** 13.66** 42.23** 26.18** 32.56** 9.06** [ 

36 p6x Ps 57.60** 22.32** 28.93** 13.86** 27.20** 20.75** 
37 p, X Pt 41.11** 14.51** 22.80** 11.73** 30.11 ...... 42.70** 
38 P7 x P2 61.15** 16.27** 33.71 ** 22.37** 38.46** 24.31 ** 
39 P, X p3 43.84** 11.57** 17.89** 14.38** 30.87** 37.08** 
40 P, X p4 60.47** 16.27** 25.37** 23.86** 48.32** 40.48** 
41 P7 x P5 49.02** 21.06** 14.52** 7.58** 35.06** 17.70** 
42 P, X p6 40.89** 22.37** 22.45*"' 18.18** 41.57** 24.42** 

L.S.D.0.05 2.03 1.44 14.09 11.86 8.19 1.52 
L.S.D.o.ot 2.68 1.90 18.57 15.63 10.80 2.00 

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

These results were in agreement with the results 
obtained by Abd El-Hadi, (1995); Gabr, (2003); Abd El­
Hadi et al., (2004); Abdein, (2005); Al-Ballat, (2008); 
Al-Araby, (2010); Jahan eta/., (2012) and Sanin eta/., 
(2014). 

3.2. Heterosis versus the better parent (Hu.P.%):­

Heterosis values from the better parent of all studied 
hybrids were estimated for vegetative traits and the 
results are presented in Tables 8 and 9. 

Data showed heterosis percentage of the 42 F t,tr 
hybrids relative to better parent for all traits. All hybrids 
showed highly significant and positive values for 
V .L.cm. While, most hybrids were not significant for 
D.W./P.g. At the same time, most hybrids had positive 
and highly significant estimates for Chi. (17 F 1 hybrids) 
in the same time 8,12,12 and 6 F1 out of the 21 F1 
hybrids showed positive and highly significant values 
for No.L./P.; L.A.cm2

; F.W./P.g and D.W./P.g., 
respectively. 

The results revealed that heterotic effects of the F 1 
hybrids ranged from 10.76 to 64.77% for V.L.cm; 0.11 
to 24.59% for No.L./P.; 0.64 to 58.47% for L.A.cm2

; 

0.3 I to 14.36% for F.W./P.g; 1.34 to 39.35% for 
D.W./P.g and 1.45 to 37.89% for Chi. While the 
heterotic effects of the F tr (reciprocal) hybrids ranged 
from 10.88 to 64.57%; 0.47 to 21.20%; 0.21 to 35.27%; 
0.49 to 27.43%; 2.64 to 47.43% and 0.58 to 44.52% for 
V.L.cm; No.L./P.; L.A.cm2

; F.W./P.g; D.W./P.g and 
Chi., respectively. The results in Table 9 showed that 
21;12;12;17;10 and 19 out ofthe 21 Ftr hybrids showed 
positive and highly significant (desirable) estimates from 
the better parent.These results were in agreement with 
the results obtained by Abd El-Hadi, (1995); Gabr, 
(2003); Abd El-Hadi et al., (2004); Abdein, (2005); Al­
Ballat, (2008); Al-Araby, (2010) and Sanin et al., 
(2014). 

4. Analysis of combining ability variances: 

The pertinent part of the analysis of variance for 
combining ability of the seven parental varieties and 
their 42 F 1 hybrids for vegetative traits are shown in 
Table 10. The results revealed that the mean squares due 
to crosses were highly significant for all vegetative 
traits. Similarly, the mean squares due to general 'and 
specific combining abilities were also highly significant 
for all traits. 
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The GCA mean squares were important than SCA 
mean square for all vegetative traits. This indicated that 
additive genetic variance was more important in the 
inheritance of these traits. This was emphasized by the 
ratio of GCA/SCA which exceeds the unit. 

appeared that both riA and o2D were important for the 
inheritance of vegetative traits. The results also 
indicated the presence of ~2r for all traits. Therefore, all 
genetic parameters played an important role in the 
inheritance of vegetative traits. 

