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ABSTRACT: This investigation aimed to study the potentiality of heterosis expression, 

heritability, expected genetic advance, nature of gene actions and potance ratio for some 

quantitative traits (grain yield and its contributory characters, heading date and plant height) in 

two bread wheat crosses Sids 1 x Gemmeiza 5 and Gemmeiza 9 x Sids 4 were chosen for the 

percent study on the base of wide variability. Six populations (P1, P2, F1, F2, BC1 and BC2) were 

used to estimate genetic parameters under two levels of nitrogen fertilization (35 kg N/fed and 

70 kg n/fed).  

The results can be summarized as follows: 

1. The hybrid combination Sids 1 X Gemmeiza 5 was detected to be the highest cross showed 

significant useful heterosis for grain yield per plant (37.58% and 76.11%) under 35 kg.n. /f 

and 70 kg.N./f, respectively.  

2. Inbreeding depression values were found to be highly significant in most cases in the two 

crosses under investigation.  

3. The F2-deviations (E1) were significant for plant height and number of spikelets / main culm 

spike for all crosses under the both of nitrogen fertilization levels. Also backcross-deviations 

(E2) were found to be significant for heading date, main culm spike length, number of 

spikelets / main culm spike and number of kernels per spikelet under the two levels of 

nitrogen fertilization.  

4. The additive gene effects (a) were found to be significant for heading date, plant height and 

1000 grains weight for all crosses under investigation under the two levels of nitrogen 

fertilization.  

5. Dominance gene effects (d) were found to be significant in the two crosses for number of 

spikelets/main culm spike under 35kg.N./f only. 

6. The three epistatic types additive × additive, additive × dominance and dominance × 

dominance were found to be significant for most traits under investigation. 

7. High heritability estimates in broad sense were detected for nearly all traits studied. high 

estimates of narrow sense heritability were found for all crosses for heading date, plant 

height, number of spikes per plant, main culm spike length, number of kernels per spikelets, 

number of kernels per main culm spike and grain yield per plant under 35 kg.N./fed. 

8. High genetic advance under selection was found to be associated with high narrow sense 

heritability estimates for number of spikes per plant and grain yield per plant for all crosses 

under 35 kg.N./f. 
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9. The breeder can use cross Sids 1 X Gemmeiza 5 in breeding programs that it has high 

heterosis for yield character and its components and high genetic advance under 

selection was found to be associated with high narrow sense heritability estimates for 

number of spikes per plant and grain yield per plant. 

Key words: Wheat, Gene action, Heterosis, Heritability, Genetic advance, Additive, 

Dominance, Six parameters model. 

 

INTRODUCTION 
Bread wheat is the most important widely 

adapted consumed food cereal in Egypt. 

Therefore, wheat breeders are concentrating 

their efforts to improve the yield potential of 

wheat to meet the future goals by 

developing new cultivars with desirable 

genetic makeup. Growing wheat under low 

nitrogen fertilizer become an objective in 

Egypt. Nitrogen fertilizer is an important 

factor in wheat production package. The 

choice of selection and breeding procedures 

for genetic improvement of any crop is 

largely dependent on the knowledge of type 

and relative amount of genetic component 

and the presence of non-allelic interaction 

for different characters in the plant materials 

under investigation. 

Six parameters analysis provides 

information on the relative importance of 

average effects of the genes (additive 

effects), dominance deviations, and effects 

due to non-allelic genetic interactions. This 

helps in determining genotypic values of the 

individuals and, consequently, the mean 

genotypic values of families and 

generations. Generation mean analysis, is a 

simple and useful technique for estimating 

gene effects of polygenic trait. Its greatest 

merit goes to the ability of estimating 

epistatic gene effects (additive x additive 

(aa), dominance x dominance (dd) and 

additive x dominance (ad)), (Singh and 

Singh, 1992) to be used for the improvement 

of agronomic traits in wheat. 

Most of the designs used in estimating 

the genetic components of variation assume 

the absence of epistasis. Most of the 

information on the genetic analysis is biased 

due to the presence of epistasis. However, 

epistatic interactions have frequently been 

reported by many scientists in wheat (Singh 

and Singh, 1976, Ketata et al 1976, Singh 

1981, Comber 2001and others). Among all 

the designs available for estimation of gene 

action, the relationships illustrated by 

Gamble (1962) were considered one of the 

important models provide the different 

components of variation i.e additive, 

dominance and epistasis. In self-pollinated 

species like wheat, epistasis is perhaps 

more important to breeders than dominance, 

because the latter is necessarily ephemeral 

in such species.  

The objectives of the present study are to 

establish: (1) The potentiality of heterosis 

expression for grain yield and its contributory 

characters, heading date and plant height; 

(2) Estimation of different components of 

variation i.e. additive, dominance and 

epistasis controlling traits studied.  (3) The 

genetical behavior, heritability and expected 

genetic advance under selection for grain 

yield and some agronomic traits in the two 

crosses, i.e. Sids 1 X Gemmeiza 5 and 

Gemmeiza 9 X Sids 4 under two levels of 

nitrogen fertilization.  

 
MATERIALS AND METHODS 

This experiment was carried out at the 

Experimental Farm, Faculty of Agriculture, 

Menoufia University at Shebin El-Kom 

during the three successive seasons 2009 / 

2010, 2010 / 2011 and 2011 / 2012 growing 

season. Four parental genotypes of bread 

wheat (Triticum aestivum L.) were chosen 

regarding their agronomic performance. 
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These genotypes are:, Sids 1, Sids 4, 

Gemmeiza 5 and Gemmeiza 9.In the first 

season (2009-2010), the four parental 

genotype were intercrossed (by hand 

emasculation and pollination techniques) to 

produce two F1 crosses, (I) Sids 1 X 

Gemmeiza 5 and (II) Gemmeiza 9 X Sids 4. 

