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Heterosis and Genetic Behavior of Some Yield and Yield Component Traits in
Squash (Cucurbita pepo, L.)
A. H. Abd El-Hadi; EI-Ad], A. M.1; Horeya M. Fathy and M. A. Abdein®

ABSTRACT

An 7 x 7 complete diallel-cross of squash was evaluated
with parents for heterotic manifestation and evaluate the
genetic behavior of yield and yield component traits. Seven
different squash varieties belong to the species (Cucurbita
pepo, L.), were used in this study. These parental varieties
were: Eskandarani (P,); Zucca Patisson custard white (P,);
All Green Bush (P;); Courgette Orelia (P,); Sakiz (Py);
Copi (Ps) and Gapla (P;). The seeds of these parental
varieties were obtained from different countries: (P;) and
(Ps) from Egypt; (P;) from France; (P;) from United
Kingdom (U.K.\); (P;) from Germany; (Ps) from Turkey
and (P;) from Syria. These parental varieties were used
and their 42 F,;, hybrids were obtained through complete
diallel crosses mating design system.

Data were recorded for seven traits: fruit length
(F.L.cm); fruit diameter (F.D.cm); fruit shape index
(F.Sh.1); Total Soluble Solid% (T.S.8%); weight of fruit
(W.F.g); number of fruits per plant (No.F./P.) and fruit
yield per plant (F.Y./P.kg). The results also indicated that
the amounts of heterosis versus mid-parents showed highly
significant values for all studied traits, The estimates of
heterosis versus the better parent showed highly
significance for most studied traits. None of the hybrids
cxhibited maximum heterosis for all the traits, but
significant and desirable level of heterosis over mid-parents
and better parent was obtained in several hybrids for the
different traits. However, GCA values were larger than
their corresponding estimates of SCA for studied yield and
yield component traits at both F,;,, hybrids. Reciprocal
effects (r) were significant for most studied traits. The
results indicated that the parents P), P; P, Ps and P; were
seemed to be the best combiners for fruit length (F.L.cm),
fruit shape index (F.Sh,L) and number of fruits per plant
(No.F./P.). Also, P, was the best combiner for Total Soluble
Solid% (T.5.5%). In the same time, the two parents P, and
P were the best combiners for fruit diameter (F.Dicm) and
weight of fruit (W.F.g).

These results indicated that the parents Py, P, and P,
were seemed to be the best combiners for fruit yield per
plant (F.Y./P.kg). All 49 genotypes (seven parents, 21 F,'s
and 21 reciprocal hybrids) were evaluated in a field trial at
the growing summer. The experimental design was the
Randomized Complete Blocks Design (RCBD) with three
replications of 2010. This study was conducted in the Kaha
Research Farm of Vegetables Breeding Department,
Horticultural Research Institute, (HRI), Agric. Res. Center
(ARCQ), Giza, Egypt.
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INTRODUCTION

The manifestations of heterosis as well as the nature
of gene action were studied in squash by many authors
among them Gabr (2003), Abd El-Hadi er al., (2004),
Abdein (2005), Al-Ballat (2008) and Al-Araby (2010).
They estimated heterosis for yield and some economical
traits in squash. They found that heterosis was observed
of only over the mid-parents but also over its beter
parent for all yield and yield component traits.
Thangamani, et al, (2011) in bitter gourd studied full
diallel analysis was carried out with 10 diversified
parents to study the heterosis for yield and quality traits.
In this respect, Jahan et al, (2012) in sweet gourd
(Cucurbita moschata Duch.ex Poir) found significant
and desirable level of mid and better parent heterosis
values in the studied hybrids for No. of fruits per plant
and fruit yield per plant. Similarly, Marie er al., (2012)
indicated that heterosis over mid- parents was evident in
all yield traits, where the hybrid (IL3xIL6) exhibited
(16.89 and 57.57%) for the ratio pistilate flower % and
fruit number per plant, respectively.

Concemning general and specific combining abilities,
in summer squash, Helmy (1993) evaluated 15 F,
hybrids and their parents. The obtained results
concluded that the best combiner was parent6, followed
by parents7 and 5, respectively, which exhibited the
highest positive values of GCA effects for total fruits
number and weight. El-Adl et al., (1996) studied the
combining ability among six inbred lines of agoor
(Cucumis melo var. chata, L.) and regarded that the
mean squares of GCA and SCA were highly significant
for yield per plant. In this respect, Ana and Staub
(2002) found that the combining ability was
significantly influenced by year for most of yield traits.
In the same time, Feyzian et al, (2009) found that
additive gene effects were most important with respect
to average weight per fruit and yield, while genetic
dominance effects were also important yield. Nahavand
and Tashkandi as parents had significant positive
general combining ability effects for yield and
acceptable yield. Douglas et al., (2011) found additive
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and non-additive gene effects were important in the
expression of parthenocarpy and resistance to PRSV-W
in summer squash.

Pradip et al, (2013) in ridge gourd [Luffa
acutangula (Roxb.) L.} studied 28 genotypes, including
seven parental lines and their 21 crosses. The highly
significant mean squares due to parents, hybrids and
parents versus hybrids; and GCA and SCA for yield and
antioxidants (Ascorbic Acid, Total Carotenoids and
Total Phenolics) indicated the existence of abundant
genetic variation. Recently, Sanin et al., (2014) studied
the predominance of additive gene action over the
dominance type for the traits under study suggests 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.

Iathet and Piluek (2006) found on melon, that broad
heritability of number fruits per plant and plant yield
were as high as (0.60 and 0.61, respectively). Fruit
number per plant had highly positive correlation to yield
per plant. Mishra et al, (2007) observed maximum
heritability for yield per plant followed by number of
fruits per plant on cucumber.

MATERIALS AND METHODS

Seven different squash varieties belong to the species
(Cucurbita pepo, L.). were used in this study. These
parental varieties were: Eskandarani (P,); Zucca
Patisson custard white (P;); All Green Bush (Ps);
Courgette Orelia (P4); Sakiz (Ps); Copi (Ps) and Gapla
(P,). The seeds of these parental varieties were obtained
trom different countries: (P,) and (Ps) from Egypt; (P;)
from France; (P;) from United Kingdom (U.K.); (Ps)
from Germany; (Ps) from Turkey and (P,) from Syria.

