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ABSTRACT 
       

Grain yield and its components and some growth attributes were studied at 
Sakha Agriculture Research Station during the three successive seasons 2008/09, 
2009/10 and 2010/11, to determine the type of gene effects by using the six 
populations (P1, P2 , F1 , F2, BC 1 and BC2) of five barley crosses, namely: cross 1 
(Giza 121 × Line 1); cross 2 (Giza 121 × Line 2); cross 3 (Giza 126 × Line 1), cross 4 
(Giza 126 × Line 1)  and cross 5 (Line 1× Line 2). Generation means were 
significantly different for all studied traits in all crosses; the mean for F1 values 
exceeded the mid parent for all studied traits in the five crosses for days to heading 
and days to maturity, were earlier than the mid-parent, indicating partial dominance. 
The F2 values were approximately equal to the mid parent values and less than the F1 
mean values, indicating that inbreeding depression has occurred. BC1 and BC2 mean 
values varied according to the trait itself, it was in the direction of their respective 
recurrent parents for the studied characters with some exceptions. Results, in general 
indicated presence of non-allelic interaction for all studied traits in all crosses under 
study; the additive effect was more important and greater than the dominance effect 
for most traits. Among the epistatic components, dominance × dominance was greater 
in the magnitudes than additive × additive and additive × dominance in the most 
studied traits. Positive heterotic effects relative to the mid-parent were found for most 
of the traits in the five crosses, except for heading and maturity dates that showed 
negative heterotic effects. Also positive heterotic effects relative to the better parent 
were found for the most of crosses.  Heritability estimates in narrow sense were low to 
moderate for the studied characters in all crosses, ranged from 16.37% for spike 
length in the fifth cross to 66%for days to heading in the second cross. The predicted 
genetic advance was low to moderate in all studied traits. The crosses Giza 121 × line 
1, Giza 126 × line 1 and line 1 × line 2 would be of interest in a breeding program, for 
improving characters of earliness, yield and its components. 
Keywords: Barley, Heterosis, Gene action, Heritability, Genetic advance. 
 

INTRODUCTION 
 

In Egypt, barley (Hordeum vulgare L.) is one of the most important 
cereal crops mainly used for animal feed (grain and straw) and bread making 
by Bedouins. Also, it is one of the most important winter cereal crops grown 
mainly in rainfed areas where limited water supply is a feature such as in the 
Northwest Coastal region and North of Sinai, also grow over wide range of 
soil variability and under many diverse climatic conditions compared with 
many other grain crops.  

The choice of an efficient breeding program depends largely on the 
knowledge of gene action involved in the expression of the character. 
Different genetic cross designs such as generation mean, line × tester and 
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diallel analyses were used to estimate gene action of yield and its 
components in barley. Generation mean analysis is a simple but useful 
technique for estimating gene effects for a polygenic trait, its greatest merit 
lying in the ability to estimate epistatic gene effects such as additive × 
additive (aa), dominance × dominance (dd) and additive × dominance (ad) 
effects (Singh and Singh, 1999). Besides gene effects, breeders would also 
like to know how much of the variation in a crop is genetic and to what extent 
this variation is heritable. This is because efficiency of selection mainly 
depends on additive genetic variance, influence of the environment and 
interaction between genotype and the environment. 

The present investigation was planned to determine the type of gene 
action and to estimate some genetic parameters in five barley crosses 
derived from four parental barley genotypes using six populations of each 
cross.   
 

MATERIALS AND METHODS 
 

The present study was carried out at the Experimental Farm of Sakha 
Agricultural Research Station (SARS), North region of Nile Delta,  Agricultural 
Research Center (ARC), Egypt, during three winter successive growing 
seasons i.e., (2008/09), (2009/10) and (2010/11). The genetic materials used 
in this investigation included four barley genotypes representing a wide range 
of diversity for several agronomic characters presented in Table 1, to 
determine the type of gene effects using the six populations (P1, P2 , F1 , F2, 
BC1 and BC2).  
 
Table (1): Name, pedigree and origin of the four barley genotypes. 
No Name Origin Pedigree 
1 Giza 121 Egypt Baladi 16/Gem 
2 Giza 126 Egypt 'Baladi Bahteem'/، SD729-por12762-Bc' 
3 Line 1 ICARDA Alanda// Lignee 527/ Arar 

4 Line 2 ICARDA 
M64-76/ Bon/ Jo/York/3/M5/Galt//As 46/ 4/ Hj 
34-80 /Astrix / 5 /NK /272 

 
In the first season the four parental barley genotypes shown in table 1 

were grown and five crosses were chosen and crossing was made by hand; 
i.e., cross 1(Giza 121× Line 1), cross 2 (Giza 121× line 2), cross 3 (Giza 126 
× Line 1), cross 4 (Giza 126 × line 2) and cross 5 (line 1× line 2). In the 
second season, seeds of the five F1's were sown to produce F1 plants. Each 
of F1 plants were crossed back to their respective parent to produce first 
correspondent backcross (BC1) and the correspondent second backcross 
(BC2) in the same time also, the four parents were re-crossed again in the 
same season to produce the F1's seeds of the five crosses, and the F1 plants 
were selfed to produce F2 seeds. In the third season, the obtained seeds of 
the six populations P1, P2, F1, F2, BC1 and BC2 of five crosses were grown 
together during the cropping season (2010/11) in three replications in rows, 3 
m long. The spaces between rows were 30 cm, while it was 10 cm between 
plants. Each plot consisted of 17 rows (1P1, 1P2, 1F1, 2BC1, 2BC2 and 10F2). 
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All recommended culture practices were applied at proper time as in barley 
production. Data were recorded on 30, 30, 300 and 75 random guarded 
plants for each parent, F1, F2 and each backcross of each cross. The studied 
traits were; days to heading (day), days to maturity(day), flag leaf area(cm2), 
total chlorophyll content/plant, plant height (cm), spike length(cm), number of 
spikes/ plant, number of grains/spike, 100-grain weight (g) and grain yield/ 
plant (g). Various biometrical parameters were calculated for different traits 
only if the F2 genetic variance was significant. Heterosis was expressed as 
the percentage of the deviation of F1 hybrid over mid and better parent 
values. Inbreeding depression was calculated as the difference between the 
F1 and F2 means expressed as a percentage of the F1 mean.  
Statistical and genetic analysis: 