In the second season (2010/2011), the 

hybrid seeds were sown and the F1 plants of 

each cross were back crossed to their 

respective parents to produce the two 

backcrosses BC1 and BC2. Meanwhile, F1 

plants were self-pollinated to produce F2 

seeds.  

In the third growing season (2011/2012), 

the six populations P1, P2, F1, F2, Bc1 and 

Bc2 of each cross were sown in a 

randomized complete block design with 

three replicates under two different levels of 

nitrogen fertilization (35kg N/fed [low level] 

and 70kg N/fed [recommended level]) using 

nitrogen as urea (46.5% N/unit). Each block 

comprised 15 rows of F2, Bc1 and Bc2 and 

five rows of other three non-segregated 

populations. The experimental units 

consisted of single rows 3 meters long with 

20 cm. between rows, plants within rows 

were 10 cm. apart allowing a total of 30 

plants per row. 

Data were recorded on individual 

guarded plants (60 plants for unsegregated 

generations, 90 plant in Bc1 and Bc2 and 

120 plants in F2) for the studied characters 

as follows: 1- Days to heading (days), 

recorded as number of days from sowing to 

first   appearance of owns through the flag 

leaf sheaths. 2- Plant height (cm), measured 

to the tips of the ear (awns excluded) of the 

main culm i.e. tallest tiller. 3- Number of 

spikes per plant. 4- Main culm spike length 

(cm). 5- Number of spikelets per main culm 

spike. 6- Number of grains per main culm 

spike. 7- Grain yield per main culm spike 

(gm.). 8-.Number of grains per spikelet. 9- 

1000-grain weight (gm.). 10- Grain yield per 

plant (gm.).The chemical and mechanical 

analysis of soil are presented in Table (2). 
 

Statistical procedures:  
The t-test was used to examine the 

existence of genetic variance between 

parental means. Statistical procedures used 

herein would only be computed if the F2 

genetic variance was found to be significant. 

A one tail “F” ratio was used to examine the 

existence of the genetic variance within the 

F2 population as follows: 

VE

VF
F 2  

  

Where      
3

VFVPVP
VE 121 

  

 
The degree of freedom for this test was 

considered as infinity. If calculated “F” ratio 
was equal to or larger than the tabulated 
ones, various biometrical parameters 
needed in this investigation would be 
computed. Heterosis (H), was expressed as 
percent increase of the F1 mean 
performance above the respective better 

parent, i.e. 100×P.B/)P.B-F(
1

. 

Inbreeding depression (I.d.) was measured 

as the average percent decrease of the 
2

F
 

from  the 
1

F .  Inbreeding  depression  

 

(I.d.%) = 
100

F

FF

1

21 
 .F2 – deviation (E1) 

was calculated as the deviation of the F2 
mean performance from the average of F1 
and mid-parent value (Marani, 1968) . 
Deviation (E2), was computed as the 
deviation of the two backcrosses 
performance from the F1 and mid parent 
performances (Marani, 1968). The names, 
origin and pedigree of the four wheat 
cultivars used in this study in Table (1).  
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Table (1): The names, origin and pedigree of the four wheat cultivars used in this study.  

No Cultivar Origin Pedigree 

1 Sids 1 Egypt 
 HD2172/Pavon"S"//1158-57 Maya 74 "S"Sd46-4Sd-2Sd-
1Sd-0Sd 

2 Sids 4 Egypt Maya“S”/Mon“S”/CMH74.A.592/3/CHZa157* 

3 Gemmeiza 5 Egypt Vee“S”/SWM6525 CGM4017-1GM-6GM-3GM-0GM 

4 Gemmeiza 9 Egypt 
Ald“S”/Huac“S”//CMH74A.630/5X CGM4583-5GM-1GM-
0GM 

 
Table (2): Soil status at the Experimental Farm of Faculty of Agriculture, Menoufia 

University at Shebin El-Kom season 2011/2012.  

Characteristics Analysis 

Chemical analysis 

EC 3.0 

pH 8.7 

N ppm 27.3 

P ppm 8.75 

K ppm 36.25 

Mechanical analysis 

Find sand% 59.4 

Silt % 10.5 

Clay % 30.10 

Soil texture Clay 

 
Nature and degree of dominance were 

determined by means of potence ratio 
method (P) which can be defined as the 
average dominance of the whole gene set of 
one parent or the other (Peter and Frey, 
1966).Nature of gene action i.e, m = F2 
generation mean. a = The pooled additive 
effect. d = The pooled dominance effect.  aa 
= The pooled additive × additive epistatic 
effects.  ad = The pooled additive × 
dominance epistatic type. dd = The pooled 
dominance × dominance epistatic type was 
studied according to the relationships 
illustrated by Gamble (1962).Where:  m = F2 
generation mean. a = The pooled additive 
effect. d = The pooled dominance effect. aa 
= The pooled additive × additive epistatic 
effects. ad = The pooled additive × 
dominance epistatic type. dd = The pooled 
dominance × dominance epistatic type. 
Heritability was estimated in both broad and 

narrow senses for F2 generation, according 
to Mather’s procedures (1949). 

E+H+D

H+D
=)sense broad(h

4
1

2
1

4
1

2
1

2

 

E+H+D

D
=)sensenarrow(h

4
1

2
1

2
1

2  
 

Where: 

½ D = 2 VF2 – (VBc1 + VBc2),    ¼ H = VBc1 + 

VBc2 – (VF2 + VE) 

 

and 
3

VF+VP+VP
=VE

121  

The predicted genetic advance under 
selection (∆G) was computed according to 
Johnson et al. (1955). ∆G = K. h

2
. σ ph 

Where: K is the selection differential (which 
equals the value of 2.06 when selecting the 
highest 5% of the population).h2 = heritability 
value in narrow sense and σ ph = 
phenotypic standard deviation of the F2 
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generation. This genetic gain represented as 
percentage of the F2 mean performance was 
also obtained following (Miller et al., 1958).