All these varieties represented a wide range of
variability for most studied yield and yield component
traits, Plants from each parental variety were self-
pollinated for three successive generations to obtain an
inbred 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 system to produce 21 F,
hybrids and their 21 F), 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,'s and 21 reciprocal hybrids) were
evaluated in a field trial at the growing summer season
of 2010 at Kaha Vegetables Research Station, Kaha,
Kalubia, Egypt.

The experimental design was the Randomized
Complete Blocks Design (RCBD) with three
replications. The plot or the experimental unit was one

ridge 5.0m. long and 1.0m. wide. The distance between
hills 0.5m. apart. Therefore, each ridge contained 10
hills.

Data were recorded on several randomly chosen
plants within each plot for the following traits: fruit
length (F.L.cm); fruit diameter (F.D.cm); fruit shape
index (F.Sh.1); Total Soluble Solid% (T.S.8%); weight
of fruit (W.F.g); number of fruits per plant (No.F./P.)
and fruit yield per plant (F.Y./P kg). The significance of
differences among genetic means for all studied traits
were tested according to F-test. The analysis of
variances and the expectations of mean squares were
made according to Steel and Torrie (1960).

The amounts of heterosis were determined as the
deviation of the mid-parents and the better parent as
follows:

1. Heterosis from the mid-parents:

(F1-M.P)
HEMP oe e x 100
M.P.
2. Heterosis from the better parent:
(F -~ B.P)
H(F,"')%= ............. x 100
B.P.

The analysis of variance of diallel crosses were made
to obtain the estimates of general combining ability
(G.C.A)), specific combining ability (S.C.A.) and
reciprocal effect (r). The procedures of these analyses
were described by Griffing (1956) method I.

The estimates of GCA variance (8’g) and SCA
variance (5°s) could be expressed in terms of genetic
variances according to Matzingar and Kempthorne
(1956) and Cockerham (1963) with the assumption that
there was no epistasis into additive and non- additive
variances.

RESULTS AND DISCUSSIONS

1. Analysis of variances:-

In this investigation, many yield and yield
component traits were studied. These traits included:
fruit length (F.L.cm); fruit diameter (F.D.cm); fruit
shape index (F.Sh.L); Total Soluble Solid% (T.S.S%);
weight of fruit (W.F.g); number of fruits per plant
(No.F./P.) and fruit yield per plant (F.Y./P.kg). The
analysis of variance and mean squares for yield and
yield component traits for all genotypes are presented in
Table 1.

The results indicated that the mean squares of all
genotypes were highly significant for all yield traits.
These results revealed the presence of large variations
among the yield and yield component traits.
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Table 1. Analysis of variance and mean squares for yield and yield component traits

Yield and yield component traits

S.V. df. FLecm FD.cm _ F.Shl T.8.5.% W.F.g No.F./P. F.Y./Pkg
Reps. 2 2744* 0074 0.029 0.053 63.879** 0.106 0.325*

Genotypes 48 20.989** 4.241%*  4.695%* 5.832%%  4841.734%*  168.297** 2.891**
Error 96 0.080 _ 0.043 0.048 0.019 12.825 0.800 0.072

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

) These results were expected where the genotypes in this ~ the seven parental verities were used in this
investigation included variable genetic parental  investigation. In general, these results suggested that
- varieties, F, hybrids and their Fy, (reciprocal) hybrids. there was a wide range of variation among the seven
. Thus, the partition of the genetic variation to jts  Parental varieties for all studied traits.
; components could be made through the analysis of the The results are presented in Tables 3 and 4 indicated
complete diallel crosses mating design system. that the highest F, hybrid for fruit yield per plant was P,
i 2. The mean performance of all genotypes: x Py with the mean valu:e of 5.86kg. Whereas, the
In this investigation, many yield and yield highest F,, (reciprocal) hybrid was P, >< P¢ with the mean
R component traits were studied. The means of yield and of 5,91kg. On the other hand, F, hybrid Pf * Py was the
. yield component traits were obtained for the seven IOW?St with the mean value of3.74kg.. While, P x Ps Fy;
parental varieties, their Fi,Fy; (reciprocal) hybrids and (reciprocal) hybrid was tl}e lowest with the mean value
- the results are presented in Tables 2, 3 and 4, of 3.99kg for the same trait.
respectively. The results cleared that the obtained mean The results showed that the means of the F; hybrids
values showed that there was no single parent exceeded ~ ranged from 8.73 to 16.27cm; 2.87 to 5.97cm; 1.57 to
. all the other parents for all yield studied traits. 4.92; 3.62 to 8.17; 117.2 to 221.2 g; 21.3 to 43.8 fruits
' The results presented in Table 2, showed that the ?ncsl S3°./Z'4Wt(1)? gSil;\?(l)(% /;oranil;c\?}P EgD?enspel:tlsv}:ﬂIy
parental variety P, was the lowest parent for F.L.cm, O' ) h ’ tl; ) ,h d ' t}; Y ‘l o th F'
F.ShI and F.Y./Pkg. In the same time P, was the n the other jand, the mean Vvalues 1n .e "
highest parent for F.D.cm and T.S.S.%-traits the P4 was Ereglggocal? ?);t;ntds 4r z;r:‘gief 0ﬁ6rotm 78 ,?,? 201;63'?3021121’631'03.
the highest parent for F.L.cm, F.Sh.I and No.F/P. traits. 2°3 i jff’G f‘mitsom'l 3,09 10 5091i< A S:me &aiti’
while the parental variety P, was the highest parent for res.pectiveiy ) 7R ’
F.Y./P kg traits. In the same time, The parental variety
Pg was the highest parent for W.F.g trait. goncemmg Phe perf-ormances. of the F; and Fl,
The parental variety P; had the lowest values for (remprocal? h}fbnds for yield and }tleld component traits,
F.D.cm and W.F.g traits. It is also, noticed from the the results mdu.:ated that Fhe magn 1tud§s of the means of
same table that the differences between the means of the the F, and their F, (refnproc?l) hybrids were close to
lowest and the highest parent were always significant each other for most studied traits.
indicating the presence of genetic differences between
Table 2, The mean performances of seven parental varieties for yield and yield component
traits
, No. Parents Yield and yield component traits
F.L.cm F.D.cm F.Sh.1L T.S.S.% W.Fg NoF./P. FY./Pkg
1 P, 12.93 3.13 4.24 3.33 117.6 234 273
2 P, 4731 7.77% 0.61" 563% 130.1 15.9 2.11°
3 P, 10.93 263" 4.15 3.53 93.9% 24.8 2.33
4 P, 13.077 2.83 4.61°% 4.37 98.9 30.2"7 2.87
5 Py 11.67 3.07 3.81 3.37 107.7 26.9 2.81
6 P 8.63 6.53 1.32 243" 134.9"7 151" 2.23
7 P, 12.47 2.93 4.26 3.57 112.7 28.2 3.15"
L.S.D.oos 0.45 0.33 0.35 0.22 8.68 1.44 0.43
L.S.D.on 0.60 0.44 0.46 0.29 11.49 1.91 0.57
H= The highest value L= The lowest value
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Table 3. The mean performances of the F; hybrids for yield and yield component traits

