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ABSTRACT  
Drought is one of the major environmental factors which threaten wheat production 

worldwide. Nine bread wheat genotypes were crossed in a 9x9 half diallel scheme in 

2012/2013. The nine parents Yakora (P1), Sakha 93 (P2), Misr 2 (P3), Sids12 (P4), Gemmiza 

11 (P5), Line 150 (P6), Line 116 (P7), Line 145 (P8) and Line 124 (P9) and their thirty-six F1 

crosses were evaluated under normal and stress conditions during 2013/2014 in two 

experiments in a randomized complete block design (RCBD) with three replications at the 

Experiment Research Station of Moshtohor, Benha University, Kalubia Governorate, Egypt. 

The results of analysis of variance showed significant for all studied traits. Mean squares for 

genotypes, parents, crosses and parents vs. crosses were significant for all traits except days to 

heading for parent's mean squares. The highest mean values were detected under combined 

analysis by parents P5, P7,P1,P4,P4 and p8 for days to heading, plant height, no. of 

spike/plant, 1000 grain weight, no. of kernels/spike and grain yield, respectively. While, the 

highest mean values were recorded under combined analysis with crosses P1×P7, P3×P7, 

P1×P3, P5×P8, P4×P9 and P4×P5 for days to heading, plant height, no. of spike/plant, 1000 

grain weight, no. of kernels/spike and grain yield, respectively. Mean squares of both general 

(GCA) and specific (SCA) combining ability estimates were highly significant for all the 

studied traits. The ratio of GCA/SCA being more than unity in all cases indicated that the 

additive gene effects were more important for all of the traits. P8 was a good combiner for 

days to heading and grain yield. The highest desirable SCA effects were obtained with P6×P8 

for days to heading, P1×P4 for plant height and 1000 grain weight, P1×P5 for no. of 

spike/plant, P1×P3 for no. of kernels/spike, P1×P7 for grain yield under combined analyses. 

P4 was high tolerant for stress irrigation, for grain yield. The cross P2×P4 had high tolerance 

to stress irrigation treatment for this trait. 

Key words: Wheat, combining ability, drought, GCA and SCA.    
 

INTRODUCTION 

Wheat (Triticum aestivum L.) is one of the most important and strategic 

cereal crops in the world. It is grown on about 200 million ha in a range of 

environments, with annual production of more than 600 million metric tons. 

Increasing wheat production to narrowing the gap between production and 

consumption is vital in Egypt. Big variation in wheat productivity in different 

parts of the country should be reduced to achieve a projected high productivity, 

through diversification of wheat breeding programs and developing new set of 

wheat varieties with high yielding. 

Water stress is a problem that affects 45% of the world’s geographic 

area and is a major constraint in wheat production and the most important 

contributor to yield reduction in semiarid regions (Andrew et al. 2000; Amjad et 
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al. 2011). Improving drought resistance is, therefore, a major objective in plant 

breeding programs. 

Drought avoidance consists of mechanisms that reduce water loss from 

the plant and the mechanisms that maintain water uptake. Drought tolerance 

refers to the ability of the plant to withstand with low tissue water potentials. 

Heterosis is a complex phenomenon, which depends on the balance of 

different combinations of gene effects as well as on the distribution of plus and 

minus alleles in the parents of a mating system. In self-pollinated crops, like 

wheat, the scope for utilization of heterosis depends mainly upon the direction 

and magnitude of heterosis. Heterosis over better parent may be useful in 

identifying the best crosses but these hybrids can be of immense practical value 

if they involve the best cultivars of the area (Prasad et al 1998). 

According to Arunachalam (1976), Baker (1978), Esmail (2002), Joshi et 

al (2004), Hasnain et al (2006) and Farooq et al (2010), the combining ability is 

a most reliable biometrical tool to circumvent plant breeding programs.  

In general, screening and discovering drought tolerant gene resources 

are urgently needed for creating productive breeding materials with improved 

drought tolerance. Diallel cross technique is a good tool for the identification of 

hybrid combination that have the maximum improvement and identifying 

superior lines among the progenies in early segregations. 

Therefore, the major objectives of this work were: 

1- Evaluating performance of nine parents of bread wheat and their F1 

crosses to identify the best performing genotypes. 

2- Estimating heterosis, general and specific combining ability to identify 

the best combiner parents and its crosses for grain yield and its 

components 

 

MATERIALS AND METHODS  

Five commercial cultivars and four introduced lines of bread wheat were 

selected for this study. The parental Names, origin and pedigree of these 

genotypes are presented in Table (1). The experimental field work was carried 

out at Agricultural Research Station, of Moshtohor, Benha University, Kalubia 

Governorate, Egypt during the two successive seasons 2012/2013 and 

2013/2014. The parents were crossed in a 9x9 diallel cross excluding reciprocals 

in 2012/2013 growing season. In 2013/2014 two adjacent experiments using 

randomized complete block design with three replications were carried out. Each 

experiment contained the nine parents and their resulting 36 F1's. The sowing 

date was on 24
th

 Nov. 2013.   The first experiment was irrigated only once after 

planting irrigation and the second one was normally irrigated. Plots of parents 

and F1's consisted of one rows, 3 m long, with spacing of 30 cm between rows 

and 20 cm between plants. 
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Table 1. Names, pedigree and origin of the parental genotypes 

No Name Origin Pedigree 

P1 Yakora Egypt Ciano 67/Sonora 6411 Klien 
Rendidor/3/1L815626Y-2M-1Y-0M-302M 

P2 Sakha 93 Egypt S 92/TR 810328 S8871-1S-2S-1S-0S 

 

P3 Misr 2 Egypt 
SUPER-KAUZ/BAVIACORA-92[3589][3686] 

P4 Sids 12 Egypt BUC//7C/ALD/5/MAYA74/ON//1160.147/3/BB/GLL/4/ 

CHAT"S"/6/MAYA/VUL//CMH74A.630/4*SX 

SD7096-4SD-1SD-1SD 0SD 

P5 Gemmiza 11 Egypt BOW"S"/KVZ"S"//7C/SER182/3/GIZA 168/SAKHA61. 
GM7892-2GM-1GM-2GM-1GM-0GM. 

