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Six diallel crosses among four different genotypes of bread wheat were resulted by half-diallel scheme 
and evaluated at the Agricultural Experiments and Research Station, Faculty of Agriculture, Cairo 
University, Giza Governorate, Egypt during 2014/2015 and 2015/2016 seasons. The objectives of the 
current study were, identify the mode of gene action in the inheritance, combining ability effects and 
heterosis for studied traits. Genotypic differences were found in all studied traits among parents, crosses 
and parents vs. crosses. The mean performance of the parental means showed that Kharchia (P3) 
exhibited the tallest plant, the highest no of spike/plant and ranked the second for biological yield/plant. 
L-41 (P2) was the highest for grain yield/plant, biological yield/plant and ranked the second for spike 
no./plant and kernel no./spike, while it was the shortness, and lowest seed index. Sahel1 ranked the first 
for no. of kernel/spike and seed index, meanwhile it ranked the second in grain yield/plant. In respect to 
cross mean performance the cross, combinations L-29 X Kharchia and L-41 X Kharchia showed the 
highest means of F1 crosses for all studied traits. Four crosses combinations L-29 X Kharchia, L-41 X 
Kharchia, L-41 X Sahel1 and Sahel1 X Kharchia showed significant desirable heterosis and 
heterobeltiosis for all studied traits. It is interesting to mention that the high positive heterosis and 
heterbeltiosis in grain yield/plant was associated with high positive heterosis and heterobeltiosis in no. of 
spikes/plant (r=0.83), kernel no./spike(r=0.89)and biological yield/plant (r=0.95). The crosses showing 
the best heterosis and heterobeltiosis could be recommended to improve the respective traits. Both 
general (GCA) and specific (SCA) combining ability variances were significant for most studied traits, 
indicating the importance roll of additive and non-additive genetic variances in determining the 
performance of these traits. The best general combiners were L-41 and Kharchia for grain yield/plant 
and Kharchia for no. of spikes/plant. The best F1 crosses in SCA effects for most of studied traits were 
L-29 X Kharchia and L-41 X Sahel1. The predominance of non-additive type of gene actions, as well as 
over-dominant inheritance for most traits in bread wheat, clearly showed that selection in early 
generation might not be useful. Therefore, for the improvement of these traits of wheat, selection of 
superior plants should be delayed through later generations. 

Keywords: Bread wheat, Triticum aestivum L, Heterobeltiosis, Grain yield and its components. 

 
INTRODUCTION 

Wheat is one of the most important cereal 
crop widespread, cultivated crops in the world. 
Moreover, through the last 20 years, the global 

wheat acreage varied between 207 and 227 
million hectares (Ljubicic, et al, 2014). 

Nowadays, Egypt facing a greatest problem 
with the shortage in the available water and 

http://www.isisn.org/
mailto:maboudthefirst@agr.cu.edu.eg


Shrief et al.                                            Heterosis, Gene Action and Combining Ability in Wheat Crosses 

 

    Bioscience Research, 2017 volume 14(4): 1204-1215                                                             1205 

 

applicable land for wheat production, at the same 
time it has been predicted that the population 
would rise dramatically to high level (Cosgrove 
and Rijsberman, 2000 and Abd El-Mohsen et al, 
2015).The wheat breeders have to share an 
urgent need to increase wheat grain yield 
potential by developing new wheat varieties with 
desirable genetic (Erkul et al, 2010). Therefore, 
the development of high yielding wheat cultivars 
by crossing the lines with good general combining 
ability and selecting desirable genotypes within its 
segregating population consider one of the most 
tasks in wheat breeding program (Ljubicic et al, 
2017). Grain yield is a complex polygenic trait 
obtained through many quantitative traits each 
participated by small effects. Therefore, by 
improving direct and indirect these traits (number 
of spikelet, number of fertile spikelet, number of 
grains per spike and spike length) (Ijaz and Kashif 
2013), grain yield can be improved (Zečević et al, 
2005). This could be achieved by exploring 
maximum genetic potential of wheat by crossing 
good general combining lines for grain yield and 
its components and selection across 
transgressive segregates from the obtained cross 
(Nataša et al, 2017). 

To start any successful breeding program, 
information related to GCA and SCA combining 
ability of wheat genotypes is prerequisite. The 
information concerning GCA and SCA help in 
classifying the parents in terms of their cross 
performance and in obtaining more understanding 
about the nature of quantitatively inherited traits 
(Ahmed et al, 2011). Moreover, information 
regarding gene action governing yield and its 
components could be useful in designing wheat-
breeding program. For genetic studies, numerous 
workers had used different biometrical methods 
amongst them the methods of Griffing (1956), 
Hayman (1954) and Mather and Jinks (1971) had 
been used frequently until now. By using diallel 
scheme the combining abilities, gene actions and 
the nature of inheritance for grain yield and its 
components have been investigated (Nazir et al, 
2014, Yao et al, 2014 , Kumar et al, 2015 and 
Shehzad et al, 2015). Genetic analysis by the 
previous mentioned biometrical methods for the 
economic traits in wheat revealed different pattern 
of inheritance. The significant and the important 
roll of GCA and SCA for most studied traits were 
detected (Ahmadi et al, 2003, Joshi et al, 2003, 
Mavi et al, 2003, Ahmad et al, 2011 Kohan and 
Heidari, 2014 and Yao et al, 2014).The 
predominance of non-additive gene effects in the 
inheritance of grain yield/plant and its components 

was detected by Ahmad et al. (2011), also, partial 
dominance was detected by Kohan and Heidari 
(2014). On the other hand, the predominance of 
additive effects with partial dominance gene 
effects of the majority of genetic variances for 
plant height, 100 grains weight and grain yield 
was reported by Farook et al. (2011) and Shehzad 
et al. (2015). 

