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ABSTRACT 
A one-way diallel cross among five common wheat 

genotypes were evaluated in F1 at Etay El-Baroud 
Agricultural Research Station during 2005/2006 and 
2006/2007 seasons to study some genetical parameters. 
Mean squares of genotypes were highly significant for all 
characters in F1. Parents vs crosses mean squares, as an 
indication to average heterosis overall crosses, were found 
to be highly significant for number of spikes/ plant, 
number of grains/spike and 1000-kernel weight. (GCA) 
and (SCA) mean squares were highly significant for all 
studied traits. Also, GCA/SCA variance ratio were found 
to be greater than unity for all traits except grain yield 
/plant. The additive variance (D) was significant for all 
studied traits except number of kernels/ spike and grain 
yield/ plant. Dominance components of variation (H1) and 
the dominance effects associated with gene distribution 
(H2) were highly significant and greater than (D), for all 
characters. The overall dominance effects of heterozygous 
(h2) were significant for number of spikes/plant and 
number of kernels/ spike. The covariance of additive and 
dominance (F) was significant for heading and maturity 
dates. (H1/D) ½ showed the presence of overdominance for 
most traits. Low heritability narrow sense values were 
detected for all characters. Therefore, selection would be 
more effective in postponed to the advanced generations. 

Key words: General combining ability, Specific 
combining ability, Heterosis, Heritability and Genetic 
components. 

INTRODUCTION 

Wheat (Triticum aestivum L.) is considered one of 
the most strategic food crops in Egypt .The annual 
consumption of wheat is about 12.4 million tons, while 
the annual local production is about 8.2 million tons.  
Efforts of scientists to minimize the gap between local 
production and consumption are directed towards two 
ways i.e., expanding the cultivated wheat area and 
increasing the wheat productivity from the land unit 
area. 

The main goal of the Egyptian National Wheat 
program is to develop high yielding cultivars. This 
could be achieved through, genetic studies of heterosis, 
combining ability and genetic variation components for 
wheat genotypes to select promising lines from good 
crosses .Breeders of self pollinated crops are confronted 
by two major problems: the first, is identifying the best 
parental combinations that will result in the highest 

percentage of desirable progeny, and the second 
effective selection in early generations. Creating genetic 
variability and identifying the most promising parental 
combinations is a difficult task due to the large amount 
of available germplasm. This is particularly true when 
attempting to improve quantitative traits such as grain 
yield where many genes are involved and 
environmental influence is present (Mather and Jinks, 
1971). 

In a self pollinated crop like wheat, utilization of 
heterosis depends mainly upon its direction and 
magnitude. The heterosis over better parent may be 
useful in identifying true heterotic hybrid combinations 
but these hybrids can be of immense practical value if 
they show the best cultivars of the area (Prassed et al., 
1998). Exploitation of heterosis depends mainly on 
general and specific combining abilities of genotypes in 
the hybrids. 

The diallel analysis provides very useful 
information to plant breeders in making decisions 
concerning the type of breeding system and selecting 
promising breeding materials that shows. In this respect, 
additive and dominance gene effects are important for 
controlling the genetic system of economic characters. 

The objectives of the study are: 

1. To show heterosis for the studied characters. 

2. Estimate the magnitude of both general and specific 
combining ability for these characters. 

3. To study the gene action and the importance which 
should be given to these materials.  

MATERIALS AND METHODS 

This investigation was carried out at Etay El 
Baroud Agric. Res. Station ,during the two successive 
seasons of 2005/2006 and 2006/2007. Five divergent 
origin common wheat cultivars and lines (Triticum 
aestivum L.em Thell) were chosen for this study Table 
(1). 