12 40 = AL . A

No. Fy hybrids Yield and yield component traits.
F.L.ecm F.D.cm F.Sh.L T.S.S.% W.F.g No.F./P. F.Y./P.kg
1 P, x P, 9.27 5.77 1.61 6.13 200.1 252 4.94
2 P, x P, 13.93 3.27 427 423 121.7 37.4 4.34 1
3 P, x P, 1567 + 343 4.56 5.17 123.1 43.1 5.26
4 P, < Ps 14.53 3.53 4.12 4.47 125.4 41.1 4.71 |
3 P, x P, 13.43 2.87" 4.71 3.62- 208.1 28.2 5.79 '
6 P, x P, 16277 3.43 4.74 4.27 120.2 39.2 4,55 p
7 P, x Py 9.67 5.53 1.75 7.57 213.7 28.1 5.86"
8 P, x P, 11.77 4.63 2.55 8.17" 176.7 32.8 5.17
9 P, x Ps 9.37 5.73 1.64 7.33 188.2 28.4 4,77
10 P, x Pg 8.97 597" 1.51 6.47 221.2" 21.3°F 4.65 :
11 P, x P, 8.73" 5.57 1.57"- 7.43 171.8 28.6 4.55 i
12 P, x P, 16.27 3.33 4.88 443 117.2" 42.9 4.83 ,
13 P, x Ps 15.73 3.27 4.82 4.77 124.2 39.2 4,79 )
14 P, x Pg 14.83 433 3.42 3.83 198.2 28.6 4,87 ‘
15 P, x P, 14.07 3.27 4.32 433 117.6 39.7 4.57
16 P, x Py 15.93 3.37 4.74 6.27 126.2 438" 5.47 {
17 P, x Ps 12.73 3.07 4.16 5.27 137.8 323 4.51 ]
18 Py x Py 14.43 2.97 4.921 5.77 119.9 41.9 4,88 '
19 Ps x Pg 13.73 3.67 3.75 4.73 154.2 28.1 4,32
20 P x P, 15.53 3.27 4.76 5.47 118.9 29.7 374" “
21 P¢ x P, 14.67 5.17 2.84 4.07 149.3 29.2 4.28
L.S.D.qos 0.45 0.33 0.35 0.22 8.68 1.44 0.43
L.S.D.y; 0.60 0.44 0.46 0.29 11.49 1.91 0.57
4= The highcst value. L= The lowest value.
Table 4. The mean performances of the 21 Fy, hybrids for yield and yield component traits
No. F,. hybrids Yield and yield component traits
F.L.cm F.D.cin F.Sh.L. T.S.S.% W.F.g No.F./P. F.Y./P.kg
22 P. x P, $.90 5.63 1.58" 7.77" 193.6 27.6 5.34
23 P,x P, 13.73 3.07 4.52 4.53 123.2 41.1 5.04
24 P;x P, 10.27 573" 1.79 7.37 208.8 28.2 5.77
25 P, x P, 15.77 3.27 4.83 6.23 125.2 39.8 4.93
26 P, x P, 12.67 3.53 3.59 8.07 186.6 32.1 5.23
27 P, x P; 16.637 3.37 4.94" 5.37 117.1 38.7 4.55
28 P. x P, 14.77 3.27 4.56 5.57 125.7 40.9 5.01
29 P; » P, 8.83"° 5.47 1.62 6.87 215.3 27.6 5.76
30 P x P, 12.67 3.03° 4.19 5.07 113.3" 38.9 4.43
31 P, x P, 13.47 3.13 4.33 6.37 126.1 41.3 5.32
32 Pex P, 14.13 4.37 3.24 406" 192.8 27.1 5.22
33 Px P, 12.13 4.57 2.67 5.73 226.1" 234" 4.91
34 Px P, 14.27 4.43 3.22 4.57 152.3 29.2 4.41
35 Psx P, 13.77 3.53 3.91 5.23 216.7 31.5 5.87
36 Pgx Ps 12.23 4.27 2.87 4.33 135.7 29.5 3.99"
37 P, x P, 15.73 3.27 4.82 4.67 120.8 4467 5.38
38 P, x P, 9.37 5.33 1.76 7.47 211.1 29.4 5.73
39 P, x P, 14.63 3.47 422 5.67 114.8 36.7 4.26
40 P; x Py 15.17 3.33 4.55 6.53 118.1 42.9 5.04
41 P, x P 14.67 3.23 4.54 5.43 128.1 41.7 5.31
42 P, x P, 14.23 5.17 2.76 4.77 204.7 29.1 591"
L.S.D.q0s 0.45 0.33 0.35 0.22 8.68 1.44 0.43 z
L.S.D.oo; 0.60 0.44 0.46 0.29 11.49 1.91 0.57 ;'