P6 Line 150 CIMMYT CMH.S87.150\ ELVIRA   

P7 Line 116 CIMMYT MILAN \ S7116 \\ Hall //(Ne700011) 

P8 Line 145 CIMMYT MILAN  \ S7145 \\ OAPYMex 

P9 Line 124 CIMMYT MILAN \ S87124 \\ BABAX 

 

The dry method of planting was used in this concern. The other cultural 

practices of growing wheat were practiced. The amount of total rainfall during 

the growing season were recorded in Table (2). 

Table 2. Monthly averages of temperature, relative humidity and total rain 

fall during 2013/2014 season at Kalubia (Moshtohor).       

Months 

 

 

 

 

Temperature C R.H. 

(%) 

Rain fall 

mm/month Min. Max. 

Nov.2013 27.1 14.6 51.6 0.2 

Dec.2013 20.1 8.5 54.7 0.7 

Jan.2014 19.7 7 55.8 1.2 

Feb.2014 22.4 8.4 46.2 0.4 

Mar.2014 27.8 11.0 37.3 0.1 

Apr.2014 29.1 12.4 38.9 0.2 

May.2014 35.5 18.0 32.1 ---- 

    
Ten guarded plants from parents and the F1’s were selected randomly from each 

plot for recording observations on different characters, namely, The characters 

studied were, Days to heading, Plant height(cm), grain yield/ plant (g), No .of 

spikes /plant, No .of kernels/ spike and 1000- kernel weight (g). A stress 

susceptibility index (s) was used to characterize relative sterss resistance of all 

http://www.wheatpedigree.net/refer/ajaxShow/3589
http://www.wheatpedigree.net/refer/ajaxShow/3589
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genotypes. For each genotype drought susceptibility index (DSI) was calculated 

using formula given by Saulescu et al. (1995) 

                                        DSI = S/NS 

Where: Ns and S character with normal irrigated and stress conditions, 

respectively.          

Heterosis for each trait computed as parents vs. hybrids sum of squares 

was obtained by partitioning the genotypes sum of square to its components. 

Analysis of variance was conducted as outlined by Steel and Torrie (1980) for 

all the characters. The analysis of GCA and SCA was done following the 

procedure given by Griffing (1956) using Method II Model I. The combined 

analysis of the two experiments was carried out whenever homogeneity of mean 

squares was detected (Gomez and Gomez 1984). Percentages of heterosis 

relative to mid (MP) and better (BP) parents were calculated according to 

Fonsecca and Patterson (1968) as follows: 

MP= (value of F1- mean of the two parents/mean of the two parents)×100.  

BP= (value of F1- value of the best parent/value of the best parent)×100. 

Analysis of variance was done using the computerized statistical program 

MSTAT-C. 

 

RESULTS AND DISCUSSION 

 

Analysis of variance  

Mean squares of the analysis of variance for the studied traits of 45 

wheat genotypes (9 parents and 36 F1 hybrids) are presented in table (3), Results 

illustrated that irrigation mean squares were significant for all studied traits, 

indicating over all differences between normal and stress condition. Mean values 

of normal environment for all studied traits were higher than those of drought 

stress condition, except for 1000 grain weight. The increase in these traits are 

because of normal irrigation is prevailing favorable environment. 

  Mean squares for genotypes, parents, crosses and parents vs crosses were 

significant for all traits in both and across the two environments, except days to 

heading for parents mean squares, indicating wide diversity between the parents 

used in the present study for these traits. 

Genotypes × irrigation were significant for all studied traits except, plant 

height and 1000 grain weight such results indicated that the tested genotypes 

varied from one to anther and ranked differently from normal to stress irrigation 

treatments.  

Mean performance 
Results in Table (4) showed the average of yield and its components traits 

at the combined across irrigation treatments. Its clear that the parental variety 

Gemmeiza 11 was earliness in heading. the parental variety Yakora (P1) gave 

the highest mean values for No. of spikes/ plant. Sids 12 (P4) exhibited the 

highest No. of kernels/ spike and 1000-grain weight. The parental inbred line  
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Table (3) Mean squares for yield and its components under normal irrigation and 

drought stress condition as well as the combined over them. 