The population means and the variances were used to carry on Scaling 
test as outlined by Mather (1949) and Hayman and Mather (1955), to 
determine the presence of non-allelic gene interactions. Means of the six 
populations in each cross were used to estimate the six parameters of gene 
effects, using Gamble’s procedure (1962). The standard error of a, d, aa, ad 
and dd was obtained by taking the square root of their respective variances. 
"t" test values were calculated by dividing the effects of a, d, aa, ad and dd 
on their respective standard errors. Heritability estimates were computed in 
both broad (h2b) and narrow senses (h2n) for F2 generation according to 
Allard (1960) and Mather (1949). While, the expected genetic advance under 
selection (∆g) was computed according to Johnson et al., (1955). In addition, 
this expected gain was expressed as a percentage of F2 mean (∆g %) 
according to Miller et al., (1958).  

 
RESULTS AND DISCUSSION 

 
Mean performance. 

Mean and variance of the studied traits in the five crosses for six 
populations P1, P2, F1, F2, BC1 and BC2 are presented in Table 2. Data 
indicated that there were significant differences among generations in all 
traits under study. 

The F1 mean performance values exceeded the mid values of the two 
parental means for most of studied traits in the five crosses except heading 
and maturity dates, which were earlier than the mid parent indicating the 
presence of partial dominance.  

The F2 population mean performance value was intermediate between 
the two parents and less than F1 mean performance values for most crosses. 
While, F2 populations mean performance values were late than F1 mean 
values for heading and maturity dates cleared the importance of non-additive 
components of genetic variance for the studied traits. However, both BC1 and 
BC2 mean performance values varied according to the cross itself and tended 
towards the mean of its recurrent parent. Similar results were obtained by Eid 
(2006) and El- Sayed (2007). 
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Table (2): Mean performance (X¯) and ± standard error (SE) of the six 
populations (P1, P2, F1, F2, BC1 and BC2) for all studies 
characters in the five crosses. 

character Crosses P1 P2 F1 F2 BC1 BC2 
 
Days to 
heading 
(day) 
 

1 90.50±0.10 87.97±0.07 89.00±0.13 92.86±0.06 91.17±0.18 90.40±0.19 

2 91.03±0.09 97.20±0.04 92.77±0.11 95.27±0.09 93.80±0.26 99.87±0.20 

3 97.40±0.07 90.27±0.12 91.02±0.11 97.84±0.04 99.69±0.12 92.27±0.16 

4 99.07±0.09 98.67±0.12 97.01±0.12 98.60±0.08 99.85±0.21 98.44±0.22 

5 88.80±0.04 96.13±0.09 90.85±0.09 97.18±0.05 91.77±0.17 96.45±0.18 

 
Days to 
maturity 
(day) 
 

1 136.90±0.10 135.73±0.10 135.27±0.13 137.86±0.06 138.76±0.21 136.15±0.21 

2 136.10±0.10 142.30±0.11 138.10±0.10 139.60±0.07 136.00±0.23 137.90±0.21 

3 144.80±0.07 135.60±0.10 140.07±0.08 138.86±0.06 141.81±0.19 139.45±0.18 

4 144.40±0.07 137.60±0.11 139.13±0.07 140.48±0.07 142.45±0.24 139.67±0.20 

5 135.73±0.10 143.40±0.11 137.30±0.11 138.95±0.06 136.59±0.19 139.20±0.20 

 
Flag 
leaf area 
(cm2) 

1 13.07±0.02 3.41±0.00 13.59±0.06 10.06±0.02 8.96±0.06 7.45±0.04 

2 12.55±0.01 5.24±0.01 7.53±0.05 9.36±0.02 9.68±0.05 8.11±0.05 

3 10.45±0.02 3.42±0.00 11.38±0.06 9.00±0.01 8.04±0.05 8.18±0.05 

4 10.36±0.02 5.14±0.01 9.23±0.04 9.81±0.01 9.76±0.05 8.46±0.04 

5 3.39±0.00 5.20±0.00 6.12±0.04 6.00±0.01 5.60±0.02 6.96±0.03 

 
Total 
chlorophyll 
Content/plant
 

1 38.29±0.05 35.40±0.04 39.12±0.08 37.68±0.05 37.36±0.15 36.64±0.17 

2 38.00±0.05 40.20±0.05 40.07±0.05 38.69±0.06 40.19±0.18 42.73±0.19 

3 31.70±0.07 35.60±0.04 36.11±0.06 38.25±0.07 33.81±0.20 37.06±0.21 

4 31.10±0.07 40.46±0.05 36.47±0.06 35.82±0.07 33.20±0.23 37.91±0.23 

5 35.70±0.04 39.98±0.05 40.71±0.08 37.84±0.06 37.26±0.20 40.08±0.21 

 
Plant height 
(cm) 
 
 

1 115.33±0.37 112.50±0.35 115.90±0.38 113.01±0.37 114.20±1.27 113.27±1.32 

2 116.20±0.38 112.33±0.48 119.00±0.48 118.63±0.24 118.30±0.73 113.43±0.79 

3 116.73±0.46 112.00±0.35 120.33±0.47 115.75±0.35 118.73±1.14 114.53±1.21 

4 117.83±0.46 111.50±0.48 121.00±0.44 113.88±0.31 119.00±0.99 113.15±0.96 

5 111.83±0.35 112.33±0.47 110.07±0.48 114.04±0.39 110.40±1.27 113.30±1.32 

 
Spike 
length 
(cm) 
 