H= The highest value. L= The lowest value.
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At the same time. when hybrids were compared with 21 out of the 21 F, hybrids and 20?6_;10§215?q§21 an.d 21
each other. the resuits showed the presence of significant ~ Fir hybrids out of the 21 Fy, hybrids exhibited highly
. differences between them for many yield traits. It was  Significant desirable heterosis values for F.L.cm;
obtained that some Fy and Fy, (reciprocal) hybrids for F.D.cm; F.Shl; T.8.8.%; W.JF.g NoF./P. and
yield and yield component traits exceeded the better F.Y./P kg, respectively.

parent and naturally exceed versus the mid-parents. While, the values of heterosis over the mid-parents
3. Heterosis:- for F), (reciprocal) hybrids ranged from 0.75 to 81.55%;
. -36.13 t0 24.55%; -34.67 to 176.02%; 32.04 to 73.23%;

3.1. Heterosis from the mid-parents (Hp p.%):-
Heterosis percentage of the 42 F; ), hybrids relative
- to the mid-parents for the yield and yield component
traits are presented in Tables 5 and 6. Simil ) brained by Abd El-Hadi of al
, o . imilar results were obtained by -Hadi et al.,
- Thf: results indicated that tl:xe values of heterosis over (2001); Abd El-Hadi ef al, (2004); Tathet and Piluck
the mid-parents for F; hybrids ranged from 1.55 to ’ . . )
< . . (2006); Al-Araby, (2010); Thangamani et al, (2011);
51.62% for F.L.cm; -40.69 to 21.95% for F.D.cm; - .
. ] Jahan et al., (2012) and Marie et al., (2012).
35.51 to 69.34% for F.Sh.l.; 12.24 to 65.09% for 3.2. Het is for bett t (g p %):-
T.S.8.%; 4.33 to 90.86% for W.F.g.; 8.06 to 63.55% for > CLerosis for better paren’ ‘2 p.p. 70): .
. Heterosis percentage of the 42 F; hybrids relative to
No.F./P. and 25.6 to 163.9% for F.Y./Pkg. With the the better parent for the yield and yield component traits
respect to heterosis from mid-parents (Hyp%) for F, P Y y P

, hybrids. The results reveled that 19:9:11;21:20:2] and 2 Presented in Tables 7 and 8.

Table 5. Heterosis percentage reltive to the mid-parents of the F, hybrids for yield and yield
component traits

4,85 to 86.43%; 29.17 to 72.74% and 55.5 to 159.8%
for F.L.cm; F.D.cm; F.Sh.I; T.S.S.%; W.F.g; No.F./P.
and F.Y./P kg, respectively.

F, Yield and yield component traits.
No. hybrids,. F.L.cm F.D.cm F.Sh.L T.S.5.% W.F.g No.F./P. F.Y./Pkg
1 P, x P, 4.91* 5.81* -33.68** 36.80** 61.52%*% 28 07** 104.3**
2 P, x P, 16.76** 13.29%* 177 23.30** 15.05%* 55.08** 71.3**
3 P, x P, 20.51** 15.08** 3.15 34.20%* 13.71** 60.50%* 87.7%*
4 P, x Ps 18.16** 13.98** 2.42 33.33%* 11.30%*  63.55%*7  §9.g%x
5 P, x Pg 24.57** -40.69**%  69.34*x" 25.66%* 64.79%* 46,32** 133.4%*
6 P, x P, 28.08%* 13.19%* 11.67%* 23.67** 4.33*% 51.94** 54.8%*
. 7 PyxPy  23.40%* 6.41* -26.63**  65.09**"  90.86**"  3820**  163.9**"
8 P, x P, 32.21%* -12.58** 237 63.33** 54.30%* 42.30** 107.5**
9 P, x Ps 14.23%* 5.85* -26.06** 62.96%* 58.28** 33.07** 93.8**
10 P,xPg 34.16** -16.55%* 55.95%x 60.33%* 66.90** 37.72%* 113.9**
11 P,xP, 1.55" 4.05 35.51%¢L  61.59%* 41.52%* 29.75** 73.1%*
12 PixP, 35.56** 21.95**H 11.38** 12.24**%  21.54%%  5578%* 85.5%*
13 Py xPs 39.23%* 14.62** 21.03%* 38.16%* 23.23** 51.61%* 86.5**
i} 14  PixP,  51.62%*"H -5.45* 25.10%* 28.49** 73.25%%  43.31** 113.2**
15  PyxP, 20.23** 17.37** 2.82 22.07** 13.81%%  49.78** 66.7**
16 P, x P 28.84** 14.12%* 12.53%* 62.07%* 22.15%* 53.30** 92, 7**
17 Py x P 17.36** -34,52%* 40.21** 54,90%* 17.87**  42.46** 76.7**
18 P,xP, 13.05** 2.89 10.87%* 45.38** 13.32%* 43.61** 62.1**
19  PsxPg 35.30** 23.61%* 45.81** 63.22%* 27.11%* 34.18%* 71.4**
20 Psx P, 28.73%* 8.89* 17.82%* 57.69%* 7.91%* 8.06**~  25.6%*
21  Pex P, 39.02** 9,15** 1.89 35.56** 20.59** 34.93%* 58.9%*
L.S.D.q0s 0.34 0.25 0.26 0.16 4.37 1.09 0.32
L.S.D.oq; 0.45 0.33 0.35 0.22 5.76 1.44 0.43
* ** Significant and highly significant at 0.05 and 0.01 probability levels, respectively.
H= The highest value L= The lowest value




183 A. H. Abd El-Hadi et al.,; Heterosis and Genetic Behavior of Some Yield and Yield Component Traits in Squash ...

Table 6. Heterosis percentage reltive of the mid-parents of F;, hybrids for yield and yield
component traits

Fie Yield and yield component traits.