S.O.V. Df 
Days to 

heading  
Plant height 

no. of spike  

/plant 

1000 kernal 

 weight 

no. of 

 kernels 

/spike 

Grain yield 

/ plant 

drought environment 

Rep/ I 2 11.92* 433.13** 0.36 65.71** 45.12 2.17 

Genotypes 

(G) 
44 

10.37** 
188.92** 68.82** 54.67** 541.32** 259.14** 

Parent (P) 8 1.06 220.25** 169.51** 80.97** 1328.73** 286.91** 

Cross ( C) 35 12.12** 154.16** 43.42** 40.79** 362.55** 216.55** 

P vs C. 1 23.65** 1154.86** 152.32** 330.18** 498.82** 1527.76** 

Error 88 1.84 22.01 4.91 7.95 25.04 8.88 

GCA 8 3.69** 247.53** 81.05** 63.85** 674.41** 190.83** 

SCA 36 3.41** 21.96** 10.03** 8.09** 70.67** 63.17** 

Error 88 0.61 7.34 1.64 2.65 8.35 2.96 

GCA/SCA  1.08 11.27 8.08 7.9 9.54 3.02 

Normal environment 

Rep/ I 2 1.45 238.23** 13.79 39.15* 32.45 1.34 

Genotypes 

(G) 
44 

2.35** 
176.93** 75.29** 71.56** 577.84** 283.95** 

Parent (P) 8 2.26 232.23** 159.34** 102.23** 856.90** 347.70** 

Cross ( C) 35 2.43** 152.08** 57.90** 50.74** 528.00** 250.11** 

P vs C. 1 0.15 604.20** 11.56 554.87** 89.63 958.27** 

Error 88 1.29 22.08 4.07 7.24 27.15 8.79 

GCA 8 0.87* 257.80** 70.88** 69.73** 792.28** 118.71** 

SCA 36 0.76** 14.79** 14.92** 13.66** 59.35** 89.30** 

Error 88 0.43 7.36 1.36 2.41 9.05 2.93 

GCA/SCA  1.14 17.43 4.75 5.1 13.35 1.33 

Combined analysis 

Irrigation (I) 1 1068.03** 455.00** 845.53** 6220.80** 488.35** 11891.05** 

Rep/ I 4 6.69** 335.68** 7.08 38.79 52.43** 1.75 

Genotypes 

(G) 
44 

6.26** 
359.03** 125.15** 1036.93** 118.25** 415.33** 

Parent (P) 8 1.42 440.66** 323.39** 2004.08** 173.43** 589.36** 

Cross ( C) 35 7.26** 301.63** 79.87** 831.04** 84.14** 317.33** 

P vs C. 1 10.01* 1714.86* 123.90* 505.67* 870.55* 2452.97* 

G x I 44 6.47** 6.82 18.97** 82.22** 7.99 127.76** 

p2 x I 8 1.91 11.82 5.46 181.55** 9.78 45.25** 

C x I 35 7.30** 4.6 21.45** 59.51** 7.39 149.33** 

P.vs.C x I 1 13.78* 44.21 39.98* 82.78 14.5 33.05 

Error 176 1.56 22.05 4.49 26.09 7.59 8.84 

GCA 8 2.11** 504.59** 149.66** 1437.21** 129.10** 258.49** 

SCA 36 2.08** 34.14** 17.73** 103.07** 19.49** 111.76** 

GCA x L 8 2.46** 0.74 2.27 29.48** 4.48 51.05** 

SCA x L 36 2.09** 2.61 7.22** 26.95** 2.26 40.71** 

Error 176 0.52 7.35 1.5 8.7 2.53 2.95 

GCA/SCA  1.01 14.78 8.44 13.94 6.63 2.31 

GCA x 

L/GCA 
 

1.17 
0 0.02 0.02 0.03 0.2 

SCA x 

L/SCA 
 

1.00 
0.08 0.41 0.26 0.12 0.36 

* p> 0.05; ** p> 0.01 



 

 
89 

Table 4. Mean performance of the genotypes for yield and its components 

over the studied environments . 
Grain yield/ plant 1000 kernel 

weight 
No. of kernels/ 

spike 

No. of spike 

/plant 

Plant height Days to 

heading 

Traits 

C N D  

48.53 54.00 43.07 37.83 50.00 37.33 81.67 93.33 yakora (p1) 

52.57 61.07 44.07 39.87 53.33 32.83 93.83 93.67 Sakha 93 (p2) 

62.57 65.53 59.60 41.04 59.00 29.17 107.37 93.83 Misr 2 (p3) 

51.63 53.47 49.80 53.63 111.83 12.17 97.80 93.50 Sids 12(p4) 

54.00 62.60 45.40 48.37 66.33 22.67 106.40 92.50 
Gemmeiza11(P5) 

64.60 70.27 58.93 42.13 73.83 25.50 106.10 92.67 L 150   (p6) 

60.71 63.67 57.75 45.33 69.83 22.50 107.90 93.83 L 116  (P7) 

81.13 88.67 73.60 40.87 64.17 31.67 104.13 93.17 L 145 (P8) 

64.27 73.27 55.27 50.47 59.17 24.83 100.50 93.00 L 124 (P9) 

