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ABSTRACT 

 
The aim of this study was to assess the  variations amongeset a half diallel 

cross using eight varieties and or / lines for drought characters, estimating combining 
ability and genetic components. For this objective, the investigation was carried out at 
the Experimental Farm of Gemmeiza Agricultural Research Station during the two 
seasons 2007/2008 and 2008/2009, Eight diverse barley varieties and/or lines 
(Hordeum vulgare, L.) and 28 F1's were planted in two experiments. The first 
experiment was normally irrigated three times at tillering, elongation and heading 

stages. The second one irrigated only once at tillering stage. The main results can be 

summarized as follow ; the water stress treatment decreased the means of relative 
water content (RWC), total soluble solids (TSS), flag leaf angle (FLa), number of 
spikes/plant (NS/P), number of kernels/spike (NK/S), 100–kernel weight (100-KW) 
and grain yield/plant (GY/P) for parents and their hybrids. Irrigation mean squares 
were significant for all traits , Line 9 was the best combiner under both conditions and 
Giza 124, Line 5 and Giza 126 under stress and the combined analysis for grain yield, 
where the best hybrids were Giza 126 x Giza 123 and Giza 126 x Line 10 for earliness 
and  Line 5 x Line 6, Line 6 x Line 4,Giza 126 x Giza 123 and Line 10 x Line 4 for 
grain yield at both conditions. The heritability estimates ranged from 0.022 for TSS 
under stress condition to 0.50 for NS/P under normal condition 
Keywords: Hordeum vulgare, Drought,  GCA, SCA, Stress, Water, Tolerance, Barley, 

Heritability. 
 

INTRODUCTION 
 

Drought is a major stress factor, which limits crop production in most 
area of the world. The rate at a water deficit develops can affect the nature, 
growth behavior and physiology of plant. The physiological and metabolic 
process may be affected by water stress, including growth, osmotic 
adjustment and photosynthesis  (Morgan,1984). 

Barley (Hordeum vulgare, L.) is not tolerated for prolonged or 
excessive drought. It will tolerate to soil moisture depletion to 30-35 percent  
of available moisture during  grain formation and 10-20 percent near maturity. 
For optimum yield and quality, it is important to monitor soil moister condition 
regularly throughout the growing season and irrigation accordingly. Moisture 
stress at any stage of crop growth can cause an in reversible loss in yield 
potential. The severity of loss, depend up on many factors, timing, length and 
severity of the drought period. Moreover, yield reduction can be occurred due 
to the reversible effect in number of tillers, reduced kernel weights or fewer 
kernels. 
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 According to the experiment of (Rahman and Islam, 2004), the 
amount of water applied at each irrigation and how often a soil  should be 
irrigated depend on several factors such as the degree of soil water deficit 
before irrigation, soil type , crops and climatic conditions. The major 
objectives of the present investigation therefore are; a) to assess the 
variations amongst a half diallel cross of eight barley varieties and/or lines for 
drought tolerance characters, b)  determine the physiological traits that 
contribute tolerance for water deficit , c) identify quick but reliable indices of 
selection for tolerance to water deficit, d) to estimate gene action  and the 
importance which should be given to this materials in a breeding program.  

 

MATERIALS AND METHODS 
 

This experiment was carried out at the Experimental Farm of 
Gemmeiza Agricultural Research Station, El-Gharbia Governorate, Egypt 
during the two successive seasons, 2007/08 and 2008/09. Eight barley 
varieties and /or lines (Horduem vulgare, L.) i.e; Giza-124 (P1), Line-9 (P2), 
Line-5 (P3), Line-6 (P4), Giza-126 (P5), Line-10 (P6), Giza-123 (P7) and Line-4  
(P8) representing a wide range of diversity for several agronomic characters 
and drought resistance measurements were selected for this study.  
         In 2007/08 growing season, grains from each of the parental varieties 
and/or lines were sown at a various sowing dates in order to overcome the 
differences in time of heading. During this season, all possible parental 
combinations without reciprocals were made among eight parents giving a 
total of twenty-eight crosses.  

In 2008/09 season, the eight parents and their twenty eight possible 
F1 crosses were sown on 4

th
 December. Two adjacent experiments were 

conducted. The first experiment was irrigated three times at tillering, at 
elongation and at heading stages (favorable condition, N) and the second 
one was irrigated only once at tillering stage (stress condition, S). Each 
experiment was designed in a randomized complete block design with three 
replications. Each plot consisted of two rows, 1.5 meters long with 30 cm 
between rows and plants within row were 15 cm. apart allowing a total of 20 
plants per plot. The dry method of sowing (Afir) was used in this concern. The 
other cultural practices of growing barley were practiced.  

The following characters were recorded at 50 % heading stage for 
ten guarded plants chosen randomly per row in each replicate: Relative water 
content (RWC %), measured as described by Barrs and Weatherley(1962). 
Total soluble solids; values of the total soluble solids of the cell sap were 
obtained from the pressed sap of the (fourth upper leaf) of tested plants using 
the Abbe Refrectometer. Flag leaf angle (FLa): It was determined by using 
the protractor as well as Yield and some of its components; Number of 
spikes/plant (NS/P), Number of kernels/spike (NK/S), 100- kernel weight (g) 
and Grain yield /plant (g).  

Drought susceptibility index (SI): It was calculated from genotype 
means for grain yield (SI) using the generalized formula reported by Fisher 
and Maurer (1978).  
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Statistical analysis: 
The data of both experiments were subjected to proper statisical 

analysis of variance according to Snedecor and Cochran (1967). The 
combined analysis across the two experiments (stress and normal irrigation) 
were performed according to Cochran and Cox (1957). For comparason 
between means, Duncan’s multiple range test was used, as proposed by 
Duncan (1955). General (GCA) and specific (SCA) combining ability 
estimates were obtained by employing Griffing (1956) diallel cross analysis 
designated as method 2 model 1. Several genetic parameters were estimated 
according to Hayman (1954 a and b ) using diallel cross analysis.  