The main objectives of the present study were 
to use diallel-mating design in order to identify the 
best combiners and their crosses based on their 
general and specific combining ability for grain 
yield and its components. Also, recognized the 
gene system of inheritance for the studied traits. 

 
MATERIALS AND METHODS 

Plant materials and experimental design 
The current investigation was conducted  at 

the Agricultural Experiments and Research 
Station, Faculty of Agriculture, Cairo University, 
Giza Governorate, Egypt (30º 02' N latitude and 
31º 13' longitude with an altitude of 22.50 meters 
above sea level), during two successive growing 
seasons 2014/2015 and 2015/2016. 

The F1 diallel crosses 
In the first season and during 2014/2015 the 

four bread wheat (Triticum aestivum L.) genotypes 
(L-29, L-41, Sahel1, and Kharchia) were crossed 
in a half-diallel design (excluding reciprocals 
because the reciprocal differences are not 
significant in wheat), so seeds of 6 direct F1 
crosses were obtained. The description of studied 
genotypes is presented in Table (1).  

Evaluation of parents and F1's  
During 2015/2016, growing season a field 

experiment was carried out to evaluate the six F1 
crosses and their four parents. The planting date 
was on 21

th
 of November 2015. A randomized 

completely block design with three replications 
was used. The experimental unit consisted of one 
row, 3 m long and 0.30 m apart. Plants were 
spaced 0.15 m within a row forming 20 plants per 
row. The mechanical analysis of experimental soil 
presented that the texture of the soil was clay with 
the following distribution 39.1% clay, 30.3% silt 
and 30.6% sand. All cultural practices, fertilization 
and irrigation were performed according to the 
recommendations for wheat production. 
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Table 1. The name, pedigree of the four 
genotypes of wheat used as parents in this 
study. 

No. Genotypes Pedigree origin* 

P1 L-29 Milan/Kans/Primia/ 
3/Bau92 

Yemen 

P2 L-41 Tacupeto 
Fzool/Bramb 
Ling*2/Kach4 

Yemen 

P3 Sahel1 NS732/PIMA/VEE#5 Egypt 

P4 Kharchia KHLC*5/EG953 India 

*Source: Plant Genetic Resources Research 

Department (Bahteem Gene Bank), FCRI, ARC, Egypt 

Data recorded 
The following traits recorded on ten individual 

guarded plants per plot from parents and their F1 
progenies:  

1. Plant height (PH) in cm.   
2. Number of spikes/plant (S/P).  
3. Number of kernels/spike (K/S).   
4. Grain yield/plant (GY/P) in g. 
5. Biological yield/plant (BY/P) in g.  
6. Seed index, 1000 seed weight (SI) 

Biometrical and genetic analyses 
The collected data were subjected to the 

analysis of variance of the randomized completely 
block design according to Snedecor and Cochran 
(1989). Genotypes sum of square and degrees of 
freedom were partitioned into parents, crosses 
and parents vs. crosses. Percentages of the F1 
mean relative to mid-parent (heterosis) and better 
parent mean (heterobeltiosis) calculated as 
follows:  

Heterosis (%) =
100.

PM

)PMF( 1 

             

Heterobeltiosis (%) =

100.
PB

)PBF( 1 

 

 Where: 1F
 = mean of the F1 cross over 

replications, PM = average of the two parent over 

replications and PB  = mean of the better parent 
over replications.  
GCA and SCA combining ability variances and 
effects were calculated according to the method of 
Griffing (1956) Method II Model I for diallel 
analysis using MSTAT-C (Freed et al, 1989) and 
SPSS (2009) software. The components of 
genetic variance and regression analysis were 
calculated according to Hayman (1954). 
 
 

RESULTS AND DISCUSSION 

Analysis of variance 
Analysis of variance for studied traits of 10 

genotypes (4 parents + 6 F1 crosses) is presented 
in Table (2). Results indicated that mean squares 
due to genotypes (G) were highly significant for all 
studied traits. Therefore, these differences 
suggested that improving of such traits is possible 
via breeding procedures. Portioning  analysis of 
variance of genotypes into parents, F1 crosses 
and parents vs. crosses indicated that except 
mean squares due to parents for biological 
yield/plant the mean squares of each were 
significant (P ≤ 0.05) or highly significant (P≤ 0.01) 
for all studied traits. These results exhibited 
greatest genotypic variations between parents, 
crosses and the significant mean squares due to 
parents vs. F1 has indicated highly significant for 
heterosis (Abd El-Aty and El-Borhamy, 2007 and 
El-Nagger, 2010). 