In 2005/2006 season, grains from each of the 
parental genotypes were sown at various dates in order 
to overcome the differences in time of flowering during 
this season. All possible cross combinations were made 
among the five genotypes, without reciprocals, to obtain 
F1 seeds of ten hybrids. In 2006/2007 season, the 
parental genotypes and their ten hybrids were sown on 
November 15th in a randomized complete block design  
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Table 1.  Name and pedigree of five parental bread wheat genotypes: 

Pedigree Name No. 
ALD/CEP75630//CEP75234 Line

 
P1 

MRL/BUC//Seri Giza 168 P2 

Sakha92/TR810328s Sakha93 P3 

HD2172/Pavon s /1158.571Maya 74s Sids1 P4 

SARA//JUP/BJY/3/KAVZ/4BABAX/5/FRTL Line 

 
P5 

with three replications. Each plot consisted of two rows 
of each parent and F1. Each row was three meters long 
and 30cm apart .Plants within row  were 20cm apart. 
Dry method of planting was used. The other wheat 
growing cultural practices were properly practiced as 
recommended. Data for the following characters were 
recorded on 10 individual guarded plants, taken at 
random from each plot for F1 and parents. The recorded 
characters were heading date (day), maturity date (day), 
number of spikes/plant, number of kernels /spike, 1000-
kernel weight (g) and grain yield /plant (g) were 
recorded. Heterosis (H), according to the formula 
adopted by Bhatt (1971) as follow: Heterosis % over 
better parent value (Bp) = [F1-Bp/ Bp] ×100. 
Differences between the parental genotypes and their F1 

hybrids were tested for significance using the L.S.D. 
values test at 0.05 and 0.01 levels of probability. 
Estimates of both general and specific combining 
abilities were calculated according to Griffing (1956), 
method 2, model 1. The diallel analysis, described by 
Hayman (1954 a and b) and Mather and Jinks (1971), 
was performed. The analysis involved the computation 
of parents variance (VOLO=vp), variance of the 
components of each array (Vr) and covariance of the 
parents with their offspring in each array (Wr). The 
estimated genetic components under this model are: 
component of variation due to additive effects (D), the 
covariance of dominance and additive in a single array 
(F), the component of variation due to dominance 
effects (H1), and a dominance measure indicating a 
symmetry of positive and negative effects of genes (H2). 
These components were used for computation the 
genetic parameters according to Mather and Jinks 
(1971). 

RESULTS AND DISCUSSIONS 

Analysis of variance for heading date, maturity 
date, number of spikes/plant ,number of 
kernels/spike,1000 kernel weight  and  grain yield/ plant 
are presented in Table (2).Test of significance indicated 
that the mean squares of genotypes were highly 
significant for all traits in F1 generation. The 
significance of the mean squares indicated the presence 
of true differences among these genotypes. Mean 
squares due to parents, general combining ability and 
specific combining ability for crosses were significant 

for all studied traits. These findings indicate that 
parental varieties and /or lines differed in their mean 
performance for most of the tested traits. The mean 
performance of the five parental and ten F1 genotypes of 
wheat are presented in Table (3). The parental line (P1) 
ranked the first for grain yield/ plant and the second for 
maturity date and 1000-kernel weight. The parental 
cultivar Giza 168 (P2) ranked the first for number of 
spikes/ plant and number of kernels/ spike, and the 
second for grain yield/ plant. The parental cultivar 
Sakha 93 (P3) ranked the first for heading and maturity 
dates, and the fourth for number of spikes/ plant, 1000-
kernel weight and grain yield/ plant. The parental 
cultivar Sids1 (P4) ranked as the latest for earliness 
(heading and maturity dates), while it ranked first for 
1000-kernel weight, second for number of spikes/ plant, 
number of kernels/ spike and, third for grain yield/ 
plant. The parental line (P5) ranked the third for number 
of spikes/ plant, number of kernels/ spike and 1000-
kernel weight, and fifth for grain yield/ plant. 

Performance of the tested ten crosses in F1 

generation are presented in Table (3). For heading date 
in F1 generation, (P2×P5) cross was the earliest (87.33 
days), while the latest crosses were (P1×P2), (P1×P3) and 
(P1×P4) with values of 100.67, 100.17and 100.83 days, 
respectively. These results agree with those reported by 
Ehdaie and Waines (1996), Menshawy (2007a) and 
Shehab Eldeen (2008). Maturity date, was insignificant 
for all crosses.  There were significant differences 
between the number of spikes/ plant in F1 generation. In 
this generation, the (P2×P4) cross produced the highest 
number of spikes/ plant (14.43) followed by the (P1×P2) 
and (P3×P4) crosses, while (P1×P5) and (P1×P4) 
produced the lowest number of spikes/ plant (12.23 and 
12.37 spikes, respectively).  