No. hybrids =~ F.L.cm F.D.cm F.Sh.L T.S.S.% W.F.g No.F./P. F.Y./P.kg ‘
22 P,xP; 0.75% 3.36 -34.67¢* % 73.23%+H 56.27** 40.63** 120.5**
23 P;xP;,  15.08** 6.36 7.72* 32.04**T 16.50** 70.42** 99.4%*
24 PyxP,  31.06** 10.26** -24.74** 60.73** 86.43%*H 38 60** 159.8**H
25 P,xP, 21.28** 9.50** 9.25** 61.90** 15,50+ 48.32** 76.2%*
26 PyxP,  42.32%%  -33.33%x 37.35%* 61.33** 62.92%* 39.41** 110.1%*
27  P,xP," 3861*™  2317** 12.74** 35.86** 21.44%* 40.76** 75.1%*
28  PsxP;  20.05%* 5.38 13.40** 66.17** 11.57** 62.76** 81.1**
29 DPsxP,  7.72%* 0.92 -26.98** 52.59%* 81.05** 29.17**T 134.3**
30 PixP;  12.09** 6.43 521 46.86** 12.45%* 50.45** 72.4%*
31 DPs;xP,  8.80** 6.21 2.70 64.66** 22.08** 44.78%* 87.3%*

32  PgxP;,  31.07** -9.66** 16.54** 40.92%* 52.65%* 40.61** 110.2**
33 PexP,  81.55**7  .36.13**L  176.02**F  42.15** 70.65** 51.51** 125.8**

34  Pex P, 45.83** -3.27 17.68** 53.07** 33.10%* 46.66** 93.4**
35 Pex Py 26.88** -24.56** 31.69** 53.92** 85.35%* 39.07** 130.1**
36 Pgx Ps 20.53** ~11.11%* 11.57* 49.43** 1]1.83** 40.70** 58.4%*
37 Py x Py 23.88** 7.69 13.47** 35.27** 4.85%" 72.74** " 83.1**
38 P, xP, 8.91** -0.31 -27.82%* 62.32** 73.89** 33.54** 117.9%*
39  P;xPy  25.07**  24,55%*H 0.43 59.62** 11.10** 38.70** 55.5%% "
40 P; x Py 18.80** 15.61** 2.70 64.71** 11.59%* 46.92%* 67.6**
41 P; x Ps 2]1.55%* 7.78 12.42%* 56.73** 16.26** 51.42%* 78.2%*
42 PyxPg  34.91** 9.15%* -1.24 58.89** 65.30** 34.46** 119.5%* )
L.S.D.ggs 0.34 0.25 0.26 0.16 437 1.09 0.32
L.S.D.q0 0.45 0.33 0.35 0.22 5.76 1.44 0.43
*** Significant and highly significant at 0.05 and 0.01 probability levels, respectively.
H= The highest value L= The lowest value
Table 7. Heterosis better parent of F; hybrids for yield and yield component traits
No. F, Yield and yield component traits.
hybrids.  F.L.cm F.D.cm F.Sh.L T.S.S.% W.F.g No.F./P.  E.Y./Pkg
1 PixP; -28.35%* =25.75**  -62.06**~ 8.88 53.78 7.40 81.2
2 P, x P, 7.13** 4.26 0.76 19.81 3.43 50.81 58.8
3 P x Py 19.90** 9.57 - -1.06 18.32 4.68 42.45 83.1
4 P, x Ps 12.37** 12.77* -2.67 32.67 6.60 53.107 67.6
5 P; x Pg 3.87* -56.12*** 11,10%* 8.70 54.22 20.20 112.3
6 P, x P, 25.77** 9.57 11.40** 19.63 215" 39.17 44.5
7 P, x P, -11,59** -28.76%*%  -57,02%% 34,32 64,28 13.31 151.57
8 P, x P, -0.95%x* -40.34%%  _44.,72%* 44.97 35.82 8.49 80.1
9 P, x Ps -19.71** -26.18** .57, 11%* 30.18 44.66 5.83 69.8
10 P, x Pg 3.86 -23.18** 13.97" 14.79 63.91 34.24 108.1
i1 Py x Py -29.95%*>  2833%*  .63,]13** 31.95 32.08 142" 44.7
12 Py x Py 24.49** 17.65* " 5.82 1.53~ 18.43 41,79 68.1
13 Py x Ps 34.86** 6.52 16.12** 34.91 15.32 45.78 70.7
14 Py x Py 35.67**" -33.67** -17.53%* 8.49 46.89 15.19 108.8
15 P; x P, 12.83** 11.36* 1.55 21.50 4.29 40.83 45.1
16 Py x Ps 21.94** 9.78 2.79 43.51 17.18 44.76 90.6
17 P, x Pg -2.55 -53.06** -9.80* 20.61 2.15" 6.73 57.1
18 P, x Py 10.46** 1.14 6.59 32.06 6.39 38.70 54.9
19 Ps x Pg 17.71** -43,88** -1.82 40.59 14.28 4.71 53.9
20 Ps x P, 24.60** 6.52 11,7]1** 53.27" 5.50 5.56 18.8"~
21 P; x P, 17.65** -20.92**  .33.23%* 14.02 10.67 3.55 35.9
L.S.D.gos 0.45 0.33 0.35 0.22 8.68 1.44 0.43, .
L.S.D.go; 0.60 0.44 0.46 0.29 11.49 1.91 0.57