Combining ability analysis 
Analysis of variance of GCA and SCA 

combining ability for the all studied traits was 
presented in Table 2. Results showed that, except 
GCA for seed index (SI) which was insignificant, 
highly significant estimates of GCA and SCA 
mean squares for all studied traits were detected 
(Farook et al, 2006 and Hussain et al, 2008).  

Results in Table 2, showed that the ratio of 
GCA/SCA exceeded the unity for the three traits 
plant height, spike no./plant and kernel no. spike 
meaning that mean squares due to GCA was 
higher than that due to SCA, suggesting that 
additive was more important than non-additive 
gene effects in the inheritance of these traits. 
Similar results of importance roll of GCA over 
SCA variance (Kakani et al, 2007 and Singh et al., 
2013). On the contrary, for the other three traits 
grain yield/plant, biological yield/plant and seed 
index the mean squares due to SCA was much 
higher than that due to GCA, since the ratio of 
GCA/SCA was less the unity, suggesting that non-
additive was more important than additive gene 
effects in the inheritance of these traits. Similar 
results of the importance roll of SCA over GCA 
variance were obtained by Ciulca et al (2009), El-
Naggar (2010) and Ljubicic et al. (2017). 
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Table 2. Analysis of variance for studied traits of 10 bread wheat genotypes

S.O.V. df PH S/P K/S GY/P BY/P SI 

Replicate 2 2.23
ns

 0.95
ns

 0.54
ns

 1.03
ns

 1.54
ns

 9.96
ns

 

Genotypes G) 9 473.45
**
 13.19

**
 127.77

**
 67.07

**
 371.70

**
 69.92

**
 

Parents (P) 3 669.28
**
 5.84

**
 340.01

**
 8.04

**
 48.08

ns
 18.40

*
 

Crosses (C ) 5 422.94
**
 11.80

**
 21.34

**
 47.90

**
 390.15

**
 29.50

**
 

P Vs. C 1 138.51
**
 42.22

**
 23.26

*
 340.07

**
 1250.31

**
 426.58

**
 

GCA 3 1281.05
**
 16.52

**
 207.29

**
 12.95

**
 226.61

**
 1.94

ns
 

SCA 6 69.65
**
 11.53

**
 88.02

**
 94.14

**
 444.24

**
 103.91

**
 

GCA/SAC  18.39 1.43 2.36 0.14 0.51 0.02 

*,** = significant at 0.05 and 0.01, probability levels, respectively. PH =plant height, S/P = number of 
spikes per plant, K/S = number of kernels per spike, GY/P = grain yield/plant, BY/P= biological yield/plant 
and SI=seed index 

Mean performance 
The means of the different studied traits of the 

four parental bread wheat genotypes and their six 
diallel F1 crosses are presented in Table 3. 
Concerning the mean performance of the parents, 
Kharchia (P4) exhibited the highest mean of plant 
height and no. of spike/plant, L-41 (P2) showed 
the highest value for grain yield/plant and 
biological yield/plant, and the second in the no. of 
kernel/spike. The highest parental means of seed 
index was recorded by L-29 (P1), Sahel1 (P3) was 
the highest parents for kernel no. /spike, and seed 
index and it ranked the second in grain yield/plant. 
However, the lowest means were recorded by L-
29 (P1) for plant height, spike no. plant, grain 
yield/plant and biological yield/plant. It is worth 
noting that L-29 (P1) exhibited the lowest grain 
yield/plant that could be attributable to the low 
number of spikes/plant (5.71). Data in Table 3 
indicated great significant genotypic differences 
for all studied characteristics. The F1's were 
generally higher than parents for all studied traits 
except kernel no./spike. This indicated the 
superiority of heterozygote over homozygote in 
bread wheat performance (Ashoush et al, 2001 
and Nataša et al, 2017). Concerning the mean-
performance of the F1 cross combinations it is 
worthy to not, the highest means values for all 
studied traits of  F1 crosses were exhibited by L-
29 x Kharchia (P1xP4) and L-41 x Kharchia 
(P2xP4). While, Sahel1 x Kharchia (P3xP4) was 
the highest means for plant height, and kernel 
no./spike, meanwhile the cross combination L-41 
x Sahel1(P2xP3) exhibited the highest value for 
seed index. Percentages of heterosis relative to 
mid-parent and better parent (heterosis or 
heterobeltiosis) in F1’s for studied traits are 
presented in Table (4). In respect to plant height, 