100×
FX

G
=%G

2


  

 
RESULTS AND DISCUSSION 

The validity of the varietal differences 

and the genetic variance within F2 

populations of each cross for all traits 

studied i.e. heading date, plant height, 

number of spikes per plant, main culm spike 

length, number of spikelets / main culm 

spike, number of kernels per spikelet, 

number of kernels per main culm spike, 

1000 grains weight, grain yield per main 

culm spike and grain yield per plant are 

presented in Table (3). Varietal differences 

in response to their genetic background 

were found to be significant in all characters 

studied in each of the two crosses i.e. Ι (Sids 

1 x Gemmeiza 5), and ΙΙ (Gemmeiza 9 x 

Sids 4) under investigation except grain yield 

per plant in first, second cross, number of 

spikes per plant in the second cross, grain 

yield per main culm spike and 1000-kernels 

weight in the first cross. Consequently, the 

various genetical parameters used in this 

investigation were estimated for all traits 

studied under 35 kg N/fed of nitrogen 

fertilization. 

 
Table (3): T-test for the differences between parents and F-test of significance of the 

genetic variance in F2 populations for all traits studied in the two crosses 
under 35 and 70 kg N/fed of nitrogen fertilization. 

Characters 
Kg N/ 
fed 

Sids 1 x gemmeiza 5 Gemmeiza 9 x sids 4 

T-test F-test T-test F-test 

Days to heading 
35 ** ** ** ** 

70 ** ** ** ** 

Plant height 
35 ** ** ** ** 

70 ** ** ** ** 

Number of spikes per plant 
35 ** ** N.s ** 

70 N.s ** ** ** 

Main culm spike length 
35 ** ** ** ** 

70 ** ** ** ** 

Number of spikelets / main culm  spike 
35 ** ** ** ** 

70 N.s ** ** ** 

Number of kernels per spikelet 
35 ** ** * ** 

70 ** ** ** * 

Number of kernels per main culm spike 
35 ** ** ** ** 

70 * ** ** ** 

1000 grain weight 
35 N.s ** ** ** 

70 N.s * ** * 

Grain yield per main culm spike 
35 N.s ** ** * 

70 N.s ** ** * 

Grain yield per plant 
35 N.s ** N.s ** 

70 ** ** N.s ** 

*, ** Significant at 0.05 and 0.01 probability levels, respectively. 
N.S Denotes insignificance at 0.05 and 0.01 probability 
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Under 70 kg N/fed nitrogen fertilization it 
was found to be significant for all characters 
studied in each of the two crosses except 
number of spikes per plant, number of 
spikelets per main culm spike, grain yield 
per main culm spike, grain yield per plant 
and 1000-grains weight in the first cross, 
grain yield per plant in the second cross. 
Consequently, the various genetical 
parameters used in this investigation were 
estimated for all traits studied. The existence 
of the significant genetic variability in F2 
populations in spite of the insignificant 
differences between the parental cultivars 
for the characters previously mentioned, 
may suggest that the genes of like effects 
were not completely associated in the 
parental cultivars i.e., these genes are 
dispersed (Mather and Jinks, 1982).  

Means and variances of the six 

populations P1, P2, F1, F2, Bc1 and Bc2 for all 

traits studied in the two crosses under 35 kg 

n/fed and 70 kg n/fed nitrogen fertilization 

are given in Table (4). Noticed that the 

means of all characters under investigation 

were high under 70 kgn/ fed than 35 kg 

n/fed of nitrogen fertilization in the two 

crosses. 
 

1. Heterosis:  
The expression of heterotic effect values 

for all traits in the two crosses studied is 

presented in Table (5). High positive values 

of heterosis would be of interest in most 

traits under investigation; however, for days 

to heading and plant height, high negative 

values would be useful from the wheat 

breeders point of view.  

Regarding days to heading, at 35 kg/fed 

of nitrogen fertilization highly significant 

negative useful heterosis was detected in 

the first cross (Sids 1 x Gemmieza 5),and  

second cross (Gemmieza 9 x Sids 4). Little 

or no heterosis for days to heading was 

previously found by El-Seidy and Hamada 

(2000) and Comber (2001). However, 

significant heterosis was previously detected 

by Hendawy et al., (2007 b), El-borhamy et 

al., (2008), Koumber (2011) and Marwa M. 

El-Nahas and Arab (2014). But in 70 kg/f 

nitrogen fertilization significant negative 

useful heterosis was detected in all crosses. 

It also founded by El-Shaarawy and Morad 

(2011). 

For plant height, useful heterosis toward 

shortness were found to be significant and 

highly significant in the second cross 

(Gemmieza 9 x Sids 4) while the first cross 

(Sids 1 x Gemmieza 5) showed highly 

significant positive heterosis. Regarding to 

Akhtar and Ibrahim (2005) and El-Shaarawy 

and Morad (2011). 

As for number  of spikes per plant, under 

35 kg/f nitrogen fertilization , the second 

cross (Gemmieza 9 x Sids 4), was found to 

have significantly more spikes than its better 

parent Sids 4. No useful heterosis was found 

in the first cross under 70 kg/f nitrogen 

fertilization.  Heterotic effects for number of 

productive tillers per plant were also found 

by Bayoumi (2004), Mekhamer (2009) and 

El-Shaarawy and Morad (2011). 

The two wheat crosses under 

investigation did not show any useful 

heterotic effects for number of spikelets per 

spike and number of kernels per spikelet 

under 35 and 75 kg/f nitrogen fertilization. 

That also founded by Akhtar and Ibrahim 

(2005). However, significant positive 

heterosis for number of spikelets per spike 

was reported by Mekhamer (2009). 

With regard to number of kernels per 

main culm spike the 35 and 75 kg/f nitrogen 

fertilization, highly significant positive 

heterotic effect was detected in all crosses. 