These results were in agreement with the results 
obtained by Abd El-Hadi eta/., (2004); Abdein, (2005); 
Al-Ballat, (2008); Al-Araby, (2010); Radha et al., 
(2013) and Sai).in eta/., (2014). 

These results indicated that vegetative traits not only 
controlled by nuclear genetic factors, but also by 
cytoplasmic genetic factors. 

5. Genetic parameters and heritability: 

According to the expectation of mean squares, the 
variance components would be calculated and translated 
in terms of genetic variance components. Thus, the 
genetic parameters, which included additive (52 A); non­
additive genetic variance including dominance (o2D); 
reciprocal effect (o2r); heritability in broad (h2b%) and 
narrow (h2n%) senses were estimated and the results are 
presented in Table 11. 

The results indicated that the magnitudes of the 
values of heritability in broad sense (h\%), were larger 
than their corresponding values of heritability in narrow 
sense (h2n%) for all traits. The values of heritability in 
narrow sense (h2n%) and broad sense were 23.466 and 
99.082%; 44.203 and 87.507%; 65.844 and 99.026%; 
64.320 and 98.555%; 59.012 and 91.978%, and 10.393 
and 93.393% for V.L.cm; No.L./P.; L.A.cm2

; F.W./P.g.; 
D.W./P.g and Chi., respectively. 

The results illustrated that the magnitudes of ~2 A, 
were larger in magnitudes than their corresponding 
values of 520 for No.L./P.; L.A.cm2

; F.W./P.g.; and 
D.W./P.g traits. On the other hand, the magnitudes of 

These results were in agreement with the results 
obtained by Abd El-Hadi et al., (2004); Abdein, (2005); 
Al-Ballat, (2008); Al-Araby, (2010) and Sanin et a/., 
(2014). 

~?D were larger for V.L.cm and Chl. In general, it 

Table 8. Heterosis versus the better parent ofF 1 the 21 hybrids for vegetative traits 
Ft Vegetative traits 

No. hybrids V.L.cm No.L./P. L.A.cm2 F.W./P.g D.W./P.g Chi. 
1 PtxPz 51.74*"' 24.59**R 7.02** 3.08* 5.31 25.40** 
2 PI X p3 35.29** 6.86• 0.64 L 4.24 .. 4.27 19.70•• 
3 Pt X p4 39.12** 8.87* 1.78 4.72** 3.72 8.58** 
4 PI X P, 43.59** 16.67** 36.08** 3.91 ** 6.88 30.03** 
5 PI X p6 44.66** 23.34** 20.49** 6.16** 11.47** 15.68** 
6 Pt x Pz 39.91"'* 4.02 16.31** 1.57 6.25 13.5s•• 
7 P2 x P3 43.97** 8.19* 17.82** 6.08** 39.35**R 
8 Pz x P4 45.42** 3.44 38.74*"' 14.36**R 27.26** 
9 P2 x P, 33.59** 7.09* 8.19** 0.51 8.96 17.56** 
10 P2 x P6 16.89** 0.11 L 16.48** 2.26 2.21 11.06** 
11 p2 X P, 33.69** 5.84* 2.60 3.87* 25.69** 5.81 
12 p3 X p4 64.77** H 16.78** 6.44 6.26** 20.39 19.23** 
13 P3 x P5 38.08** 4.98 58.47*"' H 1.25 3.25 9.29"'* 
14 p3 X p6 20.63** 8.25* 7.80** 4,56** 2.87 9.57** 
15 p3 X p7 59.89*"' 17.79"'* 1.45 5.88** 24.28** 12.76** 
16 P4xPs 37.09** 8.46* 2.56 0.31L 8.34 14.18** 
17 P4xP6 10.76**[ 1.19 1.70 1.52 1.34L 5.69 
18 p4 X P, 42.08** 9.66** 10.64** 7.78** 22.80** 10.90** 
19 Ps x P6 23.11** 3.69 0.81 5.91** 8.75 37.89** H 