54.63 63.80 45.47 42.08 63.00 28.00 86.17 93.83 1x2 

70.24 70.47 70.02 40.64 71.83 29.33 96.48 91.83 1x3 

64.80 67.40 62.20 49.33 90.50 20.43 102.37 93.17 1x4 

70.06 93.80 46.31 41.39 56.17 31.67 96.40 92.83 1x5 

71.57 84.07 59.07 44.87 58.50 32.50 97.63 92.67 1x6 

72.60 74.20 71.00 44.40 64.83 28.50 104.67 91.33 1x7 

67.87 69.80 65.93 47.77 58.50 30.67 98.80 92.83 1x8 

52.43 54.40 50.47 45.37 53.00 27.50 97.57 91.50 1x9 

61.00 61.73 60.27 48.17 64.00 25.17 102.87 92.00 2x3 

61.43 60.13 62.73 48.68 79.33 21.00 97.03 92.00 2x4 

57.37 67.13 47.60 48.93 74.83 21.00 105.00 93.50 2x5 

63.13 64.73 61.53 44.30 67.67 26.67 103.13 92.50 2x6 

55.50 65.00 46.00 51.27 75.33 19.67 110.77 92.17 2x7 

65.87 69.93 61.80 46.40 61.67 27.17 102.90 92.50 2x8 

59.30 62.40 56.20 48.23 59.67 24.83 103.23 91.50 2x9 

79.80 91.27 68.33 46.40 82.67 23.93 111.80 92.50 3x4 

60.70 65.60 55.80 50.67 76.17 20.00 112.57 92.33 3x5 

62.60 63.80 61.40 44.87 74.17 23.17 112.20 91.67 3x6 

75.52 77.03 74.00 49.18 74.00 25.50 115.73 92.83 3x7 

62.77 64.13 61.40 50.33 60.83 23.17 112.17 91.33 3x8 

74.80 75.20 74.40 46.73 68.83 27.07 115.13 93.50 3x9 

84.47 88.60 80.33 54.67 90.17 21.00 107.60 92.50 4x5 

67.87 66.60 69.13 50.83 94.50 19.00 110.40 93.17 4x6 

75.83 82.07 69.60 52.40 89.17 22.83 109.43 91.83 4x7 

64.63 72.13 57.13 49.53 65.33 23.17 103.73 96.33 4x8 

71.85 73.43 70.27 51.13 103.00 20.00 111.03 92.50 4x9 

67.60 71.53 63.67 50.57 73.67 22.00 113.77 92.50 5x6 

62.99 69.33 56.65 54.49 75.17 19.67 115.30 91.67 5x7 

75.10 81.73 68.47 54.73 61.83 27.67 108.47 94.50 5x8 

74.37 83.33 65.40 54.80 69.33 26.67 112.93 92.17 5x9 

70.47 83.47 57.47 52.06 64.17 29.33 106.23 94.00 6x7 

70.73 71.53 69.93 51.73 75.00 22.67 115.60 94.00 6x8 

66.58 72.00 61.17 47.63 72.33 25.33 112.97 92.67 6x9 

72.30 75.13 69.47 51.37 54.17 27.17 113.23 95.00 7x8 

66.97 72.60 61.33 51.13 64.17 24.77 113.20 93.50 7x9 

75.57 80.38 70.75 52.70 65.67 25.50 111.10 94.00 8x9 

60.00 65.84 54.16 44.39 67.50 26.52 100.63 93.28 Mean of parents 

67.54 72.50 62.57 48.88 70.92 24.83 106.93 92.80 Mean of crosses 

66.03 71.17 60.89 47.98 70.24 25.16 105.67 

92.89 

Mean of 

Genotypes 

4.76 4.81 4.83 0.438 0.438 3.391 7.5144 2.001 LSD 5% 

6.25 6.37 6.5 0.576 0.576 4.4565 9.8753 2.629 LsD 1% 
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L116 expressed longest parent. The parental line L145 (P8) give the 

heaviest grain yield / plant at both and across of irrigation treatments. 

The f1 crosses were generally earlier in heading, the earliest hybrids were  

P1xP7, P3xP8, P1xP3, P1xP9, P3xP6, P4xP7 and P5xP7.  

For plant height, the F1 hybrids: P3xP7, P3xP9, P5xP7, P5xP6, P6xP8, 

P7xP8 and P7xP9 had the highest values. On the other hand, the hybrids: P1xP2, 

P1xP3, P1xP5, P1xP6, P1xP8, P1xP9 and P2xP4 had the lowest value. Some 

farmers usually prefer higher plant due to the high price of hay. On the other 

hand, this plant must be given high yield for grain and behave resistant to 

lodging 

For No. of spikes/ plant, five hybrids P1xP3, P1xP5, P1xP6, P6xP7 and 

P1xP8 expressed the highest values for this trait. The F1 hybrid P4xP9 was the 

highest hybrid for No. of grains/ spike. As for 1000-grain weight, the three 

crosses P4xP5, P5xP7 P5xP8 and P5xP9 exhibited the highest weight. 

The high yield grain/ plant  was obtained by crosses P4xP5 in droght stress 

condition as well as the combined analysis on the other hand the cross P1xP5 

ranked the first hybrid for this traits in normal irrigation. These hybrids could be 

attributed to its high No. of grains/ spike, grain weight/spike and 1000-grain 

weight. Therefore, these crosses could be efficient for prospective wheat 

breeding programs aiming at improving wheat grain yield. 

Heterotic effects 

Percentages of heterosis relative to mid (MP) and better (BP) parents in 

studied wheat crosses in the combined analysis are presented in Table(5). The f1 

cross 3×8 and 1×7 showed significant negative heterosis effect for days to 

heading by (-2.40%) under combined analysis. Values of heterosis percentage 

relative to (MP) were significantly positive in eighteen , three , nine , seventeen 

and nineteen crosses with range of 6.35-14.08, 20.57-31.73, 11.84-31.80, 10.92-

24.66 and 7.17-59.29% for plant height, No. of spikes/ plant, No. of kernels/ 

spike, 1000-grain weight and grain yield/ plant, respectively (Table 7). However, 

heterosis percentage relative to (BP) were significantly positive in ten , five , 

twelve and fifteen crosses with range of  6.14-10.48, 12.81-21.75, 8.47-22.78 

and 6.23-56.42% for plant height, No. of kernels/ spike, 1000-grain weight and 

grain yield/ plant, respectively. With respect to No. of spikes/plant one cross for 

each traits exhibited significantly positive heterosis compared to better parents 

.The f1 11 crosses were significant negative heterosis effect for days to heading 

by (-2.66 ، -1.95 %) relative to better parent . 

Averages of heterosis percentages across all F1 hybrids were preceded 

with a desirable sign, i.e. exhibiting on average a desirable heterosis relative to 

mid parent for all studied traits. Averages of all heterotic effects relative to better 

parent across all studied hybrids were preceded with a desirable sign, i.e. 

showing in average a desirable heterobeltiosis for all traits. Pronounced and  
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Table (5): Heterosis relative to mid and better parent for the studied traits in 
the combined analysis . 

1000 kernal weight Number of 

kernels/spike 

Number of spike /plant Plant height Days to heading Cross 

 