Significant heterosis was also found by 

Darwish and Ashoush (2003), Bayoumy 

(2004) and Mekhamer (2009). 

As for 1000-grain weight, highly 

significant positive heterotic effect was 

detected in all crosses under both nitrogen  
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fertilizations. Similar results were previously 

reported by Sharief et al., (2006), Hendawy 

et al., (2007 b), El-Borhamy et al., (2008) 

and Mekhamer (2009). 

Concerning, grain yield per main culm 

spike, no useful heterotic effect was found in 

the two crosses studied under 35 kg/f 

nitrogen fertilization and the same in 70 kg/f 

nitrogen fertilization. However, significant 

heterosis for yield was previously found by 

Comber (2001). 

As for grain yield per plant, highly 

significant positive heterotic effect was 

detected in all crosses for both nitrogen 

fertilizations. Significant heterosis was also 

found by Bayoumy (2004), Sharief et al., 

(2006) and Mekhamer (2009). On the other 

hand no useful heterosis founded by El-

Seidy and Hamada (2000).  

 

2. Inbreeding depression: 
Inbreeding depression is measured as 

the percent deviation of F2 from F1 mean 

performance. The estimation of inbreeding 

depression values are presented in Table 

(5). Inbreeding depression values were 

found to be highly significant in most cases 

in the two crosses under 35 and 70 kg/f 

nitrogen fertilization except number of 

spikelets per plant, number of kernels per 

spikelets, 1000 grain weight and grain yield 

per plant in first cross, grain yield per main 

culm spike in all crosses. Under 35 kg/f 

nitrogen fertilization, number of spikes per 

plant , main culm spike length,  number of 

kernels per spikelet and grain weight per 

plant in the first cross, grain yield per main 

culm spike in all crosses . 

On the contrary, this expectation was not 

fulfilled in some cases, where insignificant 

heterosis and significant inbreeding 

depression main culm spike length and 

number of spikelets per main culm spike in 

all crosses, number of kernels per spikelet in 

second cross, and grain yield per plant and 

1000 grain weight in first under 35 kg/f 

nitrogen fertilization. For 70 kg/f nitrogen 

fertilization insignificant heterosis and 

significant inbreeding depression in number 

of spikelets per main culm spike in all 

crosses, number of grains per spikelet in the 

second cross. Similar contradiction was also 

reported by Esmail and Kattab (2002). The 

contradiction between heterosis and 

inbreeding depression estimates could be 

due to the presence of linkage between 

genes in these materials.  
 

3. Potance ratio: 
Potence ratio for all traits studied in the 

two crosses under investigation are given in 

Table (5). The average degree of 

dominance as indicated by potence ratio 

revealed the existence of over dominance 

towards the high parent for number of spikes 

per plant, main culm spike length, number of 

kernels per spikelets and number of kernels 

per main culm spike for all crosses under the 

two levels of nitrogen fertilization except for 

1000 grains weight and grain weight per 

plant in the first cross, while it was towards 

the lower parent for days to heading, 1000 

grains and grain weight per plant for all 

crosses under the two levels of nitrogen 

fertilization except in the first cross under 35 

kg N/fed and plant height for all crosses 

under the two levels of nitrogen fertilization. 

Partial dominance towards the higher 

parent was found for grain weight per main 

culm spike in the first cross under 35 kg 

N/fed only. However, partial dominance 

towards the lower parent were found for 

plant height, 1000 grains weight and grain 

weight per plant in the first cross under 35kg 

N/fed only. Similar results were also found 

by Comber (2001) and Ghanem (2008). 

 

4. F2 – performance (E1): 
F2 mean performances for all traits 

studied in the two crosses under 

investigation are given in Table (5). Under 

35 kg/fed nitrogen fertilization F2 mean 
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performance was found to deviate 

significantly from the average of the F1 and 

mid-parent value E1 for days to heading, 

plant height, main culm spike length, number 

of spikelet per main culm spike, number of 

kernels per main culm spike and 1000-grain 

weight in all crosses under investigation. 

Number of spikes per plant and grain yield 

per plant, number of kernels per spikelets 

and grain yield per main culm spike in the 

second cross. The highly expressive F2-

deviation (E1) would indicate the presence of 

epistasis in the inheritance of these traits.  

Under 70 kg N/fed of nitrogen fertilization 

F2 mean performance was found to deviate 

significantly from the average of the F1 and 

mid-parent value E1 for days to heading, 

plant height, number of spikelets per main 

culm spike, grain weight per plant, number 

of spikes per plant and 1000 grains weight in 

the first and second cross, main culm spike 

length, number of grains per spikelet, grain 

weight per main culm spike and number of 

grains per main culm spike in the second 

cross. The highly expressive F2-deviation 

(E1) would indicate the presence of epistasis 

in the inheritance of these traits. These 

results were found also by Esmail and 

Kattab (2002) and Ghanem (2008)  

 

5. Backcross performance (E2): 
Backcross performance for the tenth 

traits studied in the two crosses under 

investigation are presented in Table (5). 

When no effects of epistasis are assumed, 

backcross performance would be expected 

to be near the average of  F1 and recurrent 

parent performance. Appreciable deviation 

from this expected value, however, will be 

observed if epistasis is found to be operated 

in the inheritance of the trait in yield. Under 

35 kg/f nitrogen fertilization Backcross 

deviation (E2) was also found to be 

significant for days to heading, main culm 

spike length, number of kernels per spikelet 

and number of spikelets per main culm 

spike, number of kernels per main culm 

spike and number of kernels per main culm 

spike in all crosses, number of spikes per 

plant, grain yield per main culm spike and 

grain yield per plant in the second cross, 

plant height and 1000 grains weight in the 

first cross. The F2 deviation (E1) was 

accompanied by backcross deviation E2 in 

twenty nine cases Table (5) and that would 

ascertained the presence of epistasis in 

such large magnitude as to warrant great 

deal of attention in wheat breeding 

programs. Under 70 kg N/fed nitrogen 

fertilization it was found to be significant for 

all traits in all crosses except number of 

grains per main culm spike and 1000 grains 

weight in the first cross, grain weight per 

main culm spike in the second cross . The 

F2 deviation (E1) was accompanied by 

backcross deviation E2 in thirty nine cases 

Table (5) and that would ascertained the 

presence of epistasis in such large 

magnitude as to warrant great deal of 

attention in wheat breeding programs. Also, 

a great deal of attention of epistasis was 

reported in wheat by Esmail and Khattab 

(2002), Darwish and Ashoush (2003) and 

Ghanem (2008). 