20 P5 x P7 43.04** 13.31** 10.43** 5.73** 8.45 22.34** 
21 p6 X P, 27.10** 13.46"'* 1.20 7.64** 13.37* 36.22** 

L.S.D.0.05 2.69 1.91 18.64 15.69 10.84 2.01 
L.S.D.001 3.56 2.53 24.66 20.76 14.34 2.66 

",**Significant and highly significant at 0.05 and 0.01 probability levels, respectively. 
H= The highest value. L= The lowest value. 
L= The lowest value. 
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Table 9. Heterosis versus the better 2arent ofF 1r the 21 h~brids for vegetative traits 
No. Fir Vegetative traits 

hybrids V.L.cm No.L./P. L.A.cm2 F.W.IP.g D.W./P.g Chi. 
22 P2x P1 10.88** L 2.25 40.86** 2.29 3.82 18.02** 
23 P3x Pt 30.52** 3.07 4.30 1.77 7.38 17.17** 
24 P3x P2 25.03** 6.11 41.55** 6.59** 12.82* 14.73** 
25 p4 X Pt 27.88** 4.02 10.66** 4.42** 13.16** 11.76** 
26 p4 X P2 35.78** 10.58** 35.27**1{ 27.43**1{ 27.08** o.58r: 
27 p4 X p3 57.53** 21.20** II 21.31** 6.41** 29.98** 17.54** 
28 Ps x P, 20.58** 0.47L 20.12** 2.73* 8.51 19.81 ** 
29 p5 X p2 10.95** 0.50 29.73** 7.44** 24.10** 30.39** 
30 Ps x P3 46.37** 8.46* 0.21 r: 4.09** 22.05** 21.39** 
31 p5 X p4 37.82** 11.07** 8.71 ** 9.14** 25.41 ** 13.31** 
32 p6x P, 64.57** II 17.70** 11.31 ** 4.64** 3.45 27.34** 
33 p6x P2 51.13** 14.55** 1.62 3.83** 2.64r: 44.52** R 

34 p6x P3 38.78** 11.94** 1.92 6.15** 8.80 27.86** 
35 P6x P4 33.28** 3.47 1.14 4.57 .... 3.73 6.85* 
36 P6x P5 42.27** 14.55** 6.18** 3.24** 7.74 16.68** 
37 p7 X Pt 32.80** 10.52** 20.33** 0.491: 3.43 37.99** 
38 p7 X p2 35.32** 7.62* 2.94 9.44** 24.67** 11.22** 
39 P7 X P3 41.86** 10.29** 1.56 8.89** 19.62** 33.86** 
40 p7 X p4 55.27** 13.98** 0.61 15.80** 47.43** II 39.05** 
41 P1 x Ps 43.51** 19.78** 10.37** 11.68** 23.18** 12.60** 
42 p7 X p6 22.98** 13.46** 3.93* 27.54** 11.27* 23.13** 

L.S.D.o.os 2.69 1.91 18.64 15.69 10.84 2.01 
L.S.D.o.o! 3.56 2.53 24.66 20.76 14.34 2.66 

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

'\ 
Table 10. Analysis of combining abilities and mean squares of all F 1 hybrids (F 1,1r hybrids) 

4.'.. for vegetative traits 

~ Vegetative traits 

~ 
s.v. d. f. V.L.cm No.L./P. L.A.cm2 F.W./P.g D.W./P.g Chl. .. ReEs. 2 0.640 59.432 436.738 * 113.570 34.040** 5.383 - Crosses 41 205.122** 5.732 .. 4196.15 .. 2029.412** 205.283** 19.137** ..... G.C.A. 6 697.674** 39.060** 66561.489** 31558.387** 2501.427** 30.675** .. 