 
B.P M.P B.P M.P B.P M.P B.P M.P B.P M.P 

5.54 8.30 18.13** 21.94** -25.00** -20.19** -8.17** -1.80 0.18 0.36 1x2 

-0.97 3.05 21.75** 31.80** -21.43** -11.78* -10.14** 2.08 -2.13** -1.87 1x3 

-8.02** 7.87 -19.08** 11.84* -45.27** -17.44* 4.67 14.08* -0.36 -0.27 1x4 

-14.43** -3.97 -15.33** -3.44 -13.64** 5.56 -9.40** 2.52 0.36 -0.09 1x5 

6.49 12.21** -20.77** -5.52 -12.95** 3.45 -7.98** 3.99 -0.71 -0.36 1x6 

-2.06 6.77 -7.16 8.21 -23.66** -4.74 -3.00 10.43* -2.66** -2.40* 1x7 

16.88** 21.39** -8.83 2.48 -17.86** -11.11* -5.12* 6.35* -0.54 -0.45 1x8 

-10.11** 2.76 -10.42* -2.90 -26.34** -11.53* -2.92 7.12* -1.96* -1.79 1x9 

17.36** 19.06** 8.47 13.95 -23.35** -18.82** -4.19 2.25 -1.95* -1.87 2x3 

-9.24** 4.12 -29.06** -3.94 -36.04** -6.67 -0.78 1.27 -1.78* -1.69 2x4 

1.17 10.92* 12.81** 25.07** -36.04** -24.32** -1.32 4.88 -0.18 0.45 2x5 

5.14 8.05 -8.35* 6.42 -18.78** -8.57 -2.80 3.17 -1.25 -0.72 2x6 

13.09** 20.34** 7.88 22.33** -40.10** -28.92** 2.66 9.81* -1.78* -1.69 2x7 

13.54** 14.95** -3.90 4.96 -17.26** -15.76** -1.18 3.96 -1.25 -0.98 2x8 

-4.43 6.79 0.85 6.07 -24.37** -13.87* 2.72 6.24 -2.31** -1.96 2x9 

-13.49** -1.98 -26.08** -3.22 -17.94** 15.81 4.13 8.98* -1.42 -1.25 3x4 

4.76 13.34** 14.82** 21.54** -31.43** -22.83** 4.84 5.32 -1.60* -0.89 3x5 

6.49 7.88 0.45 11.67 -20.57** -15.24* 4.50 5.12 -2.31** -1.70 3x6 

8.47* 13.86** 5.97 14.88* -12.57** -1.29 7.26** 7.53* -1.07 -1.07 3x7 

22.64** 22.90** -5.19 -1.22 -26.84** -23.84** 4.47 6.07 -2.66** -2.32* 3x8 

-7.40* 2.14 16.34** 16.50* -7.20 0.25 7.23** 10.78** -0.36 0.09 3x9 

1.93 7.19 -19.37** 1.22 -7.35 20.57* 1.13 5.39 -1.07 -0.54 4x5 

-5.22 6.16 -15.50** 1.80 -25.49** 0.88 4.05 8.29* -0.36 0.09 4x6 

-2.30 5.89 -20.27** -1.83 1.48 31.73** 1.42 6.40* -2.13** -1.96 4x7 

-7.64** 4.83 -41.58** -25.76** -26.84** 5.70 -0.38 2.74 3.03** 3.21** 4x8 

-4.66 -1.76 -7.90** 20.47** -19.46** 8.11 10.48** 11.99** -1.07 -0.80 4x9 

4.55 11.75* -0.23 5.11 -13.73** -8.65 6.92** 7.07* -0.18 -0.09 5x6 

12.66** 16.31** 7.64 10.40 -13.24* -12.92 6.86** 7.61* -2.31** -1.61 5x7 

13.16** 22.67** -6.78 -5.24 -12.63** 1.84 1.94 3.04 1.43 1.80 5x8 

8.59** 10.89* 4.52 10.49 7.38 12.28 6.14* 9.17* -0.90 -0.63 5x9 

14.83** 19.04** -13.09** -10.67 15.03** 22.22** -1.54 -0.72 0.18 0.80 6x7 

22.78** 24.66** 1.58 8.70 -28.42** -20.70** 8.95** 9.97** 0.89 1.17 6x8 

-5.61 2.88 -2.03 8.77 -0.65 0.66 6.47* 9.36* -0.36 -0.18 6x9 

13.31** 19.18** -22.43** -19.15** -14.21** 0.31 4.94* 6.81 1.24 1.60 7x8 

-0.45 6.75 8.45 -0.52 -8.83* 4.65 -0.03 8.64* -1.58* 0.09 7x9 

4.43 15.40** 2.34 6.49 -19.47** -9.73 6.69* 8.58* 0.89 0.98 8x9 

* p> 0.05; ** p> 0.01 
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Table (5): cont. 

 

Grain yield cross 

B.P M.P 

C N D C N D 

3.93 4.48 3.18 8.08 10.89* 4.36 1x2 

12.27** 7.53* 17.48** 26.45** 17.90** 36.40** 1x3 

25.50** 24.81** 24.90** 29.38** 25.43** 33.96** 1x4 

29.73** 49.84** 2.00 36.65** 60.89** 4.69 1x5 

10.78** 19.64** 0.23 26.52** 35.30** 15.82** 1x6 

19.59** 16.54** 22.94** 32.92** 26.12** 40.85** 1x7 

-16.35** -21.28** -10.42** 4.68 -2.15 13.03** 1x8 

-18.41** -25.75** -8.69 -7.03 -14.51** 2.64 1x9 

-2.50 -5.80 1.12 5.96 -2.47 16.27** 2x3 

16.87** -1.53 25.97** 17.91** 5.01 33.66** 2x4 

6.23* 7.24 4.85 7.66 8.57* 6.41 2x5 

-2.27 -7.87* 4.41 7.77 -1.42 19.48** 2x6 

-8.58** 2.09 -20.35** -2.01 4.22 -9.64* 2x7 

-18.82** -21.13** -16.03** -1.47 -6.59* 5.04 2x8 

-7.73** -14.83** 1.69 1.51 -7.10 13.15** 2x9 

27.54** 39.27** 14.65** 39.75** 53.39** 24.92** 3x4 

-2.98 0.10 -6.38 4.15 2.39 6.29 3x5 

-3.10 -9.20** 3.02 -1.55 -6.04 3.60 3x6 

20.70** 17.55** 24.16** 22.52** 19.25** 26.12** 3x7 

-22.64** -27.67** -16.58** -12.64** -16.82** -7.81* 3x8 

16.39** 2.64 24.83** 17.95** 8.36* 29.54** 3x9 

56.42** 41.53** 61.31** 59.92** 52.67** 68.77** 4x5 

5.06 -5.22 17.31** 16.78** 7.65 27.16** 4x6 

24.91** 28.90** 20.52** 35.00** 40.13** 29.43** 4x7 

-20.34** -18.65** -22.37** -2.64 1.50 -7.40 4x8 

11.80** 0.23 27.14** 23.99** 15.89** 33.76** 4x9 

4.64 1.80 8.03 14.00** 7.68* 22.04** 5x6 

3.76 8.90* -1.90 9.83* 9.82* 9.84* 5x7 

-7.44** -7.82** -6.97* 11.15** 8.07* 15.07** 5x8 

15.72** 13.74** 18.34** 25.76** 22.67** 29.93** 5x9 

9.08** 18.79** -2.49 12.47** 24.64** -1.50 6x7 

-12.82** -19.32** -4.98 -2.93 -9.98** 5.53 6x8 

3.07 -1.73 3.79 3.34 0.33 7.12 6x9 

-10.89** -15.26** -5.62 1.94 -1.36 5.77 7x8 

-7.38** -3.37 -11.71** 7.17** 6.04 8.54 7x9 

-6.86** -9.34** -3.87 3.95 -0.72 9.81* 8x9 

* p> 0.05; ** p> 0.01 

 