The (P4×P5) cross had the highest number of 
kernels/ spike (53.83). However,   the lowest cross in 
this trait was (P1×P5) in F1 generation (44.83).  

For 1000-kernel weight, (P1×P3) cross had the 
heaviest grains (51.03g). Conversely, (P1×P5) cross 
produced the lightest grains where its 1000-kernel 
weight was (45.33 g).  

(P4×P5) had the highest grain yield/ plant in the F1 

generation (32.86g) and the lowest cross in this trait 
was (P3×P5) in this generation (23g). 
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Heterosis effects:  

The heterosis values over better parent for the six 
characters are given in Table (4). The degree of 
expression of heterosis was different among characters. 
For heading date, heterosis over better parent  ranged 
from 11.2% in (P2×P3) cross to-8.01% in (P2×P5). 
Significant heterosis relative to better parent for this 
trait was obtained in six crosses out of ten crosses. 
These results agree with those reported by El-Borhamy 
(2000), Ashoush et al. (2001), Safan (2001), Darwish 
(2003), Darwish et al. (2006) and Shehab Eldeen 
(2008). With regard to maturity date, the better parent 
heterosis was negative and significant in (P1×P2), 
(P2×P3), (P2×P4) and (P2×P5) crosses where the heterosis 
values were positive or insignificant. Relative to better 
parent, heterosis for maturity date ranged from 0.78 % 
in (P1×P4) and (P1×P5) crosses to-14.17 % in (P2×P4). 
Concerning number of spikes/ plant, all studied crosses 
exhibited significant negative heterosis except for 
(P1×P2) cross which was significant and positive. The 
heterosis values of these crosses over better parent 
ranged from 1.43% for cross (P1×P2) to-11.24% for 
cross (P1×P4).These results agree with those reported by 
Abdel-Wahed (2001), Ashoush et al. (2001), Safan 
(2001), Darwish (2003), El Sayed and Moshref (2005) 
and Darwish et al.(2006).   

For number of kernels/ spike, six crosses exhibited 
positive and significant relative to based on better 
parent. Heterosis ranged from- 1.10% for cross (P1×P5) 
to 14.13%for cross (P4×P5). These results agree with 
Abdel-Wahed (2001), Safan (2001), Darwish (2003), 
El Sayed and Moshref (2005), Darwish et al. (2006) 
and Yahya (2008). For 1000-kernel weight, five crosses 
exhibited positive and significant heterosis based on 
better parent .The heterosis values of these crosses 
ranged from 0.76 % for cross (P4×P5) to 9.94% for 
cross (P2×P3). For grain yield/ plant, three crosses out of 
ten exhibited positive and highly significant heterosis. 
The heterosis values ranged from -13.54 % for cross 
(P3×P4) to 30.50 % for cross (P4×P5). These results are 
in agreement with those reported by Abdel-Wahed 
(2001), Darwish (2003), El-Sayed and Moshref (2005) 
and Darwish et al. (2006). 

Combining ability effects: 

Table (2) shows the analysis of variance of general 
combining ability (GCA) and specific combining ability 
(SCA). Mean squares values for both (GCA) and (SCA) 
were found to be significant or highly significant for the 
studied traits in F1 generation, which could indicate the 
importance of both additive and non-additive genetic 
variance in determining the performance of all studied 
characters. Also, GCA/SCA variance ratio were found 

to be greater than unity for all studied traits except grain 
yield/ plant, indicating that additive and additive × 
additive types of gene action were more important in 
the inheritance of all characters studied. The presence of 
both additive and non-additive gene action would 
suggest that breeding procedures which are known to be 
effective in shifting gene frequency, when both additive 
and non-additive genetic variances are involved, would 
be successful in improving all traits under investigation. 
The obtained results are in harmony with those 
previously reached by Ashoush et al. (2001), Darwish 
(2003) and Darwish et al. (2006).                                                                

General Combining Ability effects (GCA): 