1 7.87±0.01 7.77±0.01 8.37±0.01 7.02±0.01 7.91±0.02 7.75±0.03 

2 7.50±0.01 7.75±0.01 7.80±0.01 6.78±0.01 7.83±0.02 7.80±0.02 

3 4.32±0.01 7.33±0.01 5.68±0.02 5.30±0.01 4.98±0.02 7.19±0.02 

4 4.90±0.01 7.30±0.01 6.57±0.01 5.98±0.01 9.00±0.02 7.43±0.03 

5 7.51±0.01 7.43±0.01 8.00±0.01 7.32±0.01 8.04±0.02 7.510.03 

 
Number of 
spikes / 
plant 
 

1 12.87±0.05 12.51±0.04 14.00±0.06 11.77±0.02 13.14±0.06 12.83±0.07 

2 12.70±0.05 13.67±0.05 13.98±0.06 11.89±0.02 12.81±0.06 13.74±0.08 

3 12.82±0.03 12.44±0.04 14.07±0.04 12.93±0.03 12.97±0.11 12.53±0.09 

4 12.93±0.03 13.52±0.04 14.01±0.06 12.71±0.02 13.02±0.06 13.67±0.04 

5 12.67±0.04 13.87±0.05 13.98±0.06 12.08±0.02 12.90±0.06 13.94±0.06 

 
Number of 
grains / 
spike 
 

1 58.09±0.29 59.31±0.20 63.70±0.32 55.10±0.31 56.16±1.10 53.89±1.07 

2 57.00±0.29 55.73±0.26 57.50±0.30 54.30±0.33 54.77±1.19 57.80±1.16 

3 40.57±0.24 59.46±0.19 55.00±0.30 55.12±0.30 54.71±1.07 55.33±1.04 

4 40.70±0.26 55.93±0.26 52.50±0.30 51.98±0.33 53.84±1.17 55.57±1.19 

5 59.40±0.19 55.64±0.26 60.00±0.32 57.72±0.32 61.09±1.13 56.16±1.15 

 
100-grain 
Weight (g) 
 
 

1 5.85±0.002 4.33±0.003 6.00±0.003 4.83±0.001 5.04±0.004 4.50±0.003 

2 5.70±0.003 4.20±0.002 5.23±0.003 5.10±0.001 5.21±0.003 4.70±0.003 

3 4.82±0.002 4.35±0.003 4.84±0.003 4.29±0.001 4.80±0.002 4.15±0.003 

4 4.90±0.002 4.26±0.003 4.64±0.003 4.39±0.001 4.70±0.003 4.30±0.003 

5 4.36±0.003 4.22±0.002 5.44±0.003 4.09±0.001 4.26±0.003 4.15±0.003 

 
Grain yield / 
Plant (g) 
 
 

1 26.60±0.38 24.71±0.27 27.43±0.41 22.12±0.08 20.02±0.26 20.86±0.29 

2 26.77±0.37 24.19±0.28 27.15±0.38 23.13±0.10 27.32±0.31 24.70±0.33 

3 23.44±0.32 24.63±0.27 24.98±0.36 26.62±0.11 27.34±0.34 26.18±0.33 

4 23.50±0.32 24.25±0.28 24.92±0.32 23.54±0.10 24.45±0.32 24.59±0.31 

5 24.66±0.27 24.17±0.28 24.94±0.32 24.19±0.09 28.84±0.32 24.55±0.29 

Cross 1= (Giza 121× Line 1), Cross 2= (Giza 121 × Line 2), Cross 3 = (Giza 126 × Line 1), 
Cross4 = (Giza 126 × Line 2) and Cross 5 = (Line 1× Line 2). 



J. Plant Production,  Mansoura Univ., Vol. 2 (11), November, 2011 

 1541 
 

Estimation of type of gene action: 
Generation mean analysis helps plant breeders to determine the relative 

importance of each type in genetic variation in the inheritance of different 
quantitative characters and understanding the performance of the parent, 
which used in the hybrid combinations. Testing for non-allelic interaction (A, B 
and C) together with the six parameters model and type of epitasis are given 
in table 3. The results revealed the presence of non-allelic interaction for most 
studied characters in the most studied crosses except for the fourth cross in 
chlorophyll content and grain yield/plant, the third cross in no. of spikes/plant 
and the fifth cross in no. of grains/spike  it indicated the absence of non-allelic 
interaction. It worthy to mention that at least one of the A, B and C tests was 
significant for the previous characters, indicating adequacy of the six 
parameter model to explain the type of gene action controlling the trait in these 
crosses. 

The determined mean parameter (m) for all studied attributes was found 
to be highly significant for the five crosses, it is clear that all studied traits were 
quantitatively inherited.  

Additive gene effects (a) were quiet small in magnitude relative to the 
dominance gene effects. significant or highly significant positive additive gene 
effects were obtained for days to heading in the third and fourth crosses, 
days to maturity in the first, third and fourth crosses, all crosses for flag leaf 
area except fifth cross, plant height in the second, the third and the fourth 
crosses, spike length in the fourth and the fifth cross, no. of grains/spike in 
the fifth cross, all crosses in 100-grain except for the fifth cross and grain 
yield/plant in the fifth cross. On the other hand, it was negative highly 
significant for days to heading and maturity dates in the second and the fifth 
crosses; flag leaf area in the fifth cross, in chlorophyll content in all crosses 
except for the first cross was non-significant. These results are in harmony 
with those obtained by Sharma et al., (2003), Singh et al., (2002), Eid (2006), 
El-Sayed (2007) and El-Shawy (2008).  

The estimates of dominance (d) effects Table 3 were highly significant 
positive in the second cross for days to heading; the third cross for days to 
maturity; the first and the fourth crosses in flag leaf area, the second and the 
fifth crosses in chlorophyll content and grain yield/plant, the fourth cross in 
plant height and no. of grains/spike, all crosses in spike length, the first, the 
second and the fifth crosses in no. of spikes/plant and the first, the third and 
the fifth crosses in 100-grain weight, indicating the importance of dominance 
gene effects in the inheritance of these traits. On the other hand, significant 
of (a) and (d) components indicated that both additive and dominance gene 
effects were important in the inheritance of these traits and selecting 
desirable traits would be effective in the late generations. These results are 
in agreement with results of Abul-Naas et al., (1993), El-Seidy (1997b), Eid 
(2006), El-Sayed (2007), El-shawy (2008) and Eshghi, and Akhundova 
(2009). 
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Table 3:  Estimates of scaling tests and gene effects for all studied 
characters in the five crosses. 