 

RESULTS AND DISCUSSION 
 

Analysis of variances:  Mean squares of different barley genotypes for all 
studied characters in each environment and their combined data are 
presented in Tables (1 and 2). Statistical analysis revealed significant of 
irrigation treatments for all studied characters, indicating that the two irrigation 
regimes behaved differently for these characters. 
            In addition, mean squares due to genotypes were highly significant for 
all traits, providing evidence for presence of large amount of genetic 
variability, which considered adequate for further biometrical assessment. 
Significant differences for all traits were found among the parents at both 
conditions and their combined. 
           Meanwhile, significant differences of crosses mean squares were 
detected for all characters, reflecting the diversity of the parents for these 
studied characters, and that these diversity could be transmitted to the 
progenies. Also, mean squares of parents vs. crosses showed significant 
differences for all traits, indicating the presence of hybrid vigor of the studied 
barley genotypes . 
 For all traits, mean squares of genotypes x environments 
interactions were significant, indicating that genotypes responded differently 
to water regime for these traits and reflecting the possibility of selecting the 
most tolerant genotypes. Mean squares of parents x environments, crosses x 
environment and parent vs. crosses x environment were highly significant for 
most  traits, revealing that the performance of parents and/or most crosses 
were changed from environment to another.  
Mean performances of the eight parents and their F1 at stress and normal 
irrigation as well as their combined data are presented for all the studied 
characters in Table (3). Data show that, the highest values for RWC were 
recorded by Line 6, Giza 126 and Giza 124 under two conditions and their 
combined. Also hybrids, Line 5 x Line 4 and Line 5 x Giza 126 observed the 
highest values at the two conditions and their combined.  For TSS, the 
highest values belonged to Line 9, Line 5, Line 6 and Giza 126 at the two 
conditions and their combined analysis and to Giza 123 under stress and the 
combined data. Also crosses, Giza 124 x Line 10, Line 9 x Line 5, Line 5 x 
Giza 123, Line 6 x Giza 123 and Line 10 x Giza 123 gave the highest values 
at the two conditions and their combined analysis. Normal condition had 
lower values than stress condition reached – 14.24%.  
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In respect to FLa, the lowest values were detected for Line 5 at normal and 
for Giza 124 under stress and the combined analysis, Giza 124 x Line 4 
under both conditions and their combined and Giza 124 x Giza 123 under 
stress condition. The reduction in flag leaf angle reached 35.07%. 

          
Table(3): Mean performances of eight barley genotypes and their F1 

crosses  for relative water content, total soluble solids, flag 
leaf angle and susceptibility index under normal and stress 
conditions combined data. 

N= normal , S= stress, Com.= combined , WUE= water use efficiency and SI= 
susceptibility index   

 

SI FLa TSS RWC(%) 
Genotypes 

Com Com S N Com S N Com S N 

0.11 27.50 23.33 31.66 17.67 18.67 16.67 86.66 83.67 89.66 Giza124( p1) 

1.66 31.33 24.33 38.33 19.33 20.33 18.33 78.32 72.40 84.24 Line-9( p2) 

0.85 29.00 28.00 30.00 20.17 21.67 18.67 82.17 78.03 86.30 Line-5( p3) 

2.14 33.50 23.67 43.33 20.50 22.00 19.00 89.13 83.04 95.22 Line6( p4) 

0.73 33.33 26.67 40.00 20.33 21.67 19.00 87.10 83.44 90.76 Giza126( p5) 

0.19 29.83 24.67 35.00 18.67 19.67 17.67 81.79 77.02 86.58  Line-10( p6) 

1.25 30.67 24.67 36.67 19.17 21.67 16.67 82.16 78.35 85.98 Giza123( p7) 

1.29 29.67 22.67 36.67 19.00 20.00 18.00 80.99 76.98 85.00 Line-4( p8) 