 

favorable heterosis has been obtained by several researchers for wheat traits 

(Sadeque et al 1991, Krishna and Ahmad, 1992, Khan et al 1995, Munir et al 

1999, Rasul et al 2002, Motawea, 2006, Dawwam et al 2007). 

Combining ability 

Mean squares of both general (GCA) and specific (SCA) combining ability 

estimates were highly significant for all the studied traits (Table 3). Thus, both 

additive and non-additive gene effects were important in controlling the 

inheritance of all the characters studied in both and across the two treatments. 
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The ratio of GCA/SCA being more than unity in all cases indicated that the 

additive gene effects were more important for all of the traits. In general, for all 

studied traits, the magnitude of mean squares due to GCA was much higher than 

that due to SCA. Suggested that selection based on phenotype could be effective 

to improve and develop wheat genotypes. The higher importance of GCA than 

SCA variance for studied traits was also reported by (Larik et al 1995, 

Chowdhry et al 1999, Sangwan et al 1999, Menshawy 2000, Joshi et al 2003, 

Koumber and EL-Beially, 2005, Abdel Nour, 2006, Salem and Abdel Dayem, 

2006). 

 The interactions between each type of combining ability and irrigation 

treatment were significant for No. of grains/ spike, and grain yield /plant. It is 

fairly evident that the ratios for SCA x I/SCA was much higher than the ratios of 

GCA x I/GCA was detected. For No. of spikes / plant, the significant SCAxI 

along with insignificant GCAxI was detected. Such results indicated that non 

additive effects were much more influenced by environmental changes than 

GCA. El Hosary et al. (2009 a, b) found that non additive type of gene action 

was much more influence by the environmental condition than additive genetic 

ones for some drought measurements.  

General Combing Ability (GCA) effects 

Test of homogeneity revealed the validity of the combined analysis for the 

data of the two irrigation treatments. The general combining ability effects iĝ  of 

each parent for all studied measurements at the combined analysis are presented 

in Table (6). Such results are being used to compare the average performance of 

each parent with other genotype and facilitate selection of parents for further 

improvement to drought resistance. High positive values would be interest under 

all measurements. The varieties P1 (Yakora) and P2 (Sakha 93) had the highest 

significant iĝ effects for No. of spikes/ plant. However, these parents gave 

significant undesirable or insignificant iĝ  effects for other traits. The parental 

variety P3 (Misr 2) expressed significant positive iĝ  effects for plant height in 

the combined analysis and grain yield/ plant in drought environment and 

combined analysis. However, it gave significant undesirable or insignificant 

iĝ effects for other measurements. The parental variety P4 (Sids 12) showed 

significant positive iĝ effects for No. of grains/ spike and 1000-grain weight in 

the combined analysis and grain yield/ plant under drought stress condition and 

the combined data. However, it gave significant undesirable or 

insignificant iĝ effects for other measurements. The parental variety P5 

(Gemmiza 11) had significant positive iĝ  effects for 1000-grain weight in the 

combined analysis as well as grain yield/plant under normal irrigation, while it 

expressed insignificant iĝ  effects for the most other traits. The parental line 150 
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(P6) expressed significant desirable iĝ effects for plant height and No. of grains/ 

spike in the combined analysis and grain yield/ plant in drought stress  

 

Table  6. Estimates of general combining ability effects for yield and its 

components at the combined analysis. 
Parent 

 
Days to 

heading 

Plant 

height 

Number of 

spike 

/plant 

Number of 

kernels/spike 

1000 

kernal 

weight 

Grain yield 

D N C 

g1 -0.21 -10.30** 4.69** -7.82** -4.39** -4.76** -2.34** -3.55** 

g2 -0.14 -5.27** 0.68* -4.56** -2.01** -7.20** -6.79** -6.99** 

g3 -0.30 3.36** 0.37 -1.08 -1.89** 3.26** -1.03* 1.12* 

g4 0.19 -0.70 -5.09** 19.63** 2.76** 2.76** -0.28 1.24* 

g5 -0.18 2.55** -1.51** 0.69 2.47** -3.08** 3.15** 0.03 

g6 -0.04 2.49** 0.00 2.30** -0.79 1.12* 0.60 0.86 

g7 0.10 4.33** -0.84* -0.15 1.56** 1.10* 1.32** 1.21* 

g8 0.72** 1.59* 1.71** -6.46** 0.59 5.74** 4.59** 5.16** 

g9 -0.14 1.95* -0.03 -2.55** 1.71** 1.05* 0.78 0.92 

L.S.D gi 0.05 0.40 1.51 0.68 1.64 0.89 0.96 0.96 0.96 

L.S.D gi 0.0 0.53 1.98 0.89 2.15 1.16 1.27 1.26 1.25 

L.S.D gi-gj 0.05 0.60 2.27 1.02 2.46 1.33 1.45 1.44 1.43 

L.S.D gi-gj 0.01 0.79 2.97 1.34 3.23 1.74 1.90 1.89 1.88 

* p> 0.05; ** p> 0.01 

 

environment. Also, it gave either significant negative or insignificant iĝ effects 

for other traits. The parental line 116 (P7) expressed significant desirable 

iĝ effects for plant height, 1000-grain weigh and grain yield/ plant. Also, it gave 

either significant negative or insignificant iĝ  effects for other traits. The parental 

line 145 (P8) expressed significant desirable iĝ effects for days to heading, plant 

height, No. of spikes/ plant and grain yield/ plant. The P8 showed the best 

combiner for grain yield and its attributes. Also, it gave either significant negative or 

insignificant iĝ  effects for other traits. The parental line 124 (P9) exhibited 

significant desirable iĝ effects for plant height, 1000-grain weigh in the combined 

analysis as well as grain yield/ plant at drought stress condition. Also, it gave 

either significant negative or insignificant iĝ  effects for other traits. 