Characte
rs 

 
Crosse
s 

Scaling test Gene action Type of 
Epistas

is A B C ( m ) ( a ) ( d ) ( aa ) ( ad ) ( dd ) 

 
Days to 
Heading 
(day) 
 

1 2.84** 3.83** 14.97** 92.86** 0.77 -8.53** -8.30** -0.5 1.63 Dupl. 
2 3.79** 9.76** 7.30** 95.27** -6.07** 4.91** 6.25** -2.98** -19.81** Dupl. 
3 10.96** 3.25** 21.66** 97.84** 7.42** -10.26** -7.45** 3.86** -6.77** Comp. 
4 3.62** 1.2 2.66 98.60** 1.41* 0.31 2.17 1.21 -6.99* Dupl. 
5 3.89** 5.91** 22.07** 97.18** -4.68** -13.88** -12.27** -1.01 2.46 Dupl. 

 
Days to 
Maturity 
(day) 
 

1 5.35** 1.3 8.27** 137.86** 2.610** -2.67 -1.62 2.03** -5.03 Comp. 
2 -2.20* -4.60** 3.80** 139.60** -1.900** -11.70** -10.60** 1.2 17.40** Dupl. 
3 -1.24 3.24** -5.10** 138.86** 2.357** 6.97** 7.10** -2.24** -9.09** Dupl. 
4 1.37 2.60** 1.65 140.48** 2.783** 0.46 2.33 -0.62 -6.31* Dupl. 
5 0.14 -2.30* 2.05 138.95** -2.610** -6.47** -4.21** 1.22 6.36* Dupl. 

 
Flag leaf 
Area 
(cm2) 

1 -8.37** -3.90** -10.84** 8.06** 2.51** 4.21** -1.43 -2.23** 13.69** Comp. 
2 -0.80 1.55** 0.62** 8.36** 2.57** -1.23 0.13 -1.17* -0.88 Comp. 
3 -7.68** -2.29** -4.41 8.00** 0.86** -1.01 -5.56** -2.70** 15.53** Dupl. 
4 -2.00 0.59** -2.63** 7.81** 1.30** 2.75** 1.22 -1.29** 0.19 Comp. 
5 -0.21** 0.63** 3.29** 6.00** -1.36** -0.99 -2.87** -0.42 2.45* Dupl. 

 
chloroph
yll/ 
plant 
 

1 -2.68** -1.24 -1.22 37.68** 0.72 -0.43 -2.7 -0.72 6.63** Dupl. 
2 2.31* 5.19** -3.59** 38.69** -2.54** 12.05** 11.08** -1.44* -18.58** Dupl. 
3 -0.19 2.41* 13.48** 38.25** -3.25** -8.80** -11.26** -1.30* 9.04** Dupl. 
4 -1.17 -1.11 -1.23 35.82** -4.71** -0.36 -1.05 -0.03 3.33 Dupl. 
5 -1.89* -0.54 -5.7** 37.84** -2.82** 6.17** 3.30* -0.68 -0.88 Dupl. 

 
Plant 
Height 
(cm) 
 

1 -2.83 -1.86 -7.59** 113.01** 0.93 4.88 2.90 -0.49 1.79 Comp. 
2 1.40 -4.47* 7.98** 118.63** 4.87** -6.33 -11.06** 2.94* 14.13* Dupl. 
3 0.40 -3.26 -6.39* 115.75** 4.20** 9.50* 3.53 1.84 -0.67 Dupl. 
4 -0.83 -6.2** -15.80** 113.88** 5.85** 15.10** 8.77* 2.68 -1.73 Dupl. 
5 -1.10 4.20 11.87** 114.04** -2.90 -10.79** -8.77* -2.65 5.67 Dupl. 

 
Spike 
length 
(cm) 
 

1 0.30 0.01 11.17** 7.02** 0.16 3.81** 3.25** 0.11 -2.20* Dupl. 
2 0.26 0.009 6.98** 6.78** 0.03 4.30** 4.13** 0.16 -4.54** Dupl. 
3 0.32 0.011 8.68** 5.30** -2.21** 2.99** 3.13** -0.7** -4.46** Dupl. 
4 2.05 0.007 23.95** 5.98** 1.57** 9.41** 8.94** 2.77* -16.46** Dupl. 
5 1.78 0.024 14.84** 7.32** 0.53* 2.36** 1.83** 0.49* -1.99* Dupl. 

 
No. of 
spikes 
/plant 
 

1 -0.58 -0.85 -6.31** 11.77** 0.31 6.18** 4.87** 0.13 -3.44 Dupl. 
2 -1.06 -0.17 -6.75** 11.89** -0.93 6.32** 5.53** -0.44 -4.30 Dupl. 
3 -0.94 -1.44 -1.68 12.93** 0.44 0.73 -0.71 0.25 3.10 Comp. 
4 -0.9 -0.19 -3.62** 12.71** -0.65 3.31* 2.53 -0.36 -1.43 Dupl. 
5 -0.84 0.03 -6.17** 12.08** -1.04 6.07** 5.36** -0.44 -4.55 Dupl. 

 
No, of 
grains 
/spike 
 

1 -9.47** -15.22** -24.41** 55.10** 2.27 4.72 -0.28 2.88 24.97 Comp. 
2 -4.95* 2.37 -10.53** 54.30** -3.03* 9.08* 7.95* -3.66* -5.36 Dupl. 
3 13.84** -3.79 10.45** 55.12** -0.63 4.59 -0.4 8.82** -9.65 Dupl. 
4 14.48** 2.71 6.28* 51.98** -1.73 15.09** 10.91** 5.88** -28.10** Dupl. 
5 2.78 -3.32 -4.16 57.72** 4.93** 6.11 3.63 3.05 -3.09 Dupl. 