the data in Table (4) showed that all crosses 
exhibited different degree of heterosis than either 
mid-parent or the shortest parent (favor). As 
compared to mid parent, heterosis four crosses 
exhibited significant heterosis values it ranged 
between-5.77 for P1xP3 to 9.02% for P2 x P4. 
Concerning the heterobeltiosis the same four 
cross combinations exhibited highly significant 
values as compared to the shortest parent, the 
degree of heterbeltiosis ranged between 0.32 to 
30.165% for P1xP3 and P2xP4.  For no. of 
spike/plant four cross combinations exhibited 
significant values of heterosis it ranged between 
11.83 (P1xP2) to 67.33 (P1 x P4), three  crosses 
showed significant positive  heterobeltiosis for no. 
of spike/plant, it ranged between 3.44 to 39.% for 
P3xP4 and P1xP4, respectively. The F1 heterosis 
for no. of kernel/spike ranged between -14.56 to 
50.47% for P2 x P3 and P1 x P4 respectively, 
meanwhile, heterobeltiosis ranged between -
24.03 (P1 xP2 ) to 28.68% (P1xP4 ). Significant 
positive  F1 heterosis for seed yield /plant was 
detected in all cross combinations, the heterosis 
values ranged between 26.54 to 203.66% for 
cross combinations (P1 x P2)  and (P1 x P4) 
respectively,  also, four cross combinations 
exhibited significant positive heterobeltiosis 
values, it ranged between 3.63(P1x P2) to 
185.85% ( P1 x P4). 

Heterosis and heterobeltiosis 
Concerning biological yield/plant Table (4) 

four crosses showed significant positive heterosis 
and heterobeltiosis, the heterosis values ranged 
between 0.27 to 95.95% for crosses (P1x P2) and 
(P1xP4) respectively, also, the heterobeltiosis 
ranged between -12.81 to 77.39% for (P1 x P2) 
and( P1 x P4), respectively. 
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       Table 3. Mean performance of studied traits in bread wheat parents and their F1 crosses. 

Genotypes  PH S/P K/S GY/P BY/P SI 

P1 82.23
d 

5.71
c
 30.33

f 
6.44

f
 26.53

d
 41.17

de 

P2 82.00
d 

6.84
c
 41.78

ab
 10.10

d
 35.90

c
 36.03

f
 

P3 92.87
c 

5.49
c
 44.60

a
 8.93

de
 29.83

cd
 41.13

de
 

P4 113.80
a 

8.54
b
 21.55

g
 7.30

ef
 32.73

cd
 40.57

e
 

P1 x P2 84.60
d
 7.01

c
 31.74

ef
 10.47

d
 31.30

cd
 47.27

bc
 

P1 x P3 82.50
d 

7.01
c
 37.30

cd
 11.03

d
 30.27

cd
 43.97

cd
 

P1 x P4 104.90
b
 11.93

a
 39.03

bc
 20.87

a
 58.07

a
 49.23

ab
 

P2 x P3 93.77
c
 8.83

b
 36.90

cd
 16.93

b
 49.93

b
 52.47

ab
 

P2 x P4 106.73
b
 10.77

a
 34.90

de
 17.10

b
 52.23

ab
 47.07

bc
 

P3 x P4 110.17
ab 

8.83
b
 38.30

bcd
 14.00

c
 44.77

b
 44.53

cd
 

In each column, any two means having a common letter are not significantly different at the 5% level of significance, 
according to the Duncan's Multiple Range (L.S.R) test. P1=L-29, P2=L-41, P3=Sahel1, P4=Kharchia, PH = plant 
height, S/P = number of spikes per plant, K/S = number of kernels per spike, GY/P = grain yield/plant, BY/P= 
biological yield/plant and SI=seed index 

 
Table 4. Estimates of heterosis and heterobeltiosis (%) in bread wheat F1 crosses. 

 Crosses PH S/P K/S GY/P BY/P SI 

                                        Mid Parent Heterosis 

P1 x P2 3.02 11.83 -11.97
*
 26.54

*
 0.27 22.45

**
 

P1 x P3 -5.77 25.22 -0.45 43.51
**
 7.39 6.85 

P1 x P4 7.02
*
 67.53

**
 50.47

**
 203.66

**
 95.95

**
 20.47

**
 

P2 x P3 7.24
*
 43.32

**
 -14.56 77.93

**
 51.93

**
 35.98

**
 

P2 x P4 9.02
**
 40.04

**
 10.22 96.55

**
 52.21

**
 22.89

**
 

P3 x P4 6.61
*
 25.92

*
 15.80

*
 72.49

**
 43.10

**
 9.02 

  Better Parent Heterosis (heterobeltiosis) 