0.82 36.67 31.67 41.67 19.67 21.00 18.33 86.11 84.45 87.76 Giza124x Line 9 

0.39 29.67 24.33 35.00 20.50 22.33 18.67 80.70 77.78 83.62 x Line 5 

0.48 36.33 33.33 39.33 19.33 20.33 18.33 80.06 72.54 87.58 x Line6 

1.69 29.50 22.00 37.00 19.33 20.00 18.67 84.74 77.33 92.15 x Giza126 

1.21 33.17 23.00 43.33 20.33 21.33 19.33 77.69 76.73 78.65 x Line 10 

1.34 28.50 20.00 37.00 18.83 19.67 18.00 73.06 68.48 77.64 x Giza123 

0.58 25.18 22.00 28.33 17.67 19.00 16.33 76.69 68.33 85.06 x Line 4 

0.21 32.17 29.33 35.00 20.17 21.33 19.00 80.05 73.79 86.32 Line 9 x Line 5 

1.32 29.67 24.33 35.00 17.00 17.67 16.33 84.03 82.75 85.31 x Line 6 

1.17 39.50 27.33 51.67 19.17 20.33 18.00 76.54 70.50 82.59 x Giza126 

2.32 34.50 29.00 40.00 19.17 20.33 18.00 76.85 64.51 89.19 x Line 10 

1.89 30.50 26.00 35.00 19.67 21.00 18.33 78.42 73.23 83.62 x Giza123 

1.80 32.33 24.67 40.00 19.67 22.00 17.33 86.87 83.22 90.52 x Line 4 

1.08 40.17 27.00 53.33 19.50 20.33 18.67 86.04 75.75 96.32 Line 5 x Line6 

2.41 32.50 23.33 41.67 19.67 20.67 18.67 90.66 85.89 95.42 x Giza126 

0.27 28.50 25.33 31.67 20.00 22.33 17.67 85.39 81.08 89.70 x Line 10 

2.22 30.00 23.33 36.67 20.17 21.33 19.00 82.17 75.22 89.12 xGiza123 

1.42 39.80 24.67 55.00 20.00 22.33 17.67 87.82 82.77 92.87 x Line 4 

2.08 31.00 25.33 36.67 20.00 21.33 18.67 81.89 79.33 84.46 Line6 x Giza126 

1.02 35.33 30.67 40.00 19.00 20.67 17.33 82.57 80.66 84.48 x Line 10 

0.22 33.33 25.00 41.67 20.67 21.33 20.00 81.28 80.66 81.89 xGiza123 

1.49 35.83 25.00 46.67 18.50 19.33 17.67 83.95 82.14 85.75 X Line 4 

1.56 31.00 23.33 38.67 18.33 20.00 16.67 81.07 75.88 86.26 Giza126xLine10 

0.23 29.67 24.33 35.00 18.67 19.33 18.00 83.29 82.12 84.46 x Giza123 

2.05 30.33 24.67 36.00 19.67 21.33 18.00 83.19 79.36 87.03 x Line 4 

1.04 27.00 24.00 30.00 20.67 21.67 19.67 83.03 81.77 84.28 Line10xGiza123 

1.05 32.83 25.67 40.00 19.00 20.33 17.67 82.99 79.07 86.92 x Line 4 

2.17 33.00 21.00 45.00 18.17 19.33 17.00 85.15 84.02 86.29 Giza123 x Line4 

0.92 32.02 25.21 38.83 19.37 20.66 18.08 82.52 78.18 86.92 Average  

- 5.14 2.91 6.74 1.47 1.63 1.33 3.59 4.09 3.11 L.S.D 5% 

- 6.83 3.86 8.97 1.96 2.17 1.76 4.78 5.44 4.13 L.S.D 1% 

-  35.07   14.24   10.12  Reduction  
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Drought susceptibility index (SI) of all barley genotypes, which 
calculated for grain yield are presented in, Table (3). Results indicated that 
the barley parents, Giza 124, Line 5, Giza 126 and Line 10 gave the best 
desirable susceptibility to drought tolerance. 
          The susceptibility index for 28 crosses, indicated that the crosses of 
Giza 124 x Line 5, Giza 124 x Line 6, Giza 124 x Line 4, Line 9 x Line 5, Line 
5 x Line 10, Line 6 x Giza 123 and Giza 126 x Giza 123 gave the best 
desirable susceptibility to drought tolerance. The superiority in the previous 
genotypes for drought tolerance may be due to high desirable for drought 
measure. 
Yield and yield components: 

It is clear from the data in Table (4) that water stress condition 
decreased the mean number of spikes per plant (NS/P), for the parents and 
hybrids. The highest NS/P  belonged to Line 9 and Line 10 at the two 
conditions and their combined. While, Giza123 showed the smallest NS/P at 
the two conditions and their combined as well as Line 5 under water stress 
only. EL-Hawary (2000) and Abd El-Aty and El-Borhamy (2007) found 
significant differences among wheat genotypes in NS/P. The highest NS/P 
was obtained from the following crosses; Line 9 x Line 5, Line 9 x Line 6, Line 
9 x Line 10, Line 9 x Line 4 and Line 6 x Line 10 at the two conditions and 
their combined. The reduction in NS/P reached 8.96%.  

With regard to number of kernels per spike (NK/S), the parents Line 
5, Giza 126 and Line 6 showed the highest values at the two conditions and 
their combined while, Line 9 revealed lowest number of NK/S at the two 
conditions and their combined.  Also crosses; Giza 124 x Line 5, Giza 124 x 
Giza 126, Line 6 x Line 10, Line 6 x Line 4 and Line 10 x Line 4 showed the 
highest values at the two conditions and their  

combined. While, Giza 126 x Line 4 , Line 10 x Giza 123 and Giza 
123 x Line 4 showed the lowest values at the two conditions and their 
combined. Water stress treatment decreased the mean values of NK/S for 
parents and their hybrids by about 6.20%. This reduction may be due to the 
effect of water deficit on pollination and fertilization processes, which lead to 
decreasing kernels per spike. Similar results were obtained by El-Hawary 
(2000), Mohammed (2001), Moursi (2003), Mohamed (2004) and Farhat 
(2005). In addition , several investigators reported that the reduction in NK/S 
was attributed to reducing seed set under water stress condition (Fisher and 
Maurer, 1978). 

Results showed that the mean values of 100- kernel weight (100-KW) 
for the parents and hybrids under water stress condition were lighter than that 
under normal condition. Moursi (2003) reported that the reduction of 
metabolites formation and its translocation from source to sink then 100-KW 
was depressed. These results agreed with those obtained by Mohammed 
(2001), Bayoumi (2004), Mohamed, Magda (2004) and Farhat (2005). With 
regard to the parents, the heaviest 100-KW were obtained from Giza 124 , 
Giza 126 and Giza 123 under the two conditions and their combined, while, 
the grains of Line 5 at the two conditions and their combined were the 
lightest. The heaviest 100-KW of barley hybrids were obtained from Line 10 x 
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Giza 123 and Giza 123 x Line 4 under the two conditions and their combined. 
While, the lightest 100- kernel weight of barley crosses were relative to Line 5 
x Line 10 and Line 6 x Line 10 at the two conditions and their combined .The 
reduction in 100-KW reached 1.94%. 
 
Table(4): Mean performances of eight barley genotypes and their F1 

crosses  for number of spikes / plant, number of kernels / 
spike, 100 kernel weight and grain yield/plant under normal 
and stress conditions combined data. 

N= normal , S= stress and  Com.= combined 

          

Grain yield/plant 
(g) 

100 kernel weight 
( g) 

No. of kernels / 
spike 

Number of spikes / 
plant Genotypes 

Com S N Com S N Com S N Com S N 

32.80 32.53 33.07 5.52 5.39 6.00 66.0 66.0 66.0 12.5 12.2 13.0 Giza124( p1) 

31.37 27.11 35.63 4.70 4.87 4.53 58.0 56.0 60.0 15.2 13.7 16.6 Line-9( p2) 

26.13 27.63 24.63 4.42 4.38 4.45 74.0 70.0 78.0 12.0 11.8 12.3 Line-5( p3) 

28.00 22.90 33.10 4.95 4.61 5.29 70.0 68.0 72.0 12.4 12.0 12.7 Line6( p4) 

30.50 32.07 29.02 5.47 5.38 5.56 70.0 70.0 70.0 11.8 11.8 11.7 Giza126( p5) 

31.75 32.17 31.32 4.66 4.56 4.77 67.0 68.0 66.0 15.5 15.4 15.5  Line-10( p6) 

25.74 23.19 28.28 5.53 5.52 5.54 68.0 66.0 70.0 10.8 9.9 11.7 Giza123( p7) 

30.22 27.12 33.32 5.02 4.78 5.25 69.0 66.0 72.0 12.4 11.5 13.3 Line-4( p8) 