1 S.C.A. 14 323.814** 8.334** 5982.334** 3650.923** 346.291 ** 23.921 ** 
~' R.E. 21 76.664** 2.857* 2210.159** 311.262** 54.500 13.442** 

Error 82 2.777 1.404 132.955 94.233 44.969 1.550 
G.C.A./ S.C.A. 0.155 0.388 0.811 0.632 0.582 0.093 

*,**Significant at 0.05 and O.Qllevels of probability, respectively. 

Table 11. The relative magnitudes of different genetic parameters and heritability for 
vegetative traits 

Genetic parameters Vegetative traits 
and heritability V.L.cm No.L./P. L.A.cm2 F.W./P.g D.W./P.g Chl. 

'flA 71.00 4.968 8996.81 4196.98 330.84 2.42 
o2 D 191.839 4.141 3495.36 2125.34 180.05 13.368 

~~~-
o r 36.943 0.726 1038.6 108.514 4.765 5.946 
82 E 2.777 1.404 132.955 94.233 44.969 1.550 

h2b% 99.082 87.507 99.026 98.555 91.978 93.343 
'· h2n% 23.466 44.203 65.844 64.320 59.012 10.393 

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



199 A. H. Abd El-Hadi et al.,: Manifestation of Heterosis and The Role of The G~etic Parameters Associated with It for Some ... 

6. General combining ability effects (g1) for the seven 
parental varieties: 
Positive or negative estimates of GCA effects (g0 

would indicate that a given parental variety is better or 
much poorer than the average of the group involved with 
it in the complete diallel crosses mating design system. 

The general combining ability (GCA) effects of the 
seven parental varieties for vegetative traits are given in 
Table 12. · 

The results revealed that GCA effects (g1) gave 
positive and highly significant values to parent No.P6 for 
all vegetative traits. The results showed desirably 
positive and highly significant values to the parent No.P1 
for V.L.cm; No.L./P.; L.A.cm2

; F.W./P.g and D.W./P.g 
but it was undesirably negative and not significant for 
Chl. While, the GCA effects were found to be highly 
significant and negative (undesirable) for parent No.P2 

for all vegetative traits. While, parents No.P3, P6 and P7 

were highly significant and positive (desirable) for Chi. 
These results also indicated that parents No.P4 and P, 
had negative (undesirable) and highly significant GCA 
effects for V.L.cm; L.A.cm2

; F.W./P.g and D.W./P.g. 
The results indicated that parents No.P1 and P6 

seemed to be the best combiners for V.L.cm; No.L./P.; 
L.A.cm2

; F.W./P.g and D.W./P.g. Parents No.P3, P6 and 
P7 were the best combiners for Chl. 
These results were in agreement with the results 
obtained by Gabr, (2003); Abd El-Hadi et al., (2004); 
Abdein, (2005); Al-Araby, (2010); Radha eta/., (2013) 
and Sanin eta/., (2014). 

7. Specific combining ability effects (s1J}: 

Estimates of specific combining ability effects (s1j) of 
the 42 Fhtr hybrids for vegetative traits are presented in 
Tables 13 and 14. 

The F1 hybrids P1 x P2; P1 x P6; P1 x P7; P2 x P6; P3 x 