 
100-
kernel 
Weight 
(g) 

1 -1.77** -1.31** -2.85** 4.83** 0.53** 0.68** -0.23 -0.23* 3.32** Dupl. 
2 -0.50** -0.02 0.06 5.11** 0.51** -0.31 -0.59** -0.24** 1.12** Dupl. 
3 -0.05 -0.88** -1.69** 4.29** 0.65** 1.02** 0.76** 0.41** 0.18 Comp. 
4 -0.14 -0.31* -0.88** 4.39** 0.40** 0.49* 0.43* 0.08 0.03 Comp. 
5 -1.26** -1.34** -3.08** 4.10** 0.11 1.61** 0.47* 0.04 2.15** Comp. 

 
Grain 
yield 
/plant 
(g) 

1 -13.98** -10.41** -17.68** 22.12** -0.84 -4.94 -6.71* -1.79 31.11** Dupl. 
2 0.72 -1.93 -12.72** 23.13** 2.62 13.19** 11.52** 1.33 -10.32 Dupl. 
3 6.26** 2.74 8.43** 26.62** 1.16 1.52 0.57 1.76 -9.58 Dupl. 
4 0.47 0.01 -3.42 23.54** -0.14 4.96 3.91 0.23 -4.4 Dupl. 
5 8.076** -0.01 -1.94 24.19** 4.29** 10.54** 10.01** 4.04** -18.08** Dupl. 

*, ** Significant at 0.05 and 0.01 levels, respectively, Comp. = complimentary epistasis, 
Dupl. = Duplicate epistasis.  m= mean, a= additive effects, d=dominance effects, aa= 
additive× additive effects, ad= additive× dominance effects and dd= dominance × 
dominance effects. 

 
Highly significant positive additive × additive (aa) effects were 

detected for; spike length in all crosses; no. of spikes/plant in the first, the 
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second and the fifth crosses, no. of grains/spike in the fourth cross, 100-grain 
weight in the third, fourth and fifth crosses, grain yield in the second and the 
fifth crosses. While, highly significant and negative additive × additive type 
was found for heading dates in the first, the third and the fifth crosses, 
maturity dates in the second and the fifth crosses, flag leaf area in  the third 
and fifth crosses, chlorophyll content in the third cross, plant height and 100-
grain weight in the second crosses. El-Hosary et al., (1992), Abul-Naas et al., 
(1993), El-Seidy (1997a), El-Seidy (1997b), Nawar et al., (1999), Bhatnagar 
et al., (2001) and Sharma et al., (2003) obtained similar results.   

Highly significant and positive additive × dominance (ad) effected were 
found for; days to heading in the third cross, days to maturity in the first cross, 
no. of grains/spike in third and the fourth cross, 100 grain weight in the third 
cross and grain yield in the fifth cross. On the other hand highly negative 
significant additive × dominance types of epistasis were found for; days to 
heading in the second cross, days to maturity in the third cross, flag leaf area 
in the first, the third and the fourth crosses, 100 grain weight in the first and 
the second crosses.  

The dominance × dominance (dd) types of effects were significant or 
highly significantly negative for the most studied traits in most crosses except 
for; days to maturity in the second cross, both flag leaf area and chlorophyll 
content in the first and the third crosses and 100-grain weight in the first, the 
second and the fifth crosses and grain yield in the first cross. These results 
confirm the important role of dominance × dominance gene action in the 
genetic behavior. Abul-Naas et al., (1993), El-Seidy (1997a), Eid (2006), El-
sayed (2007) and El-shawy (2008) reported similar approaches. 

Duplicate epistasis was observed, as revealed by differences in sings of 
(d) and (dd) in crosses which exhibited significant epistasis, while similar 
sings of (d) and (dd) in complementary epistasis. These findings illustrated 
that duplicate epistasis was prevailing for most traits. Chaudhay (1987) 
found that detected that the epistatic duplicate type being predominant over 
the complementary type. while, complementary epistasis was prevailing in 
the third cross for days to heading for, the first cross in days to maturity, the 
first, the second and the fourth crosses in flag leaf area, the first cross for 
plant height, the third cross for no. of spikes/plant, the first cross for no. of 
grains/plant and the third, the fourth and the fifth crosses for 100-grain 
weight, which was agreement with the results obtained by  Soylu (2002) and 
Sharma et al., (2003). 
Heterosis, Inbreeding depression and potence ratio. 

In this concern, percentages of heterosis over mid and better parent 
parents, inbreeding depression and potence ratio in five crosses for the 
studied traits are given in table 4. Heterosis was expressed as the 
percentage deviation of F1 mean performance from the better or mid parent 
for all traits.  

Significant or highly significant negative heterotic effects were found 
relative to mid parent in all crosses except for the first cross, heading and 
maturity dates, the second, the fifth and the third crosses for flag leaf area, 
plant height and spike length, respectively. Positive highly significant 
heterosis over parent mid in most crosses in most studied traits except 
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heading and maturity dates. Highly negative heterosis significant relative to 
better parent values were obtained in the fourth cross in days to heading, flag 
leaf area, chlorophyll content and 100-grain weight, in addition, the fifth cross 
in plant height, the third and fourth crosses in both spike length and no. of 
grains/spike. On the other hand, positive highly significant heterosis over 
better parent in most crosses except for the first and the fifth crosses in days 
to maturity, the second cross in flag leaf area, chlorophyll content, spike 
length and 100-grain weight and the first cross for plant height were non-
significant. Similar results were obtained by Budak (2000), El-Seidy and 
Khattab (2000), Sharma  et al., (2002), El-Bawab (2003), El-Sayed (2007), 
El-shawy (2008), Amer (2010), Eid (2010) and Amer (2011).  

Inbreeding depression measured as reduction in performance of F2 
generation due to inbreeding is presented in tables 4. Results showed non-
significant effects for heading and maturity dates, chlorophyll content, plant 
height and no. of grains/spike in all crosses, the fifth cross for flag leaf area, 
the third cross in no. of spikes/plant and the second, the third, the fourth and 
the fifth crosses for grain yield/plant. Highly positive significant for inbreeding 
depression values for all crosses in for spike length and 100-grain weight, the 
first, the third and the fourth crosses for flag leaf area, the first, the second 
and the fifth crosses for no. of spike/plant. While, inbreeding depression 
values were highly negative significant for the second cross in flag leaf area. 
EL-Wakeel (2008), obtained similar results. 