29.24 27.41 31.06 5.44 5.36 5.52 65.0 66.0 64.0 11.8 11.4 12.0 Giza124x Line 9 

29.16 28.32 30.00 5.52 5.47 5.56 70.0 68.0 72.0 10.3 9.5 11.1 x Line 5 

24.32 23.45 25.18 5.61 5.62 5.60 66.0 66.0 66.0 12.4 11.8 13.0 x Line6 

30.34 26.14 34.54 5.48 5.57 5.39 70.0 66.0 74.0 9.9 9.1 11.0 x Giza126 

22.20 20.09 24.32 5.56 5.55 5.57 57.0 54.0 60.0 11.4 11.2 11.0 x Line 10 

27.94 24.97 30.90 5.64 5.66 5.62 67.0 64.0 70.0 11.2 10.0 12.0 x Giza123 

18.51 17.71 19.31 5.68 5.73 5.63 55.0 54.0 56.0 12.5 12.3 12.7 x Line 4 

33.12 33.61 32.63 5.39 5.33 5.44 69.0 68.0 70.0 14.5 13.9 15.1 Line 9 x Line 5 

24.90 22.30 27.52 5.06 4.68 5.43 66.0 64.0 68.0 13.5 12.3 15.0 x Line 6 

31.15 28.29 34.01 5.42 5.42 5.41 67.0 64.0 70.0 12.0 11.7 12.3 x Giza126 

30.16 24.14 36.19 5.25 5.00 5.28 60.0 58.0 62.0 14.1 14.0 14.0 x Line 10 

26.98 22.74 31.21 5.38 5.00 5.43 63.0 60.0 66.0 12.6 12.0 13.2 x Giza123 

28.40 24.19 32.62 5.52 5.42 5.62 54.0 52.0 56.0 13.6 12.2 15.0 x Line 4 

31.53 28.88 34.17 5.30 5.17 5.40 66.0 64.0 68.0 13.5 11.8 15.3 Line 5 x Line6 

30.72 24.27 37.16 5.38 5.39 5.36 67.0 64.0 70.0 12.0 11.5 12.6 x Giza126 

25.50 24.98 25.99 4.81 4.95 5.00 65.0 64.0 66.0 12.8 12.7 13.0 x Line 10 

28.40 23.02 33.84 5.60 5.54 5.65 64.0 62.0 66.0 11.4 9.7 13.0 xGiza123 

20.87 18.51 23.24 5.46 5.37 5.55 55.0 54.0 56.0 12.7 12.7 12.7 x Line 4 

21.02 17.32 24.72 5.48 5.40 5.55 55.0 54.0 56.0 10.2 9.3 11.1 Line6 x Giza126 

28.20 30.12 26.28 4.56 4.69 4.43 70.0 66.0 74.0 14.5 14.4 14.6 x Line 10 

20.89 21.22 20.57 5.60 5.62 5.57 54.0 52.0 56.0 13.0 11.5 14.6 xGiza123 

30.74 27.06 34.42 5.37 5.24 5.49 73.0 70.0 76.0 12.4 12.0 12.9 X Line 4 

23.90 20.89 26.91 5.49 5.57 5.41 54.0 54.0 54.0 12.6 12.3 12.8 Giza126xLine10 

29.50 29.00 29.99 5.52 5.43 5.62 67.0 66.0 68.0 11.2 11.2 11.2 x Giza123 

20.48 23.11 17.85 5.61 5.52 5.70 54.0 54.0 54.0 11.4 11.8 11.0 x Line 4 

19.16 17.61 20.72 5.65 5.53 5.77 49.0 46.0 52.0 12.0 11.0 12.1 Line10xGiza123 

28.86 26.49 31.22 5.22 5.16 5.27 74.0 70.0 78.0 12.0 11.2 12.7 x Line 4 

15.18 12.38 17.99 5.74 5.63 5.86 45.0 36.0 54.0 11.0 10.5 11.5 Giza123 x Line4 

26.89 24.80 28.97 5.33 5.28 5.39 63.4 61.4 65.4 12.0 11.8 12.9 Average  

3.74 3.38 4.13 0.22 0.25 0.20 5.3 5.4 5.3 1.2 1.2 1.2 L.S.D 5% 

4.96 4.50 5.49 0.30 0.33 0.27 7.1 7.2 7.1 1.6 1.6 1.6 L.S.D 1% 

 14.38   1.95   6.2   8.96  Reduction  
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 As a result of water stress condition, the average of grain yield/plant 
(GY/P) for parents and their hybrids was decreased. Several investigators 
reported that drought stress reduced photosynthesis and translocation rates 
and increased respiration, which reduced available assimilates for grain filling 
and finally decreased GY/P. Abd El-Aty and El-Borhamy (2007) found similar 
results. The highest GY/P were showed by Giza 124 and Line 10 under the 
two conditions and their combined , While, the lowest GY/P was obtained by 
Line 5 under normal and combined data, Line 6 and Giza 123 under water 
stress and combined analysis. The hybrids, Line 6 x Line  4, Line  9 x Giza 
126, Line  9 x Line 5 and Line 5 x Line 6 yielded more than the other crosses 
under the two conditions and their combined. While, Giza 124 x Line 4and 
Giza 123 x Line4 gave the lowest values under normal and  combined 
analysis; Line 5 x Line 4, Line 10 x Giza 123 and Line 6 x Giza 126 under 
water stress and combined data. The highest GY/P of these parents and 
crosses could be attributed to the highest GY/P of Line 6 and Line 9, which 
may possessed the genes controlling in GY/P. The reduction in GY/P per 
plant reached 14.38%. 
Combining ability analysis: Combining ability implies the capacity of parent 
to produce good progenies when crossed with the other parent.  

Analysis of variance for combining ability as out lined by Griffing 
(1956) method 2 model 1 in each environment as well as their combined for 
all the studied traits are presented in Tables (1 and 2). The results indicate 
that mean squares of general combining ability (GCA) and specific combining 
ability (SCA) were significant for all the studied traits under the two 
environments and their combined, except GCA for total soluble solids under 
stress condition indicating the presence of both additive and non additive 
types of gene effects in the genetic system controlling of these traits.  

The ratios of GCA/SCA were greater than unity under the two 
environments and the combined analysis for all traits, except total soluble 
solids under stress and the combined analysis, flag leaf angle under normal. 
These results suggested predominant role of additive type of gene action for 
these traits and the potential for obtaining further improvements of these traits 
by using pedigree selection program. These results were coincident with 
those reported by Abd El-Aty and El-borhamy (2007). 

The mean squares of interaction between environment and each of 
GCA and SCA were significant for all the studied traits, except GCA x Env, 
SCA x  Env  for total soluble solids, number of  kernels/ spike, revealing that 
the magnitudes of different type of gene action were varied from one 
environment to another. 
General combining ability effects: Estimates of GCA (ĝi) effects of all 
barley parental genotypes for each trait in combined data are presented in 
Table (5).Such effects are being used to compare the average performance 
of each parent with the other and facilitate selection of parents for further 
improvement to drought tolerance.           
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Table (5): Estimates of general combining ability effects for relative 
water content (RWC), total soluble solids  (TSS),  Flag leaf 
angle (FLA), number of spikes/plant (NS/P), number of 
kernels/spike (NK/S), 100 kernels wieght  (100 kw)  and grain 
yield/plant (GY/P) in the combined  data. 