 

6. Nature of gene action: 
Genetical analysis of generation means 

to give estimates of mean effect parameter 

(m), additive (a), dominance (d), the three 

epistatic types additive x additive (aa), 

additive x dominance (ad) and dominance x 

dominance (dd) were calculated according 

to the relationships illustrated by (Gamble 

1962). The estimated values of the various 

types of gene effects are presented in Table 

(5). Under 35 kg N/fed nitrogen fertilization 

the estimated mean effects parameter (m), 

which reflects the contribution due to the 

overall mean plus the locus effects and 

interaction of the fixed loci, were found to be 

highly significant for all traits in the two 

crosses. The additive gene effects (a) were 

found to be significant for days to heading,  
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plant height, main culm spike, grain yield  

per plant and 1000 grain weight in the two 

crosses under investigation, number of 

spikes per plant in the first cross, number of 

spikelets per main culm spike and grain yield 

per main culm spike in the second cross, 

number of  kernels in spikelets  in the first 

cross, there is no significant in number of 

kernels per main culm spike, suggesting the 

potential for obtaining further improvements 

of these traits. The present results were 

found to agree with El-Shaarawy and Morad 

(2011), Koumber (2011), Dawwam et al., 

(2015) and Marwa. M. El-Nahas (2015). 

Dominance gene effects (d) were found 

to be significant in the two crosses under 

investigation for days to heading, plant 

height, number of spikes per plant, main 

culm spike length, number of spikelets per 

main culm spike and number of grains per 

main culm spike in the two crosses under 

investigation, grain yield per plant , number 

of kernels per spikelet and grain yield per 

main culm spike, 1000 grains weight in 

second cross, suggesting that the 

dominance factors play a great role in the 

inheritance of these traits. The present 

results were found to agree with Menshawy 

(2008), El-Shaarawy and Morad (2011) and 

Mohammed et al., (2013). 

Significant additive x additive (aa) 

epistatic types were detected for days to 

heading, plant height and 1000 grain weight 

in all crosses under investigation, main culm 

spike length and grain yield per main culm 

spike, number of spikelets per main culm 

spike, number of kernels per spikelet and 

number of kernels per main culm spike in 

the first cross, number of spikes per plant 

and grain yield per plant in the second 

cross. These results indicates that the 

materials used in this study have decreasing 

alleles expression for these characters and 

selection to improve it could not to effective 

expect in case of days to heading and plant 

height in which selection will be effective in 

identifying early and dwarf lines. This would 

be indicated by Hendawy et al. (2007 b), 

Hendawy et al., (2009), El-Shaarawy and 

Morad (2011), Koumber (2011), Morad 

(2012) and Marwa. M.  El-Nahas (2015). 

The estimated values of additive x 

dominance (ad) types of digenic epistasis 

were found to be significant for days to 

heading in all crosses studied, plant height, 

number of spikelets per main culm spike and 

grain yield per plant in second cross 1000- 

grain weight in the first cross. This would be 

indicated by Mekhamer (2009), El-Shaarawy 

and Morad (2011), Kumber and El-Gammal 

(2012), Abd El-Rahman (2013) and 

Dawwam et al., (2015).           

Dominance x dominance (dd) epistatic 

types were detected to be significant for 

main culm spike length, number of spikelets 

per main culm spike, number of kernels per 

spikelet and grain yield per main culm spike 

in all crosses under investigation, days to 

heading and 1000 grain weight in the 

second cross and plant height in both 

crosses. Positive and significant results 

confirm the importance role at dominance x 

dominance gene interaction in the genetic 

system controlling these characters. This 

would be indicated by Hendawy et al. (2007 

b), Mekhamer (2009), El-Shaarawy and 

Morad (2011), Kumber and El-Gammal 

(2012), Abd El-Rahman (2013) and 

Dawwam et al., (2015). 

It is worth to mention that the three 

epistatic types aa, ad and dd were found to 

be accompanied by significant estimates of 

both E1 and E2 epistatic scales in most traits 

studied and that would ascertained the 

presence of epistasis in such large 

magnitude as to warrant great deal of 

attention in a wheat breeding programs. 

Also, the heterotic effects previously 

mentioned could be due to both dominance 

and epistasis. The presence of both additive 

and non-additive gene action in mostly all 
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traits studied would indicate that selection 

procedures based on the accumulation of 

additive effects should be successful in 

improving all traits under investigation. 

However, to maximize selection advance, 

procedures which are known to be effective 

in shifting gene frequency when both 

additive and non-additive genetic variances 

are involved would be preferred. Similar 

results were previously reported by 

Hendawy et al. (2007 b), Ghanem (2008), 

Mekhamer (2009), El-Shaarawy and Morad 

(2011), Kumber and El-Gammal (2012)) and 

Dawwam et al., (2015).    