P4; P3 x Ps; P3 x P6; P3 x P,; P4 x Ps; P4 x P1; Ps x P6 and 

Ps x P, showed highly significant positive (desirable) 
SCA effects for V.L.cm. The F1 hybrids P1 x P6 and P2 x 
P6 gave the highest values 13.30 and 14.44 for the same 
trait, respectively. On the other hand, F lr (reciprocal) 
hybrids P2 x P1; P3 x P2; P4 x P1; Ps x P1; Ps x P2; P1 x P1 
and P1 x P3 showed highly significant positive 
(desirable) of SCA effects for V.L.cm. On the same 
time, the F1r (reciprocal) hybrid P2 x P1 showed highly 
significant value of 13.67. The F1r (reciprocal) hybrids 
P6 x P2; P6 x P3; P6 x P4; P6 x Ps and P1 x P4 showed 
highly significant negative (undesirable) SCA effects for 
the same trait. 

The F1 hybrids P1 x P2 and P1 x P6 gave the highest 
values 2.280 and 2.565 for No.L./P., respectively. 
While, the F1r (reciprocal) hybrid P2 x P1 gave the 
highest value 3. 167 for the same trait. 

The F1 hybrids P1 x P2 and P2 x P6 ~ave the highest 
values 61.56 and 65.49 for L.A.cm, respectively. 
While, the F1r (reciprocal) hybrids P5x P3 and P6 x P2 
gave the highest values 44.04 and 41.00 for the same 
trait, respectively. 

For F.W./P.g the F1 hybrids P1 x P4 and P2 x P6 gave 
the highest values 41.40 and 42.88, respectively. While, 
the F lr (reciprocal) hybrid P1 x P6 gave the highest value 
13.33 for the same trait. 

For D.W./P.g the F1 hybrid P6 x P, gave the highest 
value 16.98. While, the F1r (reciprocal) hybrid P3 x P2 

gave the highest value 12.33 for the same trait. 
For Chi. the F 1 hybrid P1 x P2 gave the highest value 

21.93. While, the F1, (reciprocal) hybrid P6x Ps gave the 
highest value 3.667 for the same trait. 

These results were in agreement with the results 
obtained by Gabr, (2003); Abd El-Hadi et a/., (2004); 
Abdein, (2005); Al-Araby, (2010); Radha eta/., (2013) 
and Sanin eta/., (2014). 

Table 12. General combining ability effects (gt) of the seven parents for vegetative traits 
Vegetative traits 

Parents V.L.cm No.L./P. L.A.cm2 F.W./P.g D.W.!P.g Chi. 
P1 3.105** 0.959** 34.345** 44.670** 17.139** -0.119 
p2 -9.204** -1.826** -44.921** -48.068** -12.741** -2.595** 
P3 -1.727** -0.683* -46.112** -2.591 -2.836 1.547** 
p4 -3.466** -1.136** -68.945** -35.806** -9.051 ** -0.761* 
Ps -0.704 0.421- 1.340 -17.258** -4.955** -0.547 
p6 13.653** 3.244** 135.340** 83.789** 20.782** 1.071** 
p7 -1.656** 0.136- -11.136** -24.734** -8.336** 1.404** 

L.S.D(gi).005 0.816 0.580 5.649 4.755 3.285 0.609 
L.S.D(gi).0.01 1.076 0.765 7.446 6.269 4.330 0.804 

•,•• Significant and highly significant at 0.05 and 0.01 probability levels, respectively. 
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" ~ Table 13. S~ecific combining ability effects {sii) of the 21 F 1 h!brids for vegetative traits 

f 
Vegetative traits 

F1 hybrids V.L.cm No.L./P. L.A.cm2 F.W./P.g D.W./P.g Chi. 