* and **indicate significant at 0.05 and 0.01 levels of probability, respectively. NS= non 
stress , S= stress and  Comb.= combined  

 

GCA (ĝi)  in this study were found to be significantly differed from 
zero in all traits. High positive values would be highly appreciated under all 
the studies traits, except flag leaf angle where high negative effects would be 
useful from the breeder’s point of view. It could be concluded that the parent 
Giza 123 (p7) followed by Giza 124 were the best combiners for FLa, 
indicating that these varieties considered as a good tolerant combiner for 
drought.  
        With respect to the traits, which the positive direction are interested, two 
parents (line 9 and Line 10) for number of spikes/plant, three parents (Giza 
124, Line 5 and Line 6) for number of kernels /spike, four parents (Giza 124, 
Giza 126 and Giza 123) and Line 4 for 100 kernels weight and three parent 
(Line 9, Giza 126 and Giza 124) for grain yield/plant. Therefore, the two 
parents Giza 124, Giza 123 and Line 9 could be considered as excellent 
parents in breeding programs aimed to release parents to drought tolerance.  
Specific combining ability effects (Sij): 

SCA (Sij) of the parental combinations computed for seven traits in 
combined analysis are presented in Table (6). In the combined analysis; 
significant positive SCA effects were found in the crosses ; Line 5 x Line 4 
followed by, Line 6 x Giza 126; Line 9 x Giza 126, Line 10 x Giza 123, Giza 
124 x Giza 126 and Giza 124 x Line 6 for RWC and crosses; Giza 124 x Line 
6, Giza 124 x Line 5, Giza 124 x Giza 126, Line 6 x Line 4, Line 9 x Line 10, 
Line 9 x Line 5, Line 6 x Line 10 and Line 10 x Line 4 for TSS.  Significant 
negative SCA effects were detected in five parental combinations for flag leaf 
angle.  The best crosses were  Giza 124 x Line 4 and Line 9 x Line 6. Highly 
significant positive SCA effects were found in the crosses; Line 6 x Giza 123, 
Line  9 x Line 5, Line 6 x Line 10 and Line 5 x Line 6 for NS/P, two crosses 
Line 10 x Line 4 and Line 6 x Line 4 gave the highest Sij effects for NK/S, 
thirteen crosses for 100-KW, the best crosses were  Line 9 x Line 5, Line 10 x 
Giza 123, Giza 124 x Line 10, Line 9 x Line 4 , Line 5 x Line 4 and Giza 126 x 

GY/P 
(g) 

100 KW 
(g) 

NK/S NS/P FLa TSS RWC (%) Parent 

0.53** 0.20** 1.13** -0.67** -1.421** -0.20** 1.23** Giza124(p1) 

2.47** -0.11** -1.08** 1.13** 0.979** 0.02 -1.92** Line-9(p2) 

0.96** -0.17** 3.33** 0.02 0.26 0.12 -1.70** Line-5(p3) 

-0.44** -0.11** 1.93** 0.32** 2.045** 0.17** 2.87** Line6(p4) 

0.62** 0.13** 0.33 -0.83** 0.20 0.24** 0.80** Giza126(p5) 

-0.05 -0.21** -0.78** 0.86** -0.621** -0.20** -0.97** Line-10(p6) 

-2.24** 5.22** -2.58** -0.76** -1.487** 0.30** -1.32** Giza123(p7) 

-1.85** 5.06** -2.28** -0.07  -0.46** 1.02** Line-4(p8) 

0.31 0.02 0.44 0.10 0.43 0.12 0.30 LSD 0.05 

0.41 0.03 0.59 0.13 0.57 0.16 0.40 LSD 0.01 

0.59 0.04 0.84 0.19 0.81 0.23 0.57 L.S.D (gi-gj)5% 

0.78 0.05 1.12 0.25 1.08 0.31 0.76 L.S.D (gi-gj) 1% 
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Line 10 for this trait and ten parental combinations for GY/P, the best crosses 
were Line 6 x Line 4, Giza 126 x Giza 123, Line 5 x Line 6, and Line 10 x Line 
4, Line 5 x Giza 123 and Line 9 x Line 5 for this trait.  
 
Table (6) : Estimates specific of combining ability (SCA) effects for 

relative water content (RWC), total soluble solids  (TSS),  
Flag leaf angle (FLA), number of spike/plant (NS/P), 
number of kernels/spike (NK/S), 100 kernels wieght  (100 
kw) grain yield/plant (GY/P) in the combined  data. 

 * and **indicate significant at 0.05 and 0.01 levels of probability, respectively. NS= non 
stress , S= stress and  Comb.= combined  

 
Generally  the best parental combinations were ; Line 9 x Line 5, Giza 

126 x Giza124, Line 6 x Line 10 and Line 10 x Line 4 for most studied traits. 
These crosses could be successfully need for breeding to drought tolerant in 
barley. The results obtained herein concerning general and specific 
combining ability effects indicated that the excellent hybrid combinations 
were obtained from the three possible combinations between the parents of 

GY/P 
(g) 