*,** 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 8. Hetrosis better parent of F;, hybrids for yield and yield component traits
' Fi Yield and yield component traits.
- No. hybrids F.L.cm F.D.cm F.Sh.L T.SS.% W.JFg No.F./P. F.Y./P.kg
i 22 P, x P, 31.19%*E  2747%+  .62.63**! 37.87 48.78 17.92 95.6
. 23 P;x P, 6.19%* -2.13 6.66 28.30 4.73 65.731 84.9
, 24 P3x P, -6.10** -26.18** -56.84** 30.77 60.47 13.71 147.6 "
25 P, x P, 20.66** 4.26 479 2.75 6.40 31.64 71.9
’ 26 P.xP, -3.06 S54.51%*L 9 04%* 4320 43 .40 6.28 82.4
27 P, x P, 27.30** 18.82**H 7.11% 22.90 18.33 28.11 58.7
- 28 P x P, 14.18** 426 7.76* 65.351 6.86 52.36 78.5
: 29 P, x P, 24.29%* -29.61** -57.65** 21.89 65.46 2.73% 105.3
. 30 Ps x Py 8.57** -1.09 0.94 43.40 523 44.67 57.8
] 31 P x P, 3.06 2,17 -6.18 45.80 17.12 36.71 85.3
, 32 Psx P, 9.28** -33.16** 23.54** 21.90 42.86 15.50 91.1
33 P¢x P, 40.54** 1 -41.20%*  101.72%*H 178 6759 . 47.69 119.6
34 Pex Py 30.49** -32.14** 22 42%* 29.25 12.85 17.88 89.4
- 35 Psx P, 5.36%* -45,92%* -15.28** 19.85 60.62 4.19 104.6
. 36 P¢x P 4.86* -34.69** 24 88** 28.71 0.54" 9.80 22
- 37 P, x P, 21.65%* 4.26 '13.19%* 30.84 2.66 58.22 70.9
_ 38 P, x P, -24.87** -31.33** -58.74** 32.54 62.29 4.38 82.1
) 39 P, x P, 17.38%* 18.18** -0.81 58.88 1.80 30.41 353
40 P, x P, 16.07** 13.64**\ -1.27 49.62 4.76 41.90 60.2
41 P, x Ps 17.65%* 5.43 6.58 52.34 13.66 47.93 68.6
42 P, x P 14.17%* -20.92%+* -35.28** 33.64 51.70 3.20 87.6
L.S.D.gos 0.45 0.33 0.35 0.22 8.68 1.44 0.43
L.S.D.gq, 0.60 0.44 0.46 0.29 11.49 1.91 0.57

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

H= The highest value.

The results indicated that the values of heterosis over
the better parent for F; hybrids ranged from -29.95 to
35.67% for F.L.cm; -56.12 to 17.65% for F.D.cm; -
62.06 to 13.97% for F.Sh.l.; 1.53 to 53.27% for
T.5.5.%; 2.15 to 64.28% for W.F.g.; 1.42 to 53.10% for
No.F./P. and 18.8 to 151.5% for F.Y./P.kg. While, the
values of heterosis over the better parent for F,
(reciprocal) hybrids ranged from -31.19 to 40.54%; -
54,51 to 18.82%; -62.63 to 101.72%; 1.78 to 65.35%;
0.54 t0 67.59%; 2.73 to 65.73% and 35.3 to 147,6% for
F.L.cm; F.D.cm; F.Sh.l; T.8.8.%; W.F.g; No.F./P. and
.Y /P kg., respectively.

With the respect to heterosis from better parent
(Hpp %) for Fy hybrids. the results reveled that 12 and 5
out of the 21 F, hybrids exhibited highly significant
desirable heterosis values for F.L.cm and F.Sh.I. and
14,3 and 2 Fy, hybrids out of the 21 F,, hybrids exhibited
highly significant desirable heterosis values for F.L.cm;
F.D.cm and F.Sh.]., respectively.

These results were in agreement with the results
obtained by Abd El-Hadi er al., (2001); Abd El-Hadi et
al., (2004); Tathet and Piluek (2006); Al-Araby, (2010);

L= The lowest value.

Thangamani, et al., (2011); Jahan er al., (2012) and
Marie et al., (2012).
4. Analysis of combining ability variances:

The variance for combining ability of the seven
parental varieties and their 42 Fy,,, hybrids for yield and
yield component traits are presented in Table 9. The
results revealed that the mean squares due to crosses
were highly significant for all studied traits. The mean
squares due to general combining ability (GCA)
exhibited significant differences for all studied traits.
The mean squares due to specific combining ability
(SCA) were highly significant for all studied traits. It
means that the additive genetic' variance was more
important in the inheritance of these yield traits. At the
same time the mean squares due to reciprocal -effect
were highly significant for all studied traits.

The values of GCA mean squares were higher than
those of SCA mean squares for all yield studied traits
except for F.Y./P.kg. It means that additive genetic
variances were more important in the inheritance of
these traits. The present results are in agreement in the
reported by Ana and Staub (2002); Kamooh (2002); Al
Ballat (2008); Feyzian er al, (2009); Pradip et al.,

(2013) and Sanin et al,, (2014).
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Table 9. Analysis of combining abilitiecs and mean squares of the F; hybrids for yicld and
vield component traits

Yield and vield component traits

S.V. df. F.L.cm F.D.cm F.ShJ 1.5.5.% W.F.g No.F./P. F.Y./P.kg
Reps. S 05257 0106 63.879%* 0053 0.029 0074 2.744%
Crosses 41 284% 0.3 7% 0.274%= 0.865**  803.395** 24,198**  1.]125%*
G.C.A. <6 41.230%* 10.342%* 10.641** 9.800** 7435.883** 281.484*% (.312%*
S.C.A. 14 3.345%= 0.550** 0.304%* 1.263**  1220.231** 41.501** 1.884**

R.E. 2] 0.720** 0.127** 0.143** 0.427**  348.693**  5.743** 0.312%*
Error 82 0.08 0.043 0.048 0.019 12.825 0.800 0.072
G.C.A/S.CA. 0.848 1451 2,187 0.562 0.439 0.493 0.009

* ** Qignificant at 0.05 and 0.01 levels of probability, respectively,

5. Genetic parameters and heritability:

The relative magnitudes of genetic parameters were
estimated tor yield and vield component traits and the
obtained results are shown in Table 10. The results
showed that both additive (8°A) and non-additive
genetic variances including dominance (5°D) were
positive for all studied yield and yield component traits
except 3°A for F.Y./P.kg which were this indicated that
these variances play a role in genetic expression of yield
and yield component traits. It was found that the
magnitudes of additive genetic variance were larger than
dominance genetic variances for all studied traits except
for F.Y./Pkg trait. Thus, it could be suggest that
additive genetic variance prcdominated in the
inheritance of these yield studied traits. The results also
illustrated the importance of reciprocal variances which
were smaller than additive genetic variances. Therefore,
the cytoplasmic genetic factors also would contribute to
the genetic expression of yield and vield component
traits. In general. the heritability in broad sense (h%.%)
were higher and larger than their corresponding values
of heritabilitv in narrow sense (h’,%) for all studied
traits. The estimated values of heritability in broad sense
(h"u%) ranged from 99.006% for F.L.cm. 97.636% for