P1 x P2 3.17 2.58 -24.03
**
 3.63 -12.81 14.82

**
 

P1 x P3 0.32 22.84 -16.37
**
 23.51 1.45 6.8 

P1 x P4 27.56
**
 39.74

**
 28.68

**
 185.85

**
 77.39

**
 19.60

**
 

P2 x P3 14.35
**
 29.21

*
 -17.27

*
 67.66

**
 39.09

**
 27.55

**
 

P2 x P4 30.16
**
 26.07

**
 -16.46

**
 69.31

**
 45.50

**
 16.02

**
 

P3 x P4 18.63
**
 3.44 -14.13

**
 56.72

**
 36.76

**
 8.27 

LSD MP 5% 6.252 1.431 4.032 2.191 7.598 3.958 

LSD MP 1% 8.174 1.871 5.272 2.865 9.935 5.175 

LSD BP 5% 7.219 1.652 4.655 2.53 8.773 4.57 

LSD BP 1% 9.439 2.16 6.087 3.308 11.472 5.975 

*, ** = significant at 0.05 and 0.01, probability levels, respectively. P1=L-29, P2=L-41, P3=Sahel1, P4=Kharchia, PH 
=, S/P = number of spikes per plant, K/S = number of kernels per spike, GY/P = grain yield/plant, BY/P= biological 
yield/plant and SI=seed index 
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Concerning seed index, four cross 
combinations exhibited highly significant positive 
heterosis and at the same time heterobeltiosis, 
the heterosis ranged between 6.85(P1xP3) to 
35.98% (P2xP3), while, the heterobeltiosis ranged 
between 6.8 (P1xP3) to 27.55% (P2xP3). From the 
above results it can be concluded, a different 
degree of heterosis and heterobeltioses was 
detected  in all cross combinations for all studied 
traits, grain yield/plant exhibited the  highest  
positive heterosis and heterobeltiosis as 
compared to the other traits also, a number of 
promising crosses (P1xP4, P2xP3, P2xP4,and P3xP4) 
which exhibited superior behavior for most studied 
traits these crosses could be of great value for the 
improvement of wheat. Moreover, the previous 
results revealed that, the cross combination P1xP4 
is consider the superior cross for most traits, so 
the  selection practiced in segregating generations 
of these crosses could help in the development of 
improved lines of the most important economic 
traits. Similar results were obtained by El-Bawab 
(2003) and Shendy (2010) they observed positive 
and/or negative significant heterosis for the 
different traits. 

General and specific combining ability effects 
General combining ability effects values GCA 

for all studied traits are presented in Table (5). 
Results showed that parents L-29 and L-41 had 
the lowest significant and negative GCA effects 
(favorable) for plant height. These parents could 
be considered the best general combiners for the 
improvement of shortness trait in the breeding 
programs. On the contrary, Kharchia showed 
highly significant positive and or significant GCA 
effects values, so this parent is consider a good 

combiner for increasing plant height. For yield and 
yield, attributes the largest significant positive 
(favorable) GCA effects were exhibited by 
Kharchia for spike no./plant, while L-41 and 
Sahel1 had the largest significant positive and 
significant (favorable) GCA effects for kernel 
no./spike.  However, two parents L-41 and 
Kharchia were the best general combiner for both 
grain yield/plant and biological yield/plant. It is 
interesting to mention that Kharchia was the best 
general combiner for three traits (no. of 
spike/plant, grain yield/plant and biological 
yield/plant). It could be concluded, the genotype 
which showed the high positive values of GCA 
contain more gene with additive or additive x 
additive interaction effects which transmission 
from generation to another, so selection in its 
cross combination for the desirable traits in early 
generation could be effective, these results are in 
agreement with those obtained by (Ljubicic et al, 
2017). From the above results it could be mention 
a highly positive correlation coefficients (r=0.5 to 
0.99) between each traits per se and its GCA 
effects, so, the highest positive values of GCA 
effects had the highest mean-performance. On 
contrary the negative values of GCA 
corresponding with the lowest mean-performance. 
In any breeding program the high grain yield/plant 
and its components are desirable traits therefore, 
the high parents with positive GCA effects values 
are desirable to improve the grain yield and its 
components. The parents P2, P3 and P4 are the 
best for this task, because these parents exhibited 
the highest significant positive GCA effects and 
they increase the yield and yield components in 
their combinations. 

 
Table 5. Estimates of general combining ability effects of bread wheat parents. 

 