Under 70 kg N/fed nitrogen fertilization, 

the estimated mean effects parameter (m), 

which reflects the contribution due to the 

overall mean plus the locus effects and 

interaction of the fixed loci, were found to be 

highly significant for all traits in the two 

crosses. The additive gene effects (a) were 

found to be significant and highly significant 

for days to heading, plant and 1000 grains 

weight in all crosses, main culm spike 

length, number of spikelets per main culm 

spike and grain weight per main culm spike 

in the second, number of spikes per plant in 

the first cross only and number of grains per 

spikelet in the first. This would be indicated 

by El-Shaarawy and Morad (2011), Koumber 

(2011), Dawwam et al., (2015) and Marwa. 

M. El-Nahas (2015). 

Dominance gene effects (d) were found 

to be significant in the two crosses under 

investigation for number of spikelets per 

main culm spike in the four crosses under 

investigation, days to heading and grain 

weight per plant in the first, second cross, 

plant height and main culm spike length in 

the first and second crosses, number of 

grains per main culm spike and grain weight 

per main culm spike in the second cross, 

number of spikes per plant and number of 

grains per spikelets in the second cross and 

1000 grains weight in the second cross, 

suggesting that the dominance factors play 

a great role in the inheritance of these traits. 

Similar results were obtained by Menshawy 

(2008), El-Shaarawy and Morad (2011) and 

Mohammed et al., (2013). 

Significant additive x additive (aa) 

epistasic types were detected for days to 

heading, 1000 grains weight, plant height 

and number of grains per spikelets in both 

crosses, main culm spike length in all 

crosses. Number of grains per main culm 

spike and grain weight per main culm spike 

in the second cross, grain weight per plant in 

the first cross. This would be indicated by 

Hendawy et al. (2007 b), Ghanem (2008), 

Hendawy et al., (2009), Koumber (2011) and 

and Marwa. M. El-Nahas (2015). 

The estimated values of additive x 

dominance (ad) types of digenic epistasis 

were found to be significant for days to 

heading and 1000 grains weight in the first 

cross, plant height and number of spikes per 

plant and main culm spike length in both 

crosses, number of spikelets per main culm 

spike in the second cross, number of grains 

per spikelets sand grain weight per plant in 

the second cross only. This would be 

indicated by, El-Shaarawy and Morad 

(2011), Koumber (2011), Kumber and El-

Gammal (2012), Abd El-Rahman (2013) and 

Dawwam et al., (2015). 

Dominance x dominance (dd) epistatic 

types were detected to be significant for 

days to heading, number of spikes per plant 

and grain weight per main culm spike in the 

second cross, plant height, grain weight per 

plant and 1000 grain weight in the first cross, 

main culm spike length and number of 

spikelets per main culm spike in all crosses 

and number of grains per spikelets in the 

first and second crosses. This also founded 

by Hendawy et al. (2007 b), Ghanem (2008), 

Kumber and El-Gammal (2012), Abd El-

Rahman (2013) and Dawwam et al., (2015). 

It is worth to mention that the three 

epistatic types aa, ad and dd were found to 
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be accompanied by significant estimates of 

both E1 and E2 epistatic scales in most traits 

studied and that would ascertained the 

presence of epistasis in such large 

magnitude as to warrant great deal of 

attention in a wheat breeding programs. 

Also, the heterotic effects previously 

mentioned could be due to both dominance 

and epistasis. The presence of both additive 

and non-additive gene action in mostly all 

traits studied would indicate that selection 

procedures based on the accumulation of 

additive effects should be successful in 

improving all traits under investigation. 

However, to maximize selection advance, 

procedures which are known to be effective 

in shifting gene frequency when both 

additive and non-additive genetic variances 

are involved would be preferred. Regarded 

to Hendawy et al. (2007 b), Mekhamer 

(2009), El-Shaarawy and Morad (2011), 

Kumber and El-Gammal (2012), Abd El-

Rahman (2013) and Dawwam et al., (2015). 

 

7. Heritability and genetic 
advance: 

Heritability in both broad and narrow 

sense and genetic and advance under 

selection were computed and the obtained 

results are illustrated in Table (6). High 

heritability estimates in broad sense were 

detected for nearly all traits studied. 

Under 35 kg/fed nitrogen fertilization, 

high estimates of narrow sense heritability 

were found for plant height, number of 

spikes per plant and number of spikelets per 

main culm spike in all crosses under 

investigation, main culm spike length, grain 

yield per main culm spike and 1000-grain 

weight in the second cross only. 

 Under 70 kg N/fed nitrogen fertilization, 

high estimates of narrow sense heritability 

were found for plant height, number of 

grains per main culm spike, grain weight per 

main culm spike, number of spikelets per 

main culm spike, grain weight per plant and 

1000 grains weight in the first cross, number 

of grains per spikelets in the second cross 

only, in. Similar results were obtained by 

Hendawy et al. (2007 b), Ghanem (2008), 

Larghari et al., (2010), Koumber (2011) and 

El-Shaarawy and Morad (2011).  

Moderate estimates of narrow sense 

heritability under 35 kg N/fed nitrogen 

fertilization were obtained for grain weight 

per plant, days to heading and number of 

grains per spikelet in the first and second 

crosses, main culm spike length, number of 

kernels per main culm spike, grain yield per 

main culm spike and 1000-grain weight in 

the first cross, and grain yield per main culm 

spike in the second cross only.  

Under 70 kg N/fed nitrogen fertilization, 

moderate estimates of narrow sense 

heritability were obtained for days to 

heading and number of spikelets per main 

culm spike, number of spikes per plant, main 

culm spike length, number of grains per 

main culm spike, 1000 grains weight and 

grain weight per plant in the second cross. 

Low values of narrow sense heritability were 

observed for days to heading, number of 

spikes per plant main culm spike length and 

number of grains per spikelet in the first 

cross. The differences in magnitudes of both 

broad and narrow sense heritability 

estimates which were found for most traits 

under investigation would ascertained the 

presence of both additive and non-additive 

gene action in the inheritance of most traits 

in all crosses studied as previously obtained 

from gene action parameters study Table 

(6). This were agreed with this reported by 

Hendawy et al. (2007 b), Ghanem (2008), 

Larghari et al., (2010) and Koumber (2011).  