F.D.cm, 97.277% for F.Shl., 99.128% for T.S.S,
99.283% for W.F.g, 98.703% for No.F./P and 94.348%
for F.Y./Pkg. In the same time, the highest values of
12,% were 82.926% for F.Sh.L followed by 78.72% for
F.D.cm and 69.316% for F.L.em. These results are
according with the results obtained by Al-Ballat (2008);
Al-Araby, (2010); Pradip et al., (2013) and Sanin et a/.,
(2014).

6. General combining ability effects (g;) for the
parents:

The general combining ability effects (g) of the
seven parents for yield and yield component traits are
presented in Table 11.

The results revealed that the GCA effects (g;) were
computed to be positive and highly significant for
desirable parents No. P,, P; P, Ps and P, for F.L.cm;
F.Sh.L. and No.F./P. The results revealed that the GCA
effects (g;) were computed to be positive and highly
significant for desirable parent No. P, for F.D.cm;
T.S.5.% and W.F.g. At the same time, the results
revealed that the GCA effects showed undesirable
negative and highly significant values for the same
parent No. P, for F.L.cm; F.Sh.I. and No.F./P.

Table 10. The relative magnitudes of the different genetic parameters and heritability for

yicld and yicld component traits

Genetic Yield and yield component traits
parametersand  F.L.em  F.D.cm F.Sh.I T.S.S.% W.F.g No.F./P. F.Y./P.kg
heritability
§°A 5.580 1.432 1.462 1.214 887.9 34.134 -0.231
8D 2.070 0.302 0.206 0.743 721.49 24.321 1.082
8r 0.32 0.042 0.047 0.204 167.93 2.471 0.12
3 E 0.08 0.043 0.048 0.019 12.825 0.800 0.072
h’b% 99.006 97.636 97.277 99.128 99.283 98.703 94.348
h’n% 69.316 78.724 82.926 55.688 49.599 55.299 16.875

Note: Negative values were considered equal to zero during the calculation of heritability in broad and narrow senses.
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Table 11. General combining ability effects (gi) of the scven parents for yield and yiceld

component traits

Yicld and vicld component traits

Parents F.L. . Dem F.ShT T.S.S8.% W.F.¢ No.E./P. F.Y.Pkg
P, 0.894 %~ -0.408**  0.505**  -(.559%* -6.935%* 1.876%* 0.142*
P. 3,724 PP 1738 1.078%* 40.278** -6.438** 0.166*
P- 0.704*~ <0.336%*  0.382**  -0.350"*  -14.310* 1.632** -0.119
P, 1.251** -0.789**  (.794** 0297+ -15.816** 4.894** 0.142*
P: 0.299** -0.408**  0.283** -0, 131**  -15.125** 2.085** -0.119
P, -0.295** 0.568**  -0.500**  -0.916** 25.469%* -6.295%* -0.190**
P, 0.870**  -0.330**  0.332** -0.017 -13.554%* 2.25]* -0.023

L.S.D(gi).g05 0.138 0.101 0.107 0.067 1.754 0.438 0.131

L.S.D(gi).o0; 0.182 0.133 0.141 0.089 2.31 0.577 0.173

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

While, the GCA effects were found to be and positive
highly significant for desirable parent No. P only for
F.D.cm and W.F.g. While, the parents No. P,, P, and P,
were computed to be positive and desirably significant
for F.Y./P.kg.

These results indicated that the parents No. P,, P; Py,
Ps; and P-» were seemed to be the best combiners for
F.L.cm; F.Sh.I. and No.F./P. Also, the parent No. P, was
the best combiner for T.S.8.%. In the same time, the two
parents P, and P, were the best combiner for F.D.cm

and W.F.g. These results indicated that the parents No.
Py, P, and P, seemed to be the best combiners for
F.Y./P.kg. These results were in agreement with the
results obtained by Abd El-Hadi e al., (2004); Abdein
(2005); Al-Ballat (2008); Pradip et al., (2013) and Sanin
et al, (2014).

7. Specific combining ability effects (s;):

Estimates of specific combining ability effects (sj;)
of the 42 Fy,;, hybrids for yield and yield components
traits are presented in Tables 12 and 13.

Table 12. Specific combining ability effects (sij) of the 21 F; hybrids for yield and yield

component traits

Yield and yield component traits

F; hybrids F.L.cm F.D.cm F.Sh.1 T.S.8.% W.F.g No.F./P. F.Y./Pkg
P, xP, -1.037%+ 0.289 -0.691** 0.488** 12.72%* -1.537* 0.238
P, x Py 0.034 -0.163 0.091 0.017 -7.18* 3.224** -0.142
P, x P, 0.653%* 0.456* -0.178 0.369*+ -3.68 1.963* 0.095
P, x Ps 0.772** 0.408* -0.020 0.631%* -2.37 4.605** 0.357
P; x Pg 0.201 -0.568** 0.461* -0.083 31.23** -0.680 0.928**
P, xPy 1.201%* -0.163 0.405* -0.149 -9, 78** 5.105%+ 0.428
Py x Py 0.153 0.551** -0.380* 0.779** 34.61** 0.534 1,333+
P, x Py 1.605** -0.830** 0.480* 0.631** 6.44* 1.605* 0.238
P, x Py -0.442 0.456* -0416* 0.226 26.08** -0.252 0.500*