Estimates of general combining ability effects for 
parents are presented in Table (5). Results indicated that 
the parental line (P1) showed significant positive 
combining ability effects for heading date, 1000-kernel 
weight and grain yield/ plant proving to be a good 
combiner for grain yield/ plant and its kernel weight 
component. The cultivar Giza 168 (P2) exhibited high 
significant negative general combining ability effects 
for heading date, maturity date and 1000-kernal weight. 
However, this cultivar (P2) recorded high significant 
positive general combining ability effects for number of 
spikes/ plant and grain yield/ plant. Data thus indicated 
that Giza 168 cultivar is a good combiner for earliness 
measurements and grain yield /plant, although it 
produced lighter grains. Sakha 93 cultivar (P3) showed 
high significant negative general combining ability 
effects for heading date, maturity date, number of 
spikes/ plant, number of kernels/ spike and grain yield/ 
pant. Data indicate that Sakha 93 is a good combiner for 
earliness measurements. With regard to Sids 1 cultivar 
(P4), results showed high significant positive general 
combining ability effects for heading date, number of 
spikes/ plant, number of kernels/ spike and 1000-kernel 
weight. These data indicated that Sids1 is a good 
combiner for yield components. The parental line (P5) 
showed significant positive general combining ability 
only for maturity date, however, this parental line (P5) 
recorded high significant negative general combining 
ability effects for number of spikes/ plant, 1000-kernel 
weight and grain yield/ plant. It could be concluded that 
the mean performance of the parental lines and cultivars 
could be considered as good indication of their general 
combining ability effects for most traits under 
investigation. These results are in agreement with those 
reported by Ashoush et al. (2001), Dreisigacker et al. 
(2005), El Sayed and Moshref (2005), Salem Nagwa 
and Abd El Dayem. (2006) and Yahya (2008). 

Specific Combining Ability effects (SCA):-  

Specific combining ability effects (SCA) for all  
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crosses with respect to the studied traits are given in 
Table (6). For heading date, four crosses (P1×P4), 
(P1×P5), (P2×P5) and (P4×P5) exhibited significant 
negative specific combining ability effects. The 
remaining crosses gave positive significant or 
insignificant ( ij) effects. The (P2×P5) cross showed the 
highest desirable ( ij) value for this trait. Similar results 
were obtained by El-Sayed et al. (2000), Hamada 
(2003), Abd El-Majeed et al (2004), Dreisigacker et al. 
(2005), El-Marakby et al. (2007) and Yahya (2008). For 
maturity date, all crosses showed insignificant SCA 
values except the (P4×P5) cross which had significant 
negative (SCA) effect. Hence, it could be concluded 
that this cross is valuable in breeding for earliness. 
Moreover, the cross (P1×P3) had significant positive 
effect for this trait.   

With regard to number of spikes/ plant, four 
crosses (P1×P2), (P1×P3), (P2×P4) and (P3×P4), in the F1 

generation, exhibited significant positive effects. The 
remaining crosses gave significant negative or 
insignificant ( ij) effects. These results agree with 
Ashoush et al.(2001), Darwish(2003), El-Sayed and 
Moshref (2005), Ashoush (2006), Darwish et al. (2006), 
Salem Nagwa and Abd El Dayem. (2006) and Yahya 
(2008). Concerning number of kernels/ spike, four 
crosses (P1×P2), (P1×P3), (P3×P4) and (P4×P5), exhibited 
significant positive ( ij) effects. Also, these crosses 
previously exhibited significant useful heterosis for this 
trait.  These results agree with those found by Abdel-
Wahed (2001), Ashoush et al. (2001), Safan (2001), El-
Sayed and Moshref (2005) and Ashoush (2006). For 
1000-kernel weight, four crosses (P1×P3), (P2×P3), 
(P2×P5) and (P3×P5) exhibited significant positive ( ij) 
effects. The parents P1 and P2 were found to be the best 
combiners for this trait, therefore the hybrids 
combinations (P1×P3), (P2×P3) and (P2×P5) could be of 
particular importance in a breeding program for 
developing either hybrid wheat or pure lines with heavy 
grains since they surpassed the best performing parents 
for 1000-grain weight. Similar results were obtained by 
El-Sayed et al. (2000), Ashoush et al.(2001), Hamada 
(2003), Abd El-Majeed et al. (2004), Nadia (2005), 
Ashoush (2006), Darwish et al. (2006), Salem Nagwa 
and Abd El Dayem. (2006) and Yahya (2008). For grain 
yield/ plant, four crosses (P1×P5), (P2×P3), (P2×P5) and 
(P4×P5) exhibited significantly positive specific 
combining ability effects. Hence these crosses are 
considered to be promising hybrids for varietal 
improvement purpose where they showed high 
significant positive values of specific combining ability 
effects and involved two general combiner parents 
(P1and P2). In such hybrids, it could be expected that 
diverse genes contributing to the better general 