Genetic advance under selection which 

are given in Table (6) show the possible gain 

from selection as percent increase in the F3 

over the F2 mean when the most desirable 5 

% of the F2 plants are selected. Genetic 

advance under selection (∆G %) was found  
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Table (6): Heritability estimates, genetic advanced (∆g) and genetic advance 

expressed as a percent of F2 means (∆g%) for all characters studied in the 

two crosses under investigation under 35 and 70 kg n/fed of nitrogen 

fertilization. 

Characters 
Kg N/ 
fed 

Cross 

Heritability 
Genetic 
advance 

Broad 
sense 

Narrow 
sense 

∆g ∆G% 

Days to heading 

35 
1 

2 

87.96 

78.77 

44.59 

47.28 

5.34 

5.52 

6.51 

6.36 

70 
1 

2 

85.38 

86.27 

27.17 

47.00 

3.02 

5.32 

3.70 

5.93 

Plant height 

35 
1 

2 

94.19 

77.84 

54.44 

56.59 

11.77 

10.16 

10.08 

8.47 

70 
1 

2 

90.05 

67.53 

58.03 

53.42 

11.69 

9.33 

9.97 

7.63 

Number of spikes per plant 

35 
1 

2 

83.11 

78.88 

52.87 

55.20 

2.84 

5.02 

47.62 

67.06 

70 
1 

2 

79.98 

66.67 

37.13 

40.27 

1.83 

2.14 

34.10 

24.44 

Main culm spike length 

35 
1 

2 

86.70 

91.42 

47.80 

66.86 

1.33 

1.82 

11.34 

10.72 

70 
1 

2 

82.53 

85.24 

32.90 

42.28 

0.835 

1.06 

6.83 

8.12 

Number of spikelets / main culm spike 

35 
1 

2 

90.15 

81.65 

54.14 

53.36 

2.12 

1.70 

9.73 

7.09 

70 
1 

2 

88.77 

78.95 

55.25 

94.39 

2.17 

1.60 

10.13 

6.64 

Number of kernels per spikelet 

35 
1 

2 

83.90 

82.76 

43.82 

44.83 

0.852 

0.497 

23.02 

22.81 

70 
1 

2 

82.73 

74.60 

32.53 

52.38 

0.611 

0.495 

16.41 

20.96 

Number of kernels per main culm spike 

35 
1 

2 

83.35 

83.15 

42.23 

54.43 

15.12 

16.40 

26.07 

24.50 

70 
1 

2 

80.92 

80.00 

57.60 

45.65 

19.42 

13.31 

38.65 

19.44 

1000 grains weight 

35 
1 

2 

82.00 

75.09 

38.56 

57.34 

7.59 

10.51 

13.11 

24.57 

70 
1 

2 

93.92 

65.44 

56.99 

41.70 

11.61 

7.13 

19.11 

15.44 

Grain yield per main culm spike 

35 
1 

2 

89.56 

64.98 

48.57 

37.98 

1.03 

0.695 

35.48 

23.10 

70 
1 

2 

82.21 

62.84 

67.23 

54.02 

1.51 

1.04 

49.05 

32.04 

Grain yield per plant 

35 
1 

2 

94.19 

78.04 

47.92 

49.01 

8.58 

9.59 

78.38 

49.98 

 

70 

1 

2 

88.39 

76.06 

35.82 

35.15 

6.61 

6.84 

45.51 

32.71 
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Johnson et al. (1955) reported that 

heritability estimates a long with genetic gain 

upon selection were more valuable than the 

former alone in predicting the effect of 

selection. On the other hand, Dixit et al. 

(1970) pointed out that high heritability is not 

always associated with high genetic 

advance, but in order to make effective 

selection, high heritability should be 

associated with high genetic gain. 

In the present investigation, high genetic 

gain was found to be associated with high 

narrow sense heritability estimates for 

number of spikes, number of kernels per 

spikelet, grain yield per main culm spike, 

number of grains per main culm spike, grain 

yield per main culm spike and grain yield per 

plant in all crosses studied and plant height 

and number of kernels per main culm spike, 

main culm spike length and number of 

spikelets per main culm spike in the first 

cross under 35 kg/fed nitrogen fertilization. 

Under 70 kg/fed nitrogen fertilization high 

genetic gain was found to be associated 

with high narrow sense heritability estimates 

for grain weight per plant in the first cross. 

Therefore, selection for these straits should 

be effective and satisfactory for successful 

breeding proposes.  

Moderate estimates of narrow sense 

heritability and high or moderate genetic 

advance were obtained for number of spikes 

per plant in all crosses, grain yield per plant 

in the first cross under 35 kg/fed nitrogen 

fertilization. Under 70 kg/fed nitrogen 

fertilization moderate estimates of narrow 

sense heritability and high or moderate 

genetic advance were obtained for grain 

weight per main culm spike in the first cross. 

Selection for these traits would be effective, 

but probably of less success than in the 

former characters. 

Relatively low narrow sense heritability 

was associated with moderate or low 

estimates of genetic gain, 1000-grain weight 

in the first cross, grain yield per main culm 

spike in the second cross only under 35 

kg/fed nitrogen fertilization. Under 70 kg/fed 

nitrogen fertilization selection for these traits 

would be effective, but probably of less 

success than in the former characters. 

Relatively low narrow sense heritability 

was associated with moderate or low 

estimates of genetic gain for most traits in all 

crosses. Hence selection procedures for 

these traits would be of less effectiveness. 

This were agreed with this reported by 

Hendawy et al. (2007 b), Ghanem (2008) 

and Mekhamer (2009)  

 

CONCLUSION 
Studying six populations analysis showed 

that hybrid combination Sids 1 X Gemmeiza 

5 was detected to be the highest cross 

showed significant useful heterosis for grain 

yield per plant under both nitrogen 

fertilizations. The additive gene effects (a) 

were found to be significant for days to 

heading, plant height and 1000 grains 

weight for all crosses under investigation 

under the two levels of nitrogen fertilization. 