Potence ratio refers to complete dominance in the fifth and the fourth 
crosses for days to maturity and flag leaf area, respectively. 

Partial dominance for most of the studied crosses. As follows, most 
crosses in days to heading except for the fourth cross. All crosses for days to 
maturity except the first cross, the second and the fourth crosses in flag leaf 
area, the second and the fourth crosses in chlorophyll content and 100-grain 
weight and the third and the fourth cross in both spike length and no. of 
spikes/plant.   

The remaining studied crosses for all characters studied showed over 
dominance towards the higher parent. El-Seidy (1997b), Yadav et al., (2002) 
and El-Bawab (2003), El-Sayed (2007), El-Shawy (2008) and Eid et al., 
(2011), found similar results, however, with the different barley genotypes.  
Heritability and expected genetic advance from selection:  

Components of variance (σ2A, σ2D and σ2 E), heritability estimates in 
both broad and narrow senses and expected genetic advance from selection 
for the studied traits are presented in table 5.   

Dominance gene variance (σ2D) was greater than of Additive variance 
(σ2A) for all studied traits, indicating that the selection for these traits might be 
non-effective in early generations to improve such traits in the five studied 
crosses.  

Heritability estimates in broad sense were moderate to relatively high 
for all studied traits in all crosses and ranged from 63.44% for 100-grain 
weight in the third cross to 94.45% for no. of spikes/plant in the third cross, 
according to the cross and/or trait itself as shown in table 5. These results 
were coincident with those reported by Abul-Naas et al., (1993), El-Seidy 
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(1997a), Singh and Singh (1999), Zeng et al., (2001), El-Bawab (2003), Eid 
(2006), El-Sayed (2007) and Shawy (2008).  
 
Table 4: Estimates of heterosis, inbreeding depression percentages (ID 

%) and potence ratio (PR %) for all studied characters in the 
five crosses. 

character Heterosis ID% PR% 
 
Days to heading 
(day) 
 
 

Crosses MP BP
1 -0.26 1.17** -4.34 -0.18 
2 -1.43** 1.91** -2.69 0.44 
3 -3.00** 0.83** -7.50 -0.79 
4 -1.88** -1.68** -1.64 -9.28 
5 -1.75** 2.30** -6.96 0.44 

Days to maturity 
(day) 
 
 

1 -0.77 -0.07 -1.92 -1.80 
2 -0.79* 1.46** -1.09 0.35 
3 -0.10 3.29** 0.86 -0.03 
4 -1.32** 1.11** -0.97 -0.55 
5 -1.62** 1.15 -1.20 0.59 

Flag leaf 
area 
(cm2) 
 

1 71.87** 7.00** 40.67** 1.20 
2 -15.25** -0.40 -11.05** -0.36 
3 69.17** 9.63 ** 29.70** 1.31 
4 19.93** -10.30** 15.44** 0.59 
5 44.54** 18.37** 1.96 -2.01 

chlorophyll 
content 
/plant 
 
 

1 6.17** 2.16** 3.69 1.57 
2 2.48** -0.32 3.45 -0.88 
3 7.31** 1.43** -5.93 -1.26 
4 1.93** -9.86** 1.79 -0.15 
5 7.59** 1.82** 7.04 -1.34 

Plant height 
(cm) 
 
 

1 1.74* 0.49 2.49 1.40 
2 4.14** 2.40** 0.31 2.45 
3 5.22** 3.08** 3.81 2.52 
4 5.52** 2.69** 5.88 2.00 
5 -1.80** -2.01** -3.61 8.07 

Spike Length 
(cm) 
 
 

1 7.06** 6.35** 16.17** 10.68 
2 2.30** 0.64 13.03** -1.40 
3 -2.49** -22.5** 6.69** 0.10 
4 7.70** -10.00** 8.98** -0.39 
5 7.10** 6.52** 8.54** 13.25 

No. of spikes/ 
plant 
 
 

1 10.34** 8.78** 15.95** 7.36 
2 6.03** 2.26** 14.93** -1.64 
3 11.38** 9.75** 8.10 7.56 
4 5.92** 3.62** 9.26* -2.67 
5 5.38** 0.79** 13.59** -1.19 

 
No. of grains/ 
spike 
 

1 8.52** 7.40** 13.51 -8.20 
2 2.01** 0.87** 5.57 1.79 
3 9.97** -7.50** -0.22 -0.53 
4 8.66** -6.13** 0.99 -0.55 
5 4.31** 1.01** 3.80 1.32 

 
100-grain 
Weight 
(g) 
 

1 17.82** 2.56** 19.45** 1.19 
2 5.72** -8.24 2.39** 0.38 
3 5.74** 0.41** 11.48** 1.12 
4 1.35** -5.30** 5.42** 0.19 
5 26.70** 24.77** 24.71** 15.56 

Grain yield/ 
plant 
(g) 

1 6.92** 3.12** 19.36* 1.88 
2 6.55** 2.76** 14.80 1.30 
3 3.93** 1.42** -6.55 -1.59 
4 4.38** 2.76** 5.54 -2.79 
5 2.16** 1.13** 3.01 2.17 

Cross 1= (Giza 121× Line 1), Cross 2= (Giza 121 × Line 2), Cross 3 = (Giza 126 × Line 1), 
Cross4 = (Giza 126 × Line 2) and Cross 5 = (Line 1× Line 2). *,** significant at 0.05 and 
0.01 levels probability, respectively. 
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Table 5: Estimate of additive variance (σ2A), dominance variance (σ2D), 
environmental variance (σ2E), heritability percentage in broad 
(h2b) and narrow (h2n) senses and expected genetic advance 
from selection (∆g) for all studied characters in the five 
crosses. 