100 KW 
(g) 

NK/S NS/P FLa TSS RWC (%) crosses 

-0.65 0.02 1.53 -1.0** 5.1** 0.12 -3.51** Giza124x Line 9 

0.78 0.16** 2.13 -1.4** -1.19 0.857* 0.11 x Line 5 

-2.66** 0.19** -0.47 0.40 3.7** 1.14** 2.51** x Line6 

2.29** -0. 2** 5.13** -0.97** -1.10 0.91** 2.55** x Giza126 

-5.17** 0.25** -6.767** -1.2** 3.2** -0.33 -0.98 x Line 10 

2.76** -0.11* 5.033** 0.30 -0.61 -0.33 -0.27 x Giza123 

-7.07** 0.09 -7.267** 0.93** -5.5** 0.27 -3.78** x Line 4 

2.8** 0.34** 3.333** 1.01** -1.10 0.97** 1.79* Line 9 x Line 5 

-4** -0.05 1.73 -0.30 -5.4** -0.24 -3.41** x Line 6 

1.17 0.06 4.33** -0.64* 6.3** -0.31 3.35** x Giza126 

0.86 0.25** -1.57 -0.20 2.12 1.12** 1.94* x Line 10 

0.14 -0.06 3.23* -0.10 -1.01 -0.88* -6.22** x Giza123 

0.90 0.24** -6.07** 0.20 -0.71 -1.276* -4.92** x Line 4 

4.12** 0.25** -2.67* 0.86** 5.8** -2.68** 0.34 Line 5 x Line6 

2.25* 0.08 -0.07 0.50 0.02 -0.58 -5.07** x Giza126 

-2.31** -0.14* -0.97 -0.50 -3.2** -0.14 -2.99** x Line 10 

2.83** 0.21** -0.17 -0.21 -0.80 -0.14 -1.08 xGiza123 

-5.13** 0.24** -9.47** 0.41 7.5** 0.62 5.04** x Line 4 

-6.05** 0.13 -10.67** -1.7** -3.3** 0.04 4.48** Line6 x Giza126 

1.79* -0.5** 5.43** 0.97** 1.89 0.97** 0.98 x Line 10 

-3.32** 0.16** -8.77** 1.14** 0.75 0.31 -1.89* xGiza123 

6.14** 0.08 9.93** 0.17 1.72 0.91** 1.42 X Line 4 

-3.56** 0.24** -8.97** 0.201 -0.60 -0.43 0.23 Giza126xLine10 

4.23** -0.2** 5.83** 0.44 -1.06 0.74* -0.74 x Giza123 

-5.18** 0.08 -7.47** -0.032 -1.93 -0.66 -0.38 x Line 4 

-5.43** 0.31** -11.07** -0.9** -2.91* -0.83* 3.07** Line10xGiza123 

3.87** 0.03 13.63** -1.2** 1.39 0.94** 0.63 x Line 4 

-7.61** 0.13* -13.57** -0.534 2.42* -0.23 0.79 Giza123 x Line4 

1.69 0.10 2.41 0.54 2.33 0.67 1.63 L.S.D(sij)5% 

2.25 0.14 3.24 0.71 3.10 0.89 2.17 L.S.D(sij)1% 

2.51 0.15 3.57 0.80 3.45 0.99 2.41 L.S.D (sij-sik)5% 

3.33 0.20 4.74 1.06 4.58 1.31 3.21 L.S.D (sij-sik)1% 
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high and low general combining ability effects i.e. high x high , high x low and 
low x low. Consequently it could be concluded that general combining ability 
effects of the parental lines were generally unrelated to the specific 
combining ability effects of their respective crosses.  
Genetic Components and Heritability 

The computed parameters for all traits under normal and water stress 
conditions are presented in Tables (7 and 8). Data show that, the additive 
component (D) was significant for all the studied traits under the two 
conditions, except for FLa under normal and water stress conditions; NK/S 
and GY/P under normal condition and for TSS under stress condition. These 
results indicated that the suggested predominant role of additive gene effects 
in the inheritance of these traits under normal and water stress conditions.  

 Highly significant values for the dominance component (H1) was 
obtained for all traits under normal and water stress conditions. Values of (H1) 
were higher in magnitude than the respective (D) ones for all traits at the two 
conditions.  These results indicate that dominance type of gene action was 
the most prevalent genetic component for these traits. The contradiction in 
magnitude obtained between (D) and GCA estimate for some traits could be 
attributed to the great role of both allelic and non allelic genetic types of the 
expression for some traits under the two conditions. These results are in line 
with those reported by Polok et al. (1997) and Afify(2005). 

Highly significant values for the dominance components (H2) were 
obtained for all traits under normal and water stress conditions. Theoretically 
(H2) should be equal to or less than (H1) (Hayman, 1954b). In this study the 
values of H2 were smaller than the values of H1 for all traits under both 
conditions. This result indicates that the positive (u) and negative (v) alleles 
frequencies at the loci for the previous cases in question are not equal in 
preparation in the parents. 

Insignificant h
2
 values were detected for all studied traits under 

normal and water stress conditions, except for 100- KW in both conditions as 
well as for GY/P under stress condition. Thus indicating that the effect of 
dominance was due to heterozygosity and that dominance was unidirectional 
appreciable heterotic effect for the exceptional cases. The same trend was 
obtained by Ahmed et al. ( 1998 ) and Moustafa (2002). 

The covariance of additive and dominance ( F ) was insignificant for 
all studied traits under both conditions, except for RWC and TSS  under 
stress and normal conditions, respectively, NS/P  under both conditions and 
100-KW under water stress conditions. Generally it could be concluded that 
unequality of the relative frequencies of dominant and recessive alleles in the 
parents for the exceptional cases. These findings were in line with those 
reached by Moustafa (2002). 

The relative size of (D) and (H1) estimated as (H1/ D)
1/2

 can be used a 
weight measure of the average degree of dominance at each locus.  The 
presence of over dominance for all studied traits under normal and water 
stress conditions. The same trend was  obtained by Ahmed et al. ( 1998 ) and 
Afify ( 2005 ).  
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         The average frequency of negative vs. positive alleles in parental 
population was detected by computing the ratio of (H2 / 4 H1). Value largely 
deviating from one quarter were obtained for most traits under the two 
conditions, indicating that negative and positive alleles were unequally 
distributed among the parents, Tables (7 and 8).  

The ratio of dominance (KD)/recessive (KR) = [(4 DH1) 

2

1

+F/(4DH1) 2

1

-F] were more than unity for all the  studied traits under 
normal and water stress conditions. These results showed that the 
proportions of dominant alleles are greater in the parents than the recessive 
ones for all the studied traits under normal and water stress conditions. 
These results are in agreement with those obtained by El-Hosary  et al, 
(1992), El-Marakby et al. ( 1994 ) and Ahmed et al.  (1998). 
 

Table (8): Genetic components of variation and proportions in diallel 
crosses for number of kernels/spike, 100 kernels weight and 
grain yield/plant under normal and stress conditions. 

 *and**indicate significant at 0.05 and 0.01 levels of probability, respectively NS= non 
stress and S= stress 

 

The correlation coefficient value between parental mean (Yr) and (wr 
+ vr) for each array was significant positive for number of spikes per plant 
under normal and water stress conditions; TSS under normal as well as for 
grain yield per plant under water stress condition, indicating that decreases 
genes were dominant over increases. However, significant negative 
correlation values were obtained for FLa and 100-KW in both conditions, 
RWC and TSS under water stress , indicating that increasing genes were 
recessive alleles over decreases. For other studied traits, low correlation 
value which could not be fruitful in getting any idea about the direction of 
dominance were obtained. Such low value of correlation coefficient might be 
due to the presence of epistasis and to additively of most genes involving the 
system in these traits.  Also, it might reveal that high performance for such 
traits was controlled by dominant and recessive genes. These results are in 
agreement with those obtained by Eshghi and  Akhundova(2009). 
Heritability values: Heritability estimates in narrow sense for all traits under 
normal and water stress conditions are given in Tables (7 and 8). The 
heritability estimates ranged from 0.022 for TSS under stress condition to 