Dominance gene effects (d) were found to 

be significant in the two crosses for number 

of spikelets/main culm spike under 

35kg.n./fed only. The three epistatic types 

additive × additive, additive × dominance 

and dominance × dominance were found to 

be significant for most traits under 

investigation. High genetic advance under 

selection was found to be associated with 

high narrow sense heritability estimates for 

number of spikes per plant and grain yield 

per plant. 

That give chance to improve wheat in 

breeding programs toward increasing yield 

potentiality and some related characters.  
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المختمفه لمتباين الوراثى )المضيف، السيادى والتفوقى( تحت الظروف تحديد وتقدير المكونات 
 البيئيه القاسيه والعاديه في قمح الخبز

تقدير مكونات التباين الوراثى في هجينين من قمح الخبز تحت مستويين  -1  
  من التسميد الآزوتى

 

 (1)سراج الدين، منى محمد محمد ( 2)، محروس عبد الغنى( 1)، فتحى هنداوى(1)حسان دوام
 مصر -جامعة المنوفية   -كمية الزراعة  -قسم المحاصيل  )1(
 مصر - الزراعية البحوث مركز  - القمح بحوث قسم )2(

 الممخص العربى
تيدف ىذه الدراسة الى معرفة قوة اليجين ودرجة السيادة والسموك الوراثي ودرجة التوريث والتحسين الوراثي 

× 1الفعل الجيني لصفات المحصول ومكوناتو في ىجينين من القمح ىما الأول )سدس  المتوقع بالانتخاب وطبيعة
كجم ازوت / فدان،  35( وذلك تحت مستويين من التسميد الازوتى ىي 4سدس ×  9والثاني )جميزه  (5جميزه 

الزراعة بشبين كجم ازوت / فدان  وذلك باستخدام موديل العشائر الستة وقد أجري البحث في مزرعة كمية  70
(. وكانت 2011/2012، 2010/2011، 2009/2010الكوم جامعة المنوفية في ثلاث مواسم متتالية ىي )

طول سنبمة  –عدد السنابل بالنبات  –طول النبات )سم(  -السنابل )يوم(  الصفات المدروسة ىي: ميعاد طرد
وزن  –عدد حبوب السنبمة  -لحبوب بالسنيبمو عدد ا –عدد السنيبلات بالساق الرئيسيو  –الساق الرئيسيو )سم( 

 محصول النبات )جم(. -محصول سنبمة الساق الرئيسيو )جم(  –حبو  1000
 ويمكن تمخيص النتائج المتحصل عميها لكلا الهجينين تحت المستويات المختمفة من الأزوت فيما يمى:

% و 37.5بات حيث كانت ( اعمى قوة ىجين لصفة محصول الن5جميزه × 1أظير اليجين )سدس  -1
 كجم ن/فدان عمى التوالى. 70و  35% تحت مستويي التسميد 76.11

 وجد ان الانخفاض الناتج عن التربيو الداخميو عالى المعنويو في معظم الحالات في اليجينين تحت الدراسو. -2
يسيو لكل اليجن تحت معنويا لطول النبات وعدد السنيبلات في سنبمة الساق الرئ E1كان مقياس التفوق  -3

طول سنبمة الساق الرئيسيو وعدد الحبوب  معنويا لميعاد الطرد، E2مستويي التسميد. كذلك كان مقياس التفوق 
 بالسنيبمو تحت مستويي التسميد النيتروجيني.

حبو لجميع  1000كانت تأثير الجينات من النوع المضيف معنويا لصفات ميعاد الطرد، طول النبات ووزن  -4
 ليجن تحت الدراسو تحت مستويي التسميد .ا

كانت تأثير الجينات من النوع السيادى معنويا لصفة عدد سنيبلات السنبمو الرئيسيو لجميع اليجن تحت الدراسو  -5
 كجم ن/ فدان. 35تحت مستوى التسميد 

× و )السيادي السيادي( × المضيف( و )المضيف × كان فعل الجينات التفوقى بطرزه الثلاثة )المضيف  -6
 السيادي( معنويا لمعظم الصفات المدروسة في كلا اليجينين تحت مستويات النتروجين المختمفة.
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عالية لمعظم الصفات المدروسة بينما كانت الكفاءة الوراثية بمعناىا  كانت قيمة درجة التوريث بمعناىا العام -7
د السنابل بالنبات ، طول سنبمة الساق الرئيسيو ، عدد الدقيق عاليو بالنسبة لمميعاد الطرد ، طول السنبمة ، عد

 الحبوب لمسنيبمو، عدد حبوب سنبمة الساق الرئيسيو  ومحصول النبات تحت مستوى التسميد المنخفض.
كانت القيم العالية لمتحسين الوراثي المتوقع بالانتخاب مصاحبو لمقيم العالية لدرجة التوريث بالمعنى الدقيق  -8

 لسنابل بالنبات و محصول النبات لجميع اليجن تحت المستوى المنخفض من التسميد الازوتى.لصفة عدد ا
 .ن المتحصل عمييا من اليجين الآخروجد ان المعالم الوراثيو الناتجو من اليجين الثانى أعمى م -9

تعتمد عمى  في برامج التربيو خاصة البرامج التى5جميزه × 1وعميو يمكن التوصيو باستخدام اليجين سدس 
التيجين والانتخاب )الانتخاب المتكرر( وكذلك برامج التربيو لمظروف البيئيو القاسيو حيث انو اظير تفوقا عالى 
المعنويو في أغمب الصفات خاصة صفة المحصول والصفات المرتبطو بو تحت مستويى التسميد العادى و 

 المنحفض.
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