Parents PH S/P K/S GY/P BY/P SI 

P1 -6.719
**
 -0.519

**
 -1.579

**
 -1.056

**
 -3.847

**
 0.181 

P2 -4.614
**
 -0.032 1.479

**
 0.519

**
 1.581

*
 -0.475

*
 

P3 -0.769 -0.804
**
 3.914

**
 -0.292

**
 -1.858

*
 0.253 

P4 12.103
**
 1.355

**
 -3.814

**
 0.83

**
 4.125

**
 0.042 

SE (gi) 0.5448 0.0286 0.2266 0.0669 0.8047 0.2183 
+
r 0.99

** 
0.99

**
 0.98

*
 0.50 0.80 0.99

**
 

*, ** = significant at 0.05 and 0.01, probability levels, respectively. P1=L-29, P2=L-41, P3=Sahel1, P4=Kharchia, PH 
=plant height, S/P = number of spikes per plant, K/S = number of kernels per spike, GY/P = grain yield/plant, BY/P= 
biological yield/plant and SI=seed index. +r=simple correlation coefficients between GCA effects and mean 
performance for each traits. 
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Although, the highest positive SCA effect has not 
significant contribution in the improvement of self-
fertilizing crop, the non-additive genetic variability 
may be used for selection homozygous lines that 
exhibited transgressive segregation in these crops 
(Istipliler et al 2015). Since, the selection in any 
population depends on additive variance, it is 
possible to use crosses which having greatest 
SCA effects resulted from parents  having high 
GCA (additive) effects (Nataša et al, 2017). 
Regarding to specific combining ability SCA 
effects of the F1 crosses Table (6) for the different 
studied traits the crosses which exhibited the 
highest SCA effects resulted from parents having 
different types of GCA effects, in plant height the 
highest positive SCA effects resulted from the 
cross combinations L-29 x Kharchia (low x high 
general combiner) followed by L-41 x sahel1 (Low 
x Low) and L-41 x Kharchia (Low x High). On 
contrary, also, for plant height the results showed 
that, some crosses showing  significantly negative 
SCA effects (desirable) for L-29 x L-41 (Low x 
Low) and  L-29 x Sahel1 (Low x Low). For number 
of spike/plant the highest significant positive SCA 
effects resulted from cross combinations L-29 x 
Kharchia (Low x High) followed by L-41 x Sahel1 
(low x low) and L-41 x Kharchia (low x high). The 
best positive SCA effects for kernel/spike were 
obtained from the crosses L-29 x Kharchia (low x 
low), L-41 x Kharchia (high x Low) and Sahel1 x 
Kharchia x (high x low).  

For biological and grain yield/plant, the results 
showed that the cross combinations L-29 x 
Kharchia (low x high), followed by L-41 x 
Sahel1(high x low) and L-41 x Kharchia (high x 
high) had a positive and significant SCA effects 
(favorable) for both traits. In respect to seed index 
(SI) the  highest significant positive SCA effects 
(favorable) was obtained from cross combinations  
L-41 x Sahel1 (Low x High) followed by L-29 x 
Kharchia (High x High). Meanwhile, the results in 
Table (6) revealed that, the highest negative SCA 
effects were obtained by cross combinations L-29 
x L-41 and L-29 x Sahel1which corresponding 
with the lowest values of the trait expression for all 
studied traits. From the above results, it could be 
concluded, the cross combinations which having 
greatest SCA effects could be classified into three 
groups according to the degree of additive of their 
parents (High x High combiner) , (High x Low) and 
(low x Low). The first group, the cross 
combinations involving both parents with high 
GCA effects, they are very important since it 
contain additive x additive interactions which is 

fixable in latter generations and the possibility of 
the genetic improvement of different traits by 
using pedigree method of selection. The 
importance roll of SCA effects in crosses which 
involving both parents with high GCA effects in 
self pollinated crops was pointed out by Joshi et 
al. ( 2004) and Ljubicic et al. (2017). The second 
group, the crosses which having higher SCA 
effects involving one parent with high and the 
other with low GCA indicated additive x 
dominance gene interaction. The third type of the 
greater SCA exhibited by cross combinations 
involving both parents with low GCA effects, 
indicating the presence of unfixable non-additive 
interactions at the heterozygous loci suggested 
that, single plant selection in latter generations for 
these cross combinations is more effectiveness. 
Greater SCA effects resulted from parents having 
various types of GCA effects has been reported 
by Raj and Kandalkar (2013) and Kohan and 
Heidari (2014) .On the other hand, it was also 
notice that the parents with high GCA effects not 
always give crosses with high SCA effects for 
example, L-41 x Kharchia (High x High combiner) 
for grain and biological yield and L-19 x 
Kharchia(High x High) for harvest index exhibited 
a lowest values of SCA effects. It is very 
interesting to mention, through the current study, it 
can be distinguish three cross combinations i.e. L-
29 x Kharchia, L-41 x Sahel1 and L-41 x Kharchia 
exhibited the highest positive SCA effects for all 
studied traits at the same time it had the highest 
values in terms of the studied traits among the all 
cross combinations. These crosses involved 
either only one parent or both parents with high 
GCA effects for all studied traits. These crosses 
are considered more important in this study since 
it contain additive x additive or additive x 
dominance type of gene interactions. The greater 
SCA effects in these crosses indicated the 
possibility of genetic improvement by pedigree 
method of selection. 

Components of genetic variation 
Analysis of the genetic variance components 

by using Hayman (1954) diallel cross analysis are 
given in Table 7. The data revealed that the 
variance due to additive effects of genes (D) was 
significant only for plant height. On the other 
hand, the variance due to dominant effects of 
genes (H1) was highly significant for all studied 
traits. Meanwhile, the variance due to the second 
component of dominant gene effects (H2) was 
significant only for number of spike per plant, 
biological yield/plant and seed index.  
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Table 6.Estimates of specific combining ability effects of F1 crosses. 

Crosses PH S/P K/S GY/P BY/P SI 

P1 x P2 -1.177 -1.5006
** 

-4.5222
**
 -4.0628

**
 -10.8611

*
 0.1389 

P1 x P3 -7.122
* 

-0.7322
**
 -1.3967 -2.6850

**
 -8.4556 -3.8889

**
 

P1 x P4 2.4056 2.0317
**
 8.0644

**
 6.0261

**
 13.3611

**
 1.5889 

P2 x P3 2.0389 0.605
**
 4.8556

**
 1.6406

**
 5.7833 5.2667

**
 

P2 x P4 2.1333 0.3789
*
 0.8722 0.6850 2.1 0.0778 

P3 x P4 1.7222 -0.7828
**
 1.8378 -1.6039

**
 -1.9278 -3.1833

*
 

SE sca ij 3.1961 0.1675 1.3294 0.3925 4.7209 1.2809 

SE scaij-scalk 5.8111 0.3045 2.4171 0.7137 8.5834 2.3289 

*, ** = significant at 0.05 and 0.01, probability levels, respectively. P1=L-29, P2=L-41, P3=Sahel1, P4=Kharchia, PH 
=plant height, S/P = number of spikes per plant, K/S = number of kernels per spike, GY/P = grain yield/plant, BY/P= 
biological yield/plant and SI=seed index 