Py xPg 1.653** -1.020** 0.863** 0.178 7.32* 2.796%* 0.238
P, x Py -1.014** 0.051 -0.451* 0.445%+ 13.84* 0.582 0.404
Py x Py 1.344** 0.051 0.163 -0.506** -3.47 1.534* 0.190
P; x Ps 0.629* -0.330 0.424* 0.088 -2.49 3.010** 0.285
Py x Py 1,224%* 0.194 -0.021 0.374** 13.24** 0.891 0.357
P, x Py 0.058 0.099 -0.033 -0.061 -6.56* 1.677* 0.023
Py x Ps 0.082 0.289 -0.110 0.440** 6.34* 3.248* 0.690**
Py x Py <0.656** -0.520** 0.172 0.226 16.91** 0.963 0.428
Py x P, -0.490* 0.051 0.027 0.826** -2.40 2,748* 0.261

Py xPg -0.037 -0.235 0.078 0.155 -16.11%* 0.439 -0.309
Ps x P, 0.963** -0.330 0.471* 0.255* 1.41 -1.276 -0.142
Ps x P; 1.058** 0.694** -0.499%* 0.041 14.48** 0.605 0.595*

L.S.D.(si) 05 0.480 0.351 0.371 0.233 6.077 1.517 0.455
L.S.D.(Sp) 001 0.632 0.463 0.492 0.308 8.011 2.000 0.600

*,** Significant and highly significant at 0.05 and 0.01 probability levels, respectively .
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Table 13. Specific combining ability effects (s;) of the 21 Fy, hybrids for yield and yield

component traits

Yield and yield component traits

Fy, hybrids F.L.cm F.D.cm F.Sh.l T.8.8.% W.F.g No.F./P. FY./Pkg
P, x P, 0.167 0.333* 0.026 -1.00** 3.17 -1.500* -0.167
Pyx Py -0.333 -0.166 -0.280 -0.500%* -1.00 -1.667** -0.500%**
P;x P, -0.167 0.001 -0.021 0.167 2.67 0.001 0.001
Py x Py 0.167 0.001 0.113 =0.500** -1.000 1.667** 0.001
P, xP, -0.500* 0.166 -0.498** 0.001 -5.000 0.333 -0.167
Py x Py -0.333 0.001 -0.041 -0.500** 0.171 2.000** -0.167
P; x P, 0.001 0.001 -0.190 -0.667** 1.000 0.167 0.001
Ps x Py 0.167 0.166 0.006 0.167 -13.67** 0.333 -0.500**
Py X Py 1.000** 0.001 0.125 0.0001 5.17* 0.001 0.333
Ps x Py 1.333** 0.166 0.183 0.0001 0.173 1.167 0.001
Pex Py -0.500* -0.666** 0.698** -0.167 7.50%* .0.500 0.500**
Pex Py -1.667** 0.666** -0.570** 0.333%* -2.500 -1.000 0.167
P¢x P, 0.333 -0.166 0.105 -0.500** 23.17** -0.500 0.333
Pex Py -0.333 -0.333* 0.031 0.001 -39.33** 0.500 -0.667**
Pgx Ps 0.667** 0.001 0.433** 0.500** 9.33%* -0.500 0.001
Py x Py 0.333 0.166 -0.031 -0.333** -0.175 -2.500** -0.167
P, x P, -0.167 0.166 -0.088 -0.167 -19.67** -0.333 -0.500%**
P; xPs -0.333 -0.166 0.036 -0.963** 1.332 1.500* 0.167
P, xP, -0.333 0.001 0.186 -0.500** 1.000 -0.500 0.001
P; % Ps 0.167 0.001 0.100 0.167 -4.834 -6.000** -0.667**
P; X Pg 0.333 0.001 0.048 -0.500** -27.50** 0.167 -1.001**

L.S.D.(ry) o5 0.396 0.290 0.306 0.192 3.013 1,252 0.375
L.8.D.(r)) 001 0.522 0.382 0.404 0.253 6.609 1.650 0.495

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

The F, hybrids P, x P, and P, x P, showed highly
significant positive values of 1.605 and 1.653 for
F.L.cm, respectively. While, the Fy, (reciprocal) hybrids
Ps x P; and Ps x Ps showed highly significant positive
effects for the same trait. At the same time, the F;,
{reciprocal) hybrid Ps x P, gave the highest value
(1.000) for the same trait.

The F, hybrids P, x P; and P¢ x P, gave the largest
and significant values for F.D.cm of 0.551 and 0.694,
respectively. While, the Fy, (reciprocal) hybrid P, x P,
gave significant value of 0.666 for the same trait.

For F.Sh., the F, hybrid P, x Pg gave highly
significant value of 0.863. At the same time, the F,
(reciprocal) hybrids Ps x P; and P x Ps gave significant
values of 0.698 and 0.433 for the same ftrait,
respectively.

For T.S5.5.%, the F, hybrids P, x P; and P, x P; gave
highly significant values of 0.779 and 0.826,
respectively. At the same time, the F). (reciprocal)
hybrids Ps x P, and Pg x Ps gave values of 0.333 and
0.500 for the same trait, respectively.

For W.F.g., the F, hybrids P, x Ps and P, x P; gave
highly significant values of 31.23 and 34.61. At the
same time, the Fy, (reciprocal) hybrids P¢ x P; and Pg %
Ps gave highly significant values of 23.17 and 9.33 for
the same trait.

For No.F./P., the F, hybrids Ps x P; and P x Ps gave
highly significant values of 4.605 and 5.105,
respectively, At the same time, the Fy (reciprocal)
hybrids P4 x P, and P4 x P; gave highly significant
values for the same trait.

The F; hybrids P, x Pg and P, x P; gave highly
significant values of 0.928 and 1.333 for F.Y./P.kg.,
respectively. At the same time, the F,, (reciprocal)
hybrids Ps x P; and P¢ x P, gave unsignificant value of
0.333 for the same trait,

In general, the hybrids exhibited variable effects for
SCA and therefore showed different mode of action in
the manifestation of heterosis. At the same time, the
results showed variable effect in the inheritance of the
studied traits. These results were in agreement with the
results that obtained by Al-Araby, (2010); Pradip e al.,
{2013) and Sanin et al., (2014).
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