combining ability effects of the parents are available in 
the hybrids and in the segregating generation. These 
results agree with those found by El-Sayed et al. (2000), 
Ashoush et al. (2001), Hamada (2003), Abd El-Majeed 
et al. (2004), El Sayed (2004), El-Sayed and Moshref 
(2005), Nadia (2005), Salem Nagwa and Abd Dayem. 
(2006) and Yahya (2008).  

The obtained results concerning general and 
specific combining ability effects would indicate that 
the excellent hybrid combinations were obtained from 
the two possible combinations between the parents of 
high and low general combining ability effects i.e., high  

high, high  low and low  low. It could be 
concluded that general combining ability effects were 
generally unrelated to the specific combining ability of 
their respective crosses. This conclusion was also drawn 
by Darwish (2003), Ashoush (2006), Darwish et al. 
(2006) and El-Marakby et al. (2007).    

Genetic Components and heritability :- 

Data presented in Table (7) revealed that the 
additive component values (D) were significant for all 
traits, except number of kernels/ spike and grain yield/ 
plant in F1 generation. These results indicated that the 
additive gene effects played a major role in the 
inheritance of most of the studied traits. A dominance 
component of variation (H1), also, was highly 
significant and greater than (D) for all traits. The 
component of variation due to dominance effects 
associated with gene distribution (H2) was highly 
significant and greater than (D) for all traits. All (H2) 
values were smaller than (H1) values for all traits, 
indicating that dominance gene effects played a major 
role in the genetic systems controlling these characters. 
The overall dominance effects of heterozygous loci (h2) 
were insignificant for all traits, except for number of 
spikes/plant and number of kernels/spike in the F1 

generation indicating that dominance was 
unidirectional. These results are in agreement with those 
obtained by Mostafa (2002), Ashoush (2006), Darwish 
et al. (2006) and Seleem (2006). 

The covariance of additive and dominance (F) was 
not significant for all traits in F1 except heading and 
maturity dates. It could be generally concluded that the 
presence of equality of the relative frequencies for 
dominant and recessive alleles in the studied parents for 
all traits. These findings were in line with those reached 
by Ashoush (2006).  

The relative size of (D) and (H1) estimated as 
(H1/D)½ can be used as a weight measure for the 
average degree of dominance at each locus. Data in 
Table (7) showed the presence of overdominance for 
most traits. 
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Similar results were obtained by Ashoush (2006) 

and Darwish et al. (2006). 

The mean values of (U and V) over all loci (H2/4H1) 
were slightly below the maximum value of 0.25, which 
arises when U=V=0.5 over all loci, indicating that the 
positive and negative alleles were not equally 
distributed among the parents for all traits.  

The ratio KD/KR={(4DH1)
½+F}/{(4DH1)

½-F} were 
more than unity for all traits, except for number of 
spikes/ plant and number of kernels/spike where the 
ratio was less than unity, suggesting that recessive 
genes were excessive for these traits.   

Heritability estimates in narrow sense for all traits 
are given in Table (7). Low heritability values in narrow 
sense were detected for all traits, indicating that genetic 
variance may be due to non-additive genetic effects. 
This finding is supported by the previous results of 
genetic components where the (H1) estimates were 
found to have a great role in these traits. The results 
were in agreement with those obtained by Mostafa 
(2002), El-Sayed (2004), Ashoush (2006) and Darwish 
et al. (2006).  
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