Specific combining ability (SCA) effects 

Specific combining ability effects 
ijS

^  of the F1 crosses for the studied traits 

in the combined analysis are presented in (Table 7). The results showed that best 

SCA effects for plant height was obtained from the crosses P1 × P4 (7.70), P1 × 

P7 (4.96), P2 × P7 (6.03) and P6 × P8 (5.84). P1xP2, P1xP7, P3xP8, P4xP7, P4xP8 

and P7xP8 for days to heading ; P1xP5, P1xP6, P3xP4, P4xP5, P4xP7, P5xP8, 

P5xP9 and 6x7 for No. of spikes/ plant; P1xP3, P1xP4, P2xP5, P2xP7, P3xP5, 

P4xP9 and P6xP8 for No. of kernels/ spike; P1xP4, P1xP8, P2xP3, P2xP7, 

P3xP8, P5xP8, P6xP7 and 6x8 for 1000-grain weight. For grain yield/ plant, 

sixteen, eleven and fourteen crosses exhibited positive and significant ijS
^

 effects 

under drought stress condition, normal irrigation and combined analysis, 

respectively. The six crosses i.e. P1xP7, P3xP7, P3xP9, P4xP5, P4xP7 and 
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P5xP9 witch these crosses showed highly significant positive ijS
^

 effects in both 

and across for grain yield/ plant. 

 

 

 

Table 7. Estimates of specific combining ability effects for yield and its components 'at 

the combined analysis . 
Grain yield 1000 

kernal 

weight 

Number of 

kernels/spike 

Number 

of spike 

/plant 

Plant 

height 

Days to 

heading 

Traits 

C N D 

-0.85 1.76 -3.47* 0.49 5.15 -2.54* -3.94 1.29* P1xP2 

6.65** 2.67 10.62** -1.06 10.50** -0.89 -2.25 -0.56 P1xP3 

1.08 -1.15 3.30* 2.98* 8.45** -4.34** 7.70** 0.29 P1xP4 

7.54** 21.83** -6.74** -4.67** -6.94** 3.32** -1.53 0.32 P1xP5 

8.23** 14.64** 1.81 2.07 -6.22* 2.64* -0.23 0.02 P1xP6 

8.91** 4.05* 13.77** -0.75 2.57 -0.52 4.96* -1.45* P1xP7 

0.22 -3.61* 4.06* 3.59* 2.54 -0.91 1.83 -0.57 P1xP8 

-10.97** -15.21** -6.72** 0.07 -6.87* -2.33* 0.25 -1.04 P1xP9 

0.85 -1.61 3.31* 4.08** -0.59 -1.05 -0.90 -0.45 P2xP3 

1.16 -3.96* 6.28** -0.07 -5.97* 0.24 -2.67 -0.94 P2xP4 

-1.70 -0.39 -3.01 0.49 8.47** -3.34** 2.04 0.93 P2xP5 

3.24* -0.25 6.72** -0.89 -0.31 0.82 0.24 -0.21 P2xP6 

-4.75** -0.70 -8.79** 3.73* 9.82** -5.34** 6.03* -0.68 P2xP7 

1.67 0.97 2.37 -0.17 2.45 -0.40 0.90 -0.97 P2xP8 

-0.66 -2.76 1.45 0.54 -3.46 -0.99 0.88 -1.10 P2xP9 

11.41** 21.41** 1.41 -2.46 -6.12* 3.49** 3.47 -0.28 P3xP4 

-6.48** -7.68** -5.27** 2.10 6.32* -4.02** 0.98 -0.09 P3xP5 

-5.40** -6.93** -3.87* -0.44 2.71 -2.37* 0.68 -0.89 P3xP6 

7.16** 5.58** 8.75** 1.52 5.00 0.81 2.37 0.14 P3xP7 

-9.54** -10.59** -8.50** 3.65* -1.87 -4.08** 1.54 -1.98** P3xP8 

6.74** 4.28** 9.19** -1.07 2.22 1.56 4.15 1.05 P3xP9 

17.16** 14.57** 19.76** 1.45 -0.40 2.43* 0.08 -0.41 P4xP5 

-0.26 -4.89** 4.36** 0.88 2.33 -1.08 2.94 0.12 P4xP6 

7.35** 9.86** 4.84** 0.10 -0.55 3.59** 0.13 -1.35* P4xP7 

-7.80** -3.34* -12.27** -1.80 -18.08** 1.37 -2.83 2.53** P4xP8 

3.66* 1.76 5.56** -1.33 15.68** -0.05 4.11 -0.44 P4xP9 

0.68 -3.38* 4.74** 0.91 0.44 -1.65 3.05 -0.18 P5xP6 

-4.28** -6.30** -2.26 2.48 4.39 -3.15** 2.74 -1.15 P5xP7 

3.87* 2.83 4.91** 3.70* -2.64 2.30* -1.35 1.06 P5xP8 

7.39** 8.24** 6.54** 2.64 0.95 3.04** 2.76 -0.41 P5xP9 

2.37 10.38** -5.64** 3.31* -8.22** 5.00** -6.26* 1.05 P6xP7 

-1.32 -4.82** 2.18 3.95** 8.92** -4.21** 5.84* 0.43 P6xP8 

-1.22 -0.55 -1.90 -1.27 2.35 0.19 2.85 -0.04 P6xP9 

-0.10 -1.94 1.73 1.24 -9.46** 1.12 1.64 1.29* P7xP8 

-1.19 -0.67 -1.71 -0.12 -3.37 0.47 1.25 0.65 P7xP9 

3.46* 3.85* 3.07 2.42 4.44 -1.35 1.88 0.53 P8xP9 

3.06 3.08 3.10 2.84 5.26 2.18 4.83 1.29 LSD5% (sij) 