 
From the above results it could be concluded that 
the additive gene effects plays an important role in 
the inheritance of plant height, meanwhile, the 
variance due to dominant gene effects (H1 and H2) 
plays an important role for inheritance of the 
reminder characters i.e., no. of spike/plant no. of 
kernel/spike, grain yield/plant, biological 
yield/plant and seed index, indicating the 
expression of these traits is conditioned by non-
additive gene action effects. These results are in 
agreement with those obtained by Ljubicic et al. 
(2017). Estimates of non-additive components of 
genetic variance, the results showed that except 
no of spike/plant H2 were smaller than H1 values 
for all studied traits indicating the frequency of 
positive and negative alleles at the loci governing 
these traits were not equal in proportion in the 
plants. Respect to the distribution of  the dominant 
versus recessive genes (F), except plant height 
and no. of kernel/spike, the F values were not 
significant for the reminder traits no. of 
spike/plant, grain yield/plant, biological yield/plant 
and seed index indicating, the differences of the 
relative number of dominant and recessive genes 
were not significant. The negative sign of F values 
for plant height, no. of spike/plant and biological 
yield/plant indicate the excess of recessive alleles, 
while the positive estimates for no. of kernel/spike, 
grain yield/plant and seed index indicate the 
excess of dominant alleles. The ratio of H2/4H1, 

which estimates the proportion of genes with 
positive and negative effects in the parents, the 
results, showed, except no. of spike/plant the all 
estimate values were found to be less than its 
theoretical values (0.25) for all traits indicated 
asymmetrical distribution of the positive and 
negative alleles in the parents. To provide more 
information, genetic ratio and estimators were  

 
computed, the average degree of dominance  
(H1/D)

1/2
, except plant height, (0.59) revealed 

additive gene effect for this trait, the values  of 
(H1/D)

1/2
 for all studied traits were found to be 

more than unity, it becomes clear that over 
dominance type of gene action in the inheritance 
of these traits (Table 7). In respect to the ratio of 
the total number of dominant against recessive 
alleles (KD/KR), the results showed, that, except 
plant height, no. of spike/plant and biological 
yield/plant the reminder traits no. of kernel /spike, 
seed yield/plant and seed index exhibited a KD/KR 
values more than unity indicating the presence of 
more dominant alleles in the inheritance of these 
traits (Petrović et al, 2012) and El-Hosary et al, 
2015). Concerning the narrow sense heritability 
estimate (Nh

2
) was high for plant height revealing 

that this trait are mostly control by additive genetic 
mechanism and selection predicted to be very 
effective for improving this traits. Meanwhile, 
some traits (no. of spike/plant, no. of kernel/spike 
and grain yield/plant) exhibited medium values of 
narrow sense heritability, which was controlled by 
partial dominant. On the other hand, two traits 
biological yield and seed index showed the least 
narrow sense heritability (12.2 and 45.4, 
respectively). Similar results, which indicated 
great, participate of additive component and 
partial dominance responsible for the inheritance 
of grain weight per spike was observed by Minhas 
(2012) and Kohan and Heidari (2014). 
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Table 7. Estimates of genetic variance components, their ratio, intercept of Wr (a) and regression 
coefficient of Wr/Vr (b) of F1 crosses for the studied traits. 

Parameters  PH S/P K/S GY/P BY/P SI 

D 218.73
**
 1.72

ns
 111.52

**
 2.15

ns
 9.59

ns
 4.39

ns
 

H1 76.32
**
 11.52

**
 124.17

**
 98.13

**
 487.58

**
 101.15

**
 

H2 1.87
ns

 18.15
**
 32.71

ns
 43.40

ns
 362.71

**
 87.43

**
 

F -84.96
**
 -2.34

ns
 125.66

**
 3.75

ns
 -26.86

ns
 11.84

ns
 

E 4.36 0.23 1.81 0.54 6.44 1.75 

H2//4H1 0.006 0.39 0.07 0.11 0.19 0.21 

(H1/D)
0.5

 0.59 2.59 1.06 6.76 7.13 4.80 

KD/KR 0.51 0.58 3.29 1.30 0.67 1.78 

Nh
2
 97.5 50.30 79.5 70.1 45.4 12.20 

A 42.46±9.2 -0.917±1.6 3.95±17.7 1.87±1.7 5.77±44.16 14.33±8.86 

B 0.92
ns

 00.6
ns

 1
ns

 -0.07
**
 0.05 0.57

ns
 

t
2
 0.03 0.16 0.13 48.69 1.66 0.34 

*, ** = significant at 0.05 and 0.01, probability levels, respectively. P1=L-29, P2=L-41, P3=Sahel1, 
P4=Kharchia, PH =plant height, S/P = number of spikes per plant, K/S = number of kernels per spike, 
GY/P = grain yield/plant, BY/P= biological yield/plant and SI=seed index, D=variance component due to 
additive effects of genes, H1= variance component due to dominance deviation, H2= proportion of 
positive and negative genes in parents, F=mean of covariance of additive and dominance effects over all 
the arrays, (H1/D)