Characters Crosses σ2A σ2 D σ2 E 
Heritability 
percentage genetic advance 

h2(b) h2(n) ∆g ∆g % 
  
Days to 
heading 
(day) 
  

1 0.37 2.66 3.18 83.18 52.76 4.72 5.09 
2 0.46 3.34 2.57 90.01 66.56 6.95 7.30 
3 0.28 1.97 3.12 76.27 40.9 3.05 3.12 
4 0.43 3.15 3.32 86.05 64.79 6.51 6.60 
5 0.35 2.36 2.44 84.58 35.55 2.91 3.00 

  
Days to 
maturity 
(day) 
  

1 0.43 2.89 3.35 82.45 33.25 2.99 2.17 
2 0.44 3.03 3.12 85.13 43.45 4.10 2.94 
3 0.37 2.54 2.49 85.79 40.91 3.53 2.54 
4 0.44 2.91 2.39 87.75 31.64 2.88 2.05 
5 0.39 2.68 3.17 82.12 33.41 2.90 2.09 

 
Flag leaf 
area 
(cm2) 

1 0.18 1.35 1.83 80.71 54.00 3.43 42.53 
2 0.20 1.45 1.33 87.80 62.94 4.28 51.17 
3 0.11 0.80 1.87 63.55 44.73 2.08 26.06 
4 0.15 1.12 1.55 80.76 61.39 3.59 46.05 
5 0.08 0.59 1.16 71.00 52.50 2.16 36.05 

 
Chlorophyll 
Content 
/plant 
 

1 0.32 2.17 1.79 88.04 39.14 3.11 8.27 
2 0.37 2.50 1.47 91.56 38.52 3.31 8.56 
3 0.41 2.79 1.77 91.01 43.38 3.97 10.37 
4 0.46 2.98 1.84 90.64 24.25 2.21 6.18 
5 0.41 2.70 1.83 90.02 33.35 2.94 7.77 

 
Plant 
height 
(cm) 
 

1 2.59 16.77 11.15 89.84 23.1 4.98 4.41 
2 1.52 10.61 13.67 80.94 40.91 7.14 6.02 
3 2.35 15.74 13.14 87.61 33.53 7.11 6.14 
4 1.95 13.44 13.64 85.30 42.03 8.34 7.32 
5 2.59 17.3 13.32 88.64 34.24 7.64 6.70 

Spike 
length 
(cm) 
 
 

1 0.04 0.29 0.32 84.03 46.94 1.38 19.64 
2 0.04 0.3 0.32 84.05 33.15 0.96 14.17 
3 0.04 0.29 0.40 80.00 47.5 1.38 26.11 
4 0.05 0.33 0.30 85.25 17.00 0.50 8.39 
5 0.05 0.32 0.33 83.7 16.37 0.48 6.55 

 
No. of 
spikes/ 
plant 
 

1 0.41 2.78 1.61 91.97 47.93 4.42 37.55 
2 0.41 2.82 1.66 91.84 47.93 4.45 37.42 
3 0.48 3.13 1.22 94.45 37.14 3.58 27.69 
4 0.39 2.56 1.41 91.89 32.12 2.76 21.69 
5 0.41 2.87 1.60 92.63 58.87 5.64 46.70 

 
No. of 
grains/ 
spike 
 

1 2.17 14.12 8.53 90.93 27.33 5.46 9.91 
2 2.35 15.16 8.54 91.46 23.8 4.9 9.03 
3 2.11 13.71 7.82 91.43 26.74 5.26 9.55 
4 2.36 15.12 8.36 91.53 20.93 4.28 8.24 
5 2.28 14.74 8.14 91.61 23.53 4.77 8.27 

 
100- 
grain 
weight 
(g) 

1 0.007 0.049 0.078 75.56 30.97 0.36 7.43 
2 0.006 0.041 0.08 69.28 33.11 0.35 6.81 
3 0.005 0.036 0.083 63.44 40.78 0.4 9.33 
4 0.006 0.044 0.078 71.98 29 0.31 7.15 
5 0.006 0.043 0.086 68.75 33.03 0.36 8.69 

 
Grain 
yield/ 
plant 
(g) 

1 1.63 10.98 10.99 84.99 33.34 5.88 26.57 
2 2.15 13.92 10.40 88.45 21.08 4.12 17.81 
3 2.01 12.98 9.83 88.20 19.15 3.60 13.52 
4 1.97 12.57 9.35 88.23 14.52 2.67 11.33 
5 1.68 11.25 8.88 88.44 36.40 6.57 27.17 

Cross 1= (Giza 121× Line 1), Cross 2= (Giza 121 × Line 2), Cross 3 = (Giza 126 × Line 1), 
Cross4 = (Giza 126 × Line 2) and Cross 5 = (Line 1× Line 2). 
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Heritability estimates in narrow sense were low to moderate for all 
studied traits in all crosses and ranged from 16.37% for spike length in the 
fifth cross to 66.56% for days to heading in the second cross, indicating that 
these characters were greatly affected by non-additive and environmental 
effects. Eshghi, and Akhundova (2009) Eid et al., (2011) obtained similar 
results.  

The expected genetic advance as percent of F2 mean (∆g %) was 
calculated and the results are presented in table 5. 

The predicted genetic advance estimates were low to moderate for all 
studied traits in all crosses and ranged from 2.05% for days to maturity in the 
fourth cross to 51.17% for flag leaf area in the second cross, these results 
indicated the possibility of practicing selection in early generations and 
obtaining high yielding genotypes; Abul-Naas et al., (1993) and El-Shawy 
(2008), came to similar result. 

Therefore, selection in the present those particular populations should 
be effective and satisfactory for successful breeding purposes. The results of 
this study indicated that estimates of epistasis, dominance and additive gene 
actions may have influenced by genotype by environment interactions. It can 
be concluded that the degree of improving the studied traits successfully 
based on the high heritability values and positive additive genetic advance 
shown by the different traits, especially; number of spikes/plant, 100-grain 
weight and grain yield /plant. 