' PIx Pz 6.90** 2.28* 61.56** 41.16** 10.69 21.93** 
\ P, X PJ -0.153 -0.673 -23.24* -1.98 2.62 1.45 

~ PI X p4 2.585 0.112 14.59 41.40** 11.84* -0.238 

4 PI X p~ -0.843 0.065 31.97** 14.69 6.91 0.881 

t 
PI X p!i 13.30** 2.565* 23.8* -33.53** -13.83* 1.26 
PI X p7 4.78** -1.054 5;28 7.00 6.79 2.09 
Pz x p3 0.823 -0.054 6.11 31.43** 11.84* 0.429 
p2 x p~ 2.89* -0.102 -12.89 -0.69 -1.74 -0.762 

t 
p. X p~ 0.799 -0.150 22.33* 15.76 6.12 2.19* 
Pz x P2 14.44** 1.517 65.49** 42.88** 8.55 4.57** 
Pz x Pz 2.751 -0.102 5.97 -3.93 -2.83 -0.929 

l PJ X p~ 10.59** 2.255* -14.03 19.00* 7.48 2.095 

t p3 x Ps 5.99** -0.293 60.68** -20.72* -7.62 0.881 
p~ X p(i 3.79** 1.041 43.52** 9.57 . 3.31 0.095 
P3 x Pz 5.28** 0.922 2.16 13.93 3.77 1.43 
P4 x Ps 4.39** 0.827 -0.98 8.00 2.43 1.52 
p1 X p§ -0.795 -1.007 47.35** 30.62** 4.86 -2.76* 
p~ X p7 5.51 ** 0.541 40.83** 10.14 0.81 3.24** 
Ps x P6 4.92** 0.612 -11.27 22.57** 8.43 2.52* 
P5 x Pz 6.75** 0.612 -11.29 -3.07 0.88 -0.476 
p(i X p7 -0.272 1.660 -4.13 38.21** 16.98** 2.41"' 

L.S.D.{sii2 Q o~ 2.828 2.010 19.568 16.474 11.380 2.112 

t L.S.D.{sii2 Q.QI 3.728 2.650 25.795 21.716 15.002 2.785 
*,**Significant and highly significant at 0.05 and 0.01 probability levels, respectively. 

t Table 14. Seecific combining ability effects {rii) of the 21 F1r h!brids for vegetative traits 
Vegetative traits 

L Ftr hybrids V.L.cm No.L./P. L.A. em~ F.W./P.g D.W./P.g Chi. 
1. p. X PI 13.67** 3.167** -67.83** 2.50 0.833 1.167 

/\ P3x P1 2.00 0.500 -7.50 8.17 -2.00 0.500 
... P3x P2 5.33** 0.001 -32.83** -1.50 12.33* -2.00* 
\. p4 X PI 3.67** 0.500 -17.83* 1.00 -6.00 -0.500 
l p4 X P, 2.67* -0.833 4.00 -29.50** 0.167 0.167 
~ p4 X p3 2.17 -0.333 -20.33* -0.33 -4.333 0.500 

" P5 x P1 7.33** 2.167* 31.83** 4.17 -1.167 1.500 

' Ps x Pz 7.00** 0.833 -38.5** -19.83** -6.833 -2.00* 

L Ps x P3 -2.67* -0.500 44.04** -8.17 -8.667 -2.167* 

t Ps x P4 0.001 -0.500 -10.83 -25.0** -7.833 0.167 

l. P6x P1 -2.83* 1.00 25.33** 5.33 4.500 -3.167** 

t P6x Pz -13.67** -2.167* 41.00** -5.33 0.001 -5.333** 
p6x p:l -7.17** -0.500 16.17* -3.17 -4.00 -3.333>~<* 

\ P6x P4 -8.83** -0.333 1.50 -10.67 -1.667 -0.167 

( P6x Ps -7.67** -1.667* -14.83 9.17 0.667 3.667** 

t p7 X PI 4.67** 1.00 -8.00 3.67 1.667 -4.00** 
P7 x Pz -0.67 -0.500 -0.67 -14.67* 0.167 -0.833 

~ p7 X p3 5.33** 1.00 -0.33 -8.67 2.00 -3.667** 
p7 X P4 -3.83** -0.833 19.17* -21.00** -9.167 -4.833** 

- P7 x Ps -0.17 -1.00 0.001 5.67 -6.667 1.667 
p7 X p6 1.50 0.001 -7.50 13.33 1.167 2.167* 

L.S.D.(rii) o 2s 2.333 1.658 16.143 13.591 9.388 1.743. 
"' I L.S.D.(rH) o.ot 3.075 2.186 21.279 17.915 12.376 2.297 ... *, ** Significant and highly significant at 0.05 and 0.01 probability levels, respectively. 
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