Genetics 
component 

NK/S 100-KW (g) GY/P (g) 

NS S NS S NS S 
^
D 13.35±11.87 40.56**±14.48 0.23**±0.07 0.18**±0.03 10.38±8.53 13.64*±6.42 

^
H1 257.59**±27.29 175.72**±33.29 0.48**±0.16 0.36**±0.07 125.33**±19.61 94.43**±14.76 

^
H2 196.72**±23.74 144.48**±28.96 0.39**±0.14 0.30**±0.06 100.77**±17.06 75.87**±12.84 

^
 h

2
 18.01±15.92 6.81±19.42 0.33**±0.09 0.59**±0.04 20.90±11.44 54.05**±8.61 

^
F 7.65±28.05 45.58±34.21 0.27±0.16 0.17*±0.07 20.28±20.16 22.34±15.18 

^
E 3.82±3.96 3.97±4.83 0.005±0.02 0.008±0.01 2.11±2.84 1.40±2.14 

(H1/D)
1/2 

4.39 2.08 1.45 1.40 3.48 2.63 

H2/4H1 0.19 0.21 0.20 0.21 0.20 0.20 

KD/KR 1.14 1.74 2.37 2.00 1.78 1.90 

h
2
/H2 0.09 0.05 0.84 1.96 0.21 0.71 

Heritability 0.39 0.25 0.19 0.28 0.21 0.20 

r -0.15 0.33 -0.84** -0.88** 0.03 0.64** 

R
2 

0.02 0.11 0.70 0.78 0.00 0.41 
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0.50 for NS/P under normal condition. Moderate heritability estimates were 
also shown for NS/P  under normal condition. Low heritability estimates were 
detected for FLa, NK/S, 100-KW and GY/P under the two conditions as well 
as for TSS under normal and RWC under water stress condition indicating 
that most of the genetic variance may be due to non-additive genetic effect. 
These findings supported the previous results of genetic components, where 
the H1 estimates were found to have great role in these traits, Tables (7 and 
8). Therefore the bulk method program for most traits might be quite 
promising. The same trend was reported by Moustafa (2002), Abd-El-Aty and 
El-Borhamy(2007) and Eshghi and  Akhundova (2009). 
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تحليل القدرة على التألف والمكون الوراثى للتراكيب الوراثية للشعيير المزععرت تحع  
 بيئتى الجفاف والرى اليادى

 و 1، نمجعععد عبعععد اللفعععار الجمعععال  2، محمعععود نمعععين الم عععيلحى 1السعععيد حامعععد ال عععييدى
 2نحمد نبو اليع الزجار 

 جامية طزطا-قسم المحا يل-كلية العراعة -1
 وعارة العراعة واست لاح الاراضى -مركع البحوث العراعية -2

 
محلفظاة الرربياة لامو موسام  -هذه الدراسة بمزرعة محطة البحوث الزراعية باللجميز  أجريت 

مااا الياااير المدبلعااد  ورااياال  و كلةاات هااذه  ةكيااو وراايااادربلساادلداث املةيااة ، 0228/0229و  0227/0228
وقااد  2وسااملة 401،جيااز   42،سااملة404جيااز  ، 4سااملة ، 3، سااملة 9،سااملة 402الدراكيااو هاا ز جيااز  

أجريت كو الدهجيةلت الممكةة بيا الآبال  ماا اسادبالد الهجاا الاكساية    وزرعات الآبال  والجياو ايوو الهجيةا   
ف  دجربديا مةفصلديا، أعطيت ايولا  اامث ريالت فا  مراحاو الدفرياا ،اةسادطللة والطارد دظارو  علدياة ، 

واحاد   عةاد مرحلاة الدفرياا دظارو  جفال    وزرعات كاو دجرباة بلسادلداث دصاميث  بيةمل أعطيت الالةياة رياة
الرطااوب  ىلاا  اةلفاالط مدوسااطلت الدراكيااو  الإجهاالد أدى  .القطلعاالت كلملااة الايااوا ية فاا  ااامث مكااررات

لصاة علا  الورااية الملدلفة بللةسبة لماظث الصفلت دحت الدراسة ، كلا الدبليا الراجا للقدر  الالمة والقدر  الل
 المالملديا ماةويل لجميا الصفلت المدروسة    دحت كم الدلل 

بأةهاال أباال  مياالرك  جيااده دحاات   402وجيااز  3، سااملة 402أوضااحت الدراكيااو الوراايااة جيااز 
 3أظهرت ةدل ج القدر  الللصة عل  الدالل  أا الهجاا ساملة ظرو  الجفل   لصفة محصوو الحبوو للةبلت   

x  4، سملة 4سملة x 404، جيز   2سملة x   42و سملة  401جيز x بللةسبة لمحصاوو الحباوو   2سملة
وسااملة  404، جيااز   3،سااملة 402الدراكيااو الوراايااة جيااز   للةباالت  دحاات كااو مااا مااالملد  الاارى كلةاات 

 ، 2ساملة x 402، جياز  4ساملة  x 402، جياز   3سملة  x 402وجيز   9سملة  x 402،الهجا جيز  42
ايكاار مقلوماة  401جياز   x 404جيز   و401جيز  x  4سملة  ،4سملة  x 3، سملة   3سملة  x 9ملة س

 للجفل  عل  أسلس صفة محصوو الحبوو  

 قام بتحكيم البحث

 

 جامية المز ورة –كلية العراعة  محمود سليمان سلطانن.د / 
 زهاب جامية – مشتهر كلية عراعة على عبد المق ود الح رىن.د / 
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  Table (2): Mean square of ordinary analysis for number of spikes/plant, number of kernels/spike, 100 kernels 
weight and grain yield/plant under normal and stress       conditions as well as the combined  data.     

GY/P (g) 100 -KW (g) NK/S NS/P df 
Com. 

df S . 0 . V 
Com S NS Com S NS Com S NS Com S NS 

 0.75 3.89  0.067 0.008  0.33 9.33  1.50 1.49  2 Replication 

936.61**   2.593**   888.17*   72.42**   1  Environments 

2.32   0.04   4.83   1.50   4  
Rep.with 
environment 

124.04** 68.12** 86.63** 0.69** 0.38** 0.39** 327.21** 180.91** 166.36** 10.58** 5.93** 6.32**  35 Genotypes 

41.77** 45.10** 37.46** 1.13** 0.57** 0.69** 128.14** 59.79* 85.50** 16.09** 7.99** 9.65**  7                Parents 

133.54** 64.28** 97.66** 0.40** 0.21** 0.25** 348.02** 192.0** 176.94** 9.03** 5.28** 5.50**  27               Crosses 

443.63** 333.18** 133.02** 5.53** 3.65** 2.01** 1158.86** 729.17** 446.88** 13.77** 8.97* 5.08*  1               P v s .C 

30.71**   0.08**   20.05*   1.67**   35  Genotypes x Env. 