Generally, the most biometrical parameters resulted from the first, the 
third and fifth cross(Giza 121 × line 1, Giza 126 × line 1  and line 1 × line 2) 
were found to be higher in magnitude in comparison with those from other 
crosses. Consequently, it could be concluded that the above-mentioned 
crosses would be of interest in breeding programmes for improving traits for 
earliness, yield and its components.  
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 بعض ھجن الشعير فيالمحصول ومكوناته دراسات وراثية على 
دالعاطى ازى عب عد مغ د س امر١محم ز ع د العزي ري عب دجوى، ٢، خي عد ال راھيم س   و ١إب

  ٢الأخضر عبد العظيمعمار 

  كفر الشيخجامعة  -كلية الزراعة –قسم المحاصيل  ١
  مصر      -لزراعيةمركز البحوث ا -معھد بحوث المحاصيل الحقلية -قسم بحوث الشعير ٢

  
ة بسخا خلال ثلاث مواسم اءرتم إج ذه الدراسة بمزرعة محطة البحوث الزراعي ة  ھ  زراعي

تة (  الأب الأول، الأب  )٢٠١٠/٢٠١١و ٢٠٠٩/٢٠١٠ ،٢٠٠٨/٢٠٠٩( باستخدام نظام العشائر الس
لالثاني، الجيل الأول، الجيل الثاني ل الرجعى الأول و الجي انيالرجعى  ، الجي ان الھدف ھو ) الث وك
ةومحاوله الحصول على تراكيب  الجينيتأثير الفعل  دراسة دة يمكن  وراثي ا  الانتخابجدي من خلالھ
ى سلالات(تراكيب)  الانعزاليةالأجيال  في دةالتالية للحصول عل ة  جدي يمن الشعير متفوق صفاتھا  ف

ع  المنزرعة. التجاريةالأصناف  المحصولية على م استخدام أرب د ت اءوق ة إب صفاتھا وھى  في متباين
 الأول: الھجين  ھيھجن من الشعير  ) وتم عمل خمسة٢، سلاله ١، سلاله ١٢٦، جيزة ١٢١(جيزة 

زة ( لاله × ١٢١جي ين ١س اني)، الھج زة (  الث لاله × ١٢١جي ث٢س ين الثال زة ( )، الھج × ١٢٦جي
لاله  ع١س ين الراب زة ( )، الھج لاله × ١٢٦جي امس٢س ين الخ لاله ( ) والھج لاله × ١س م  )٢س . ت

م  فيلكل ھجين  الستة زراعة العشائر ةكل من الصفات  دراسةثلاثة تكرارات. وت ام  :الآتي عدد الأي
بغة  ن ص ات م ى للنب وى الكل م، المحت ة العل احه الورق ج، مس ى النض ام حت دد الأي رد، ع ى الط حت

حبة،  ١٠٠، وزن للسنبلةب ، ارتفاع النبات، طول السنبلة، عدد السنابل للنبات، عدد الحبوالكلوروفيل
  . الفرديمحصول النبات 

  :ھي االمتحصل عليھ أھم النتائج وكانت
رزالت صفتي وكانتجميع الھجن  فيلجميع الصفات المدروسة  الإباء متوسطيتفوقت قيم    ھي
ا جميع الھجن تحت  فيجزئية  سيادةمما يدل على وجود  الإباء متوسطيمن  أبكروالنضج  الدراسة كم
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ل  أوضحت انيقيم متوسطات الجي ل  الث يم متوسطات الجي ل من ق ا كانت أق وين إلا أنھ ين الأب وسط ب
تالراجع ل الانخفاضالأول بسبب  ذلك اختلف ة، بالاضافه ل ة للصفات المختلف يم الھجن  لتربية الداخلي ق

ة ة  الرجعي ا للصفات المختلف ا إلاتبع ا  أنھ ت معظمھ يكان ى للصفات المدرو ف اه الأب الرجع ة.اتج  س
بة لمقيما قوه الھجين  تأثيرات أظھرت وين لمعظم الصفات تموجبة ومعنوية بالنس يوسط الأب ع  ف جمي

ذلك كانت  صفتيفيما عدا  الھجن تحت الدراسة ر والنضج ك أثيراتالتزھي وة الھجين  ت بة ق ىبالنس  إل
ة الأب الأفضل ي موجب أثير أظھر معظم الصفات. ف يالفعل  ت رالمضيف  الجين ة أكث أثيرمن  أھمي  ت

ل  يالفع يادي الجين فات  الس م الص ةلمعظ ت الدراس ا  .تح ة كم ى أھمي ائج عل ت النت دل
أثير يادي(الت يادي×الس ن الس أثيرات) ع يف  الت يف×(المض يف)، (المض يادي×المض م الس ) لمعظ

تحت الدراسة متوسطة للصفات  إلى منخفضةكانت قيم معامل التوريث بمعناھا الضيق كما  الصفات.
نبلة فى الھجين ١٦.٣٧بين  اوتراوحت م ى  الخامس% لصفة طول الس صفه عدد  في% ٦٦.٥٦إل

ام رد  الأي ى الط يحت ين  ف ا الھج اني، كم بالث يم النس ائج أن ق رت النت ة ةأظھ ين  المئوي وراثيللتحس  ال
دا صفة  منخفضةالانتخاب  منالمتوقع  ا ع م مساحة لمعظم الصفات فيم ة العل نابل لكل ورق وعدد الس

 .الخامس على التواليالھجين الثاني والھجين  % في ٤٦.٧٠و %١٧ز٥١نت فكا نبات 
لةأوضحت ال                ه محص ذه ل النھائي ةھ ه الدراس تفاده  أن عير الأس ى الش ن لمرب الھجيمك  نب

زة  ،١سلاله × ١٢١جيزة ( ة لتحسين  في) ٢سلاله × ١سلاله  و ١سلالة × ١٢٦جي امج التربي برن
ر  ه.كل من صفات التبكي ذه الھجن  والمحصول ومكونات ة ھ ى أھمي ير إل ا يش يمم ة  ف رامج التربي ب

  الشعير. فيلتحسين معظم الصفات المحصولية 
  

  قام بتحكيم البحث
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