0.5
=mean degree of dominance, KD/KR=proportion of dominant and recessive genes, 

Bh2= broad sense heritability 
 
Graphical representation for the studied traits  

More information concerning the genetic 
behavior of studied traits, which obtained from 
graphical analysis of the Wr/Vr relationship in F1 
generation are given in Fig (1). Except seed yield 
and biological yield/plant, the regression 
coefficients of Wr/Vr did not differ significantly 
from unity. Therefore, the assumption of absence 
of non-allelic interaction seemed to satisfy as the 
regression line did not significantly deviate from 
unit slope and all results were acceptable for use 
in genetic analysis. The results showed that the 
system controlling the traits, plant height, no. of 
spike/plant, no. of kernel/plant and seed index is 
composed of additive and dominance components 
without the complications of gene interactions. 
The graphical (Vr/Wr) representation showed that 
the intersection of regression line with the 
covariance (Wr) axis above the origin with 
significant value of intercept (a) Table (7), 
implying that inheritance of plant height was 
controlled by partial-dominance gene action, on 
the other hand, the intercept of Wr (a) was not 
significant for the  no. of spike/plant, no. of 
kernel/spike, grain yield/plant, biological 
yield/plant and seed index indicated that a degree 
of dominance of gene action effects play an 
important roll in the inheritance of the above 
mentioned traits. The distribution of the points of 

parental arrays along the regression line revealed 
a wide distribution of dominant and recessive 
alleles among the parents for different traits.  
However, the scattering of parental arrays 
provided information about the presence of 
different types of alleles in different parents, which 
is useful in making selection of parents for 
improving specific traits. The distribution of arrays 
points on regression line owing to proximity to the 
origin indicated that the tallest parents Kharchia 
possessed maximum frequency of dominant 
alleles. On the other hand, genotypes L-29 (P1), L-
41(P2) and Sahel1(P3) being far away from the 
origin, possess maximum recessive genes. In 
addition, the distribution of arrays points on 
regression line indicated that the genotypes with 
maximum number of spike/plant, highest number 
of kernels/spike and the heaviest seed index are 
closed to the origin, possessed maximum 
dominant genes. On the other hand, genotypes 
which poorest a value are far away from the 
origin, possess maximum recessive genes. 
However, the distribution of arrays points on 
regression line for grain yield/plant and biological 
yield/plant indicated that the higher parents in  
grain yield( P2 and p3) owing to the origin point 
possessed  maximum dominant  genes, on the 
other hand genotypes  P1 and P4 (the lowest) are 
far away from the origin possessed maximum  
recessive genes.  
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Figure (1). Vr/Wr relationship for the studied traits in F1 generation.
 

The positions of arrays that correspond to 
superior parents indicate that dominant genes act 
towards increasing the expression of the different 
traits. These findings correspond with the results 
published by other authors who also indicated 
over-dominance type of gene action in the 
inheritance of the grain weight per plant (Nazir et 
al, 2014; Yao et al, 2014 and Shehzad et al, 
2015). On the contrary, Farooq et al. (2011) and 
Rashid et al. (2013), observed a partial 
dominance in the inheritance of grain weight per 
plant trait. Concerning the importance of over-
dominance in the inheritance of some studied 
traits indicated that the selection in early 
generations for the these traits would be difficult 
due to over-dominance type of gene action, by 
other words 

CONCLUSION 
The results showed, in self-pollinated crops as 

a wheat, the most important cross combinations in 

most studied traits are having greater SCA 
effects, which where involving one parent with 
high GCA and the other with low GCA effects 
(Additive x Dominant), so the selection for these 
traits in advanced segregating generations would 
be more effective. Information in this regard would 
help breeders to make better selection of 
desirable parents to develop an efficient breeding 
program to obtain new wheat cultivars with high 
grain yield potential for food and nutritional 
security. Also, some crosses are  having a higher 
SCA  which resulted from both parents with (Low 
X Low combiner) indicated the presence of 
epitasis (non allelic interactions) at heterozygous 
loci is not fixed, so it is suggested utilizing these 
crosses through single plant selection in latter 
generations. Moreover, the results indicated, the 
both statistical procedures, i.e., graphical 
representation (Griffing, 1956) and genetic 
variance components (Hayman, 1954) which 
estimated the mode of gene action and the 
genetic behavior of traits inheritance are 
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agreement and declared the importance roll of 
dominance effects in the inheritance of no. of 
spike/plant, no. of kernel/spike, seed yield/plant, 
biological yield/plant and seed index. On the other 
hand, the both approaches are agreement in 
importance roll partial dominance with additive 
gene effects in the inheritance of plant height. 
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