40.79**   0.14**   17.14   1.55   7  Parents x Env. 

28.40**   0.06**   20.91*   1.75**   27  Crosses x Env. 

22.58**   1.12**   17.2*   0.28   1  P v s .C x Env. 

5.34 4.29 6.39 0.019 0.023 0.015 10.83 10.96 10.705 0.54 0.55 0.526 140 70 Error 

46.70** 24.32** 28.94** 0.60** 0.32** 0.31** 84.8** 56.89** 34.63** 10.98** 5.58** 6.60**  7 GCA 

40.01** 22.31** 28.86** 0.14** 0.08** 0.09** 115.1** 61.17** 60.66** 1.66** 1.08** 1.03**  28 SCA 

6.55*   0.033*   6.67   1.002*   7  GCA xEnv 

11.16**   0.024**   6.69*   0.45**   28  SCA xEnv 

1.78 1.43 2.13 0.006 0.008 0.005 3.61 3.65 3.57 0.18 0.18 0.18 140 70 Error 

1.167 1.09 1.003 4.29 4.08 3.62 0.74 0.93 0.57 6.61 5.19 6.22   GCA/SCA 

0.14   0.055   0.08   0.09     GCA x Env/GCA 

0.28   0.17   0.06   0.27     SCA x Env/SCA 

    *and **indicate significant at 0.05 and 0.01 levels of probability, respectively.  N= normal , S= stress and  Com.= combined 
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  Table (1): Mean square of ordinary analysis for relative water content, total soluble solids and flag leaf angle under 

normal and stress conditions as well as the combined  data.     
FLa TSS ()% RWC df 

Com 
df S . 0 . V 

Com S N Com. S N Com S N 

 0.30 21.53  5.34 1.58  1.92 0.23  2 Replication 

10017.78**   350.12**   4179.76**   1  Environments 

10.89   3.46   1.07   4  Rep.with environment 

75.01** 24.57** 111.29** 4.88** 3.76** 2.50** 88.80** 79.00** 52.52**  35 Genotypes 

25.76** 9.41** 55.80** 7.00** 3.42* 3.98** 39.463** 54.14** 45.56**  7                     Parents 

85.96** 29.17** 123.35** 4.49* 3.94** 2.20** 101.41** 85.02** 55.62**  27                     Crosses 

124.26** 6.61* 174.05** 2.79** 3.22** 2. 24** 93.67** 90.46** 17.44**  1                      P v s .C 

60.85**   1.37*   42.72**   35  Genotypes x Env. 

39.45*   0.40   60.23**   7  Parents x Env. 

66.56**   1.66*   39.23**   27  Crosses x Env. 

56.41**   0.45   14.23**   1  P v s .C x Env. 

10.10 3.16 17.04 0.73 0.90 0.66 4.95 6.28 3.62 140 70 Error 

28.20** 11.25** 32.78* 1.38* 0.34 1.32** 59.03** 29.16** 46.81**  7 GCA 

24.20** 7.43** 38.17** 1.69** 1.48** 0.71** 22.24** 25.63** 10.18**  28 SCA 

15.83*   0.28   16.93**   7  GCA xEnv 

21.38**   0.50*   13.57**   28  SCA xEnv 

3.37 1.06 5.68 0.28 0.33 0.22 1.65 2.09 1.21 140 70 Error 

1.17 1.51 0.86 0.82 0.23 1.86 2.65 1.12 4.60   GCA/SCA 

0.56   0.20   0.29     GCA x Env/GCA 

0.88   0.30   0.61     SCA x Env/SCA 

  *and **indicate significant at 0.05 and 0.01 levels of probability, respectively. N= normal , S= stress ,  Com= combined 
   Relative water content=RWC, Total soluble solids =TSS, Flag leaf angle= FLa , number of spike/plant =NS/P, number of kernel/spike= NK/S, 100  

kernel weight = 100-KW and grain yield/plant= GY/P. 
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              Table (7): Genetic components of variation and proportions in diallel crosses for relative water content, total soluble 
                                    solids, Flag leaf angle and  number of spikes/plant under normal and stress conditions.  

*and**indicate significant at 0.05 and 0.01 levels of probability, respectively N= normal and S= stress 

 

Genetics 
component 

RWC (%) TSS FLa NS/p 

N S N S N S N S 
^
D 14.01**±3.57 15.99**±5.73 1.10**±0.19 0.77±0.69 12.88±16.057 2.11±5.42 3.03**±0.55 2.47**±0.55 

^
H1 45.49**±8.21 112.16**±13.18 2.57**±0.43 5.32**±1.59 138.67**±36.91 36.67**±12.47 5.62**±1.27 6.42**±1.27 

^
H2 39.17**±7.14 83.46**±11.46 2.14**±0.37 4.60**±0.93 128.11**±32.11 31.49**±10.85 3.83**±1.11 4.77**±1.10 

^
 h

2
 2.35±4.79 13.94±7.69 -0.10±0.25 0.04±0.93 26.05±21.54 0.64±7.28 0.75±0.74 1.39±0.74 

^
F 1.60±8.44 28.61*±13.54 1.13*±0.44 1.42±1.63 8.38±37.94 4.69±12.82 2.56*±1.31 2.56*±1.30 

^
E 1.18±1.19 2.05±1.91 0.23**±0.06 0.37±0.23 5.72±5.35 1.03±1.81 0.19±0.18 0.19±0.18 

(H1/D)
1/2 

1.80 2.65 1.53 2.63 3.28 4.17 1.36 1.61 

H2/4H1 0.22 0.19 0.21 0.22 0.23 0.21 0.17 0.19 

KD/KR 1.07 2.02 2.02 2.08 1.22 1.73 1.90 1.95 

h
2
/H2 0.06 0.17 -0.05 0.01 0.20 0.02 0.20 0.29 

Heritability 0.46 0.26 0.20 0.02 0.17 0.13 0.50 0.36 

r 0.12 -0.74** 0.55** -0.61** -0.65** -0.57** 0.80** 0.54** 

R
2 

0.01 0.54 0.30 0.37 0.42 0.32 0.64 0.29 