4.03 4.06 4.07 3.74 6.93 2.88 6.37 1.70 LSD1% (sij) 

4.51 4.55 4.57 4.18 7.75 3.22 7.13 1.90 LSD5% (sij-sik) 

5.95 5.98 6.01 5.51 10.22 4.24 9.39 2.50 LSD1% (sij-sik) 

4.28 4.31 4.34 3.97 7.36 3.05 6.76 1.80 LSD5% (sij-skL) 

5.64 5.67 5.70 5.23 9.70 4.02 8.91 2.37 LSD1% (sij-skL) 

* p> 0.05; ** p> 0.01 

Drought susceptibility index (DSI) 
Mean squares for drought susceptibility index (DSI) for all traits are presented in 

(table 8). Results indicated that mean squares for genotypes,   parents, crosses and parent Vs 

crosses were significant for all traits. 

Mean performance of the parents and their 36 hybrids for (DSI) are presented in (table 

9). The parent Yakora (p1) was high tolerant for stress irrigation , for plant height, the 

parent line 116 (p7) for days to heading and plant height, the parent Sakha 93 (p2) for no. of 

spikes, the parent line 124 (p9) for days to heading and no. of kernels , the parent gemmeiza 

11 (p5) for 1000 kernal weight , the parent sids 12 (p4) for days to heading and grain yield . 

For days to heading the crosses p5×p7, p3×p7, p3×p4, p3×p5, p3×p6, p3×p8, p4×p7, p4×p9, 

p5×p6 and p7×p8 had height tolerance to stress irrigation treatment for this trait. For plant 

height the seven crosses p1×p4, p1×p7, p2×p7, p3×p5, p3×p9, p4×p5 and p5×p6 had height 

tolerance to stress irrigation treatment for this trait. For no. of spikes the cross p2×p6 had 
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heigh tolerance to stress irrigation treatment for this trait.  For no. of kernels the cross p3×p9 

had heigh tolerance to stress irrigation treatment for this trait. For 1000- kernel weight the 

cross p1×p5 had heigh tolerance to stress irrigation treatment for this trait. For grain yield 

the cross p2×p4 had heigh tolerance to stress irrigation treatment for this trait 

Table (8) Mean squares of yield and yield component for susceptibility index (SI)  under normal 

irrigation (N) and drought stress (D). 

S.O.V. d.f. 
Days to heading Plant height Number of spike Number of 

kernals 

1000 kernal 

weight 

Grain yield 

Rep/L 2 0.0191** 0.0001 0.0063 0.0045 0.0012 0.0023 

Genotypes 44 0.0034** 0.0012** 0.0404** 0.0270** 0.0097** 0.0369** 

Parent 8 0.0025** 0.0020** 0.0175** 0.0710** 0.0126** 0.0195** 

Cross 35 0.0030** 0.0008** 0.0441** 0.0162** 0.0085** 0.0404** 

Par.vs.cr. 1 0.0249** 0.0071** 0.0941** 0.0540* 0.0282** 0.0561** 

Error 88 0.0009 0.0002 0.0043 0.0084 0.0034 0.003 

GCA 8 0.0021** 0.0001 0.0054** 0.0104** 0.0061** 0.0201** 

SCA 36 0.0009** 0.0005** 0.0153** 0.0087** 0.0026** 0.0106** 

Error 88 0.0003 0.0001 0.0014 0.0028 0.0011 0.0011 

GCA/SCA  2.4009 0.2852 0.3522 1.1970 2.3576 1.8949 

Table (9) Mean performance of susceptibility index (SI) for yield and its component. 
Genotypes Days to 

heading 

Plant height Number of spike Number of kernels 1000 kernal 

weight 

Grain yield 

yakora             (p1) 1.01 0.99 0.97 0.85 1.16 0.74 

Sakha 93         (p2) 0.99 0.93 0.99 0.50 1.14 0.67 

Misr 2             (p3) 0.97 0.98 0.97 0.93 1.05 0.87 

Sids 12           (p4) 0.97 0.94 1.01 0.99 1.01 0.88 

Gemmeiza 11 (p5) 0.93 0.92 0.92 0.73 1.18 0.68 

L 150              (p6) 0.96 0.98 0.95 0.87 1.02 0.80 

L 116              (P7) 0.93 0.99 0.85 0.87 1.14 0.86 

L 145              (P8) 0.94 0.95 0.97 0.78 1.11 0.80 

L 124              (P9) 0.93 0.97 0.77 1.00 1.03 0.71 

1x2 0.99 0.99 0.93 0.94 1.10 0.67 

1x3 0.95 0.94 0.98 0.83 1.01 0.95 

1x4 0.96 1.00 0.69 0.80 1.04 0.88 

1x5 0.95 0.95 0.68 0.83 1.26 0.46 

1x6 0.95 0.99 0.79 0.72 1.07 0.67 

1x7 0.94 1.00 0.99 0.88 1.06 0.92 

1x8 0.95 0.99 0.90 0.94 1.18 0.90 

1x9 0.92 0.98 0.91 0.94 1.11 0.87 

2x3 0.92 0.99 0.89 0.87 1.04 0.93 

2x4 0.92 0.96 0.95 0.82 1.07 1.00 

2x5 0.91 0.99 0.86 0.90 1.04 0.66 

2x6 0.93 0.98 1.11 0.85 1.03 0.91 

2x7 0.91 1.00 0.79 0.98 1.08 0.66 

2x8 0.90 0.97 0.73 0.96 1.00 0.84 

2x9 0.91 0.98 0.93 0.84 1.07 0.85 

3x4 0.90 0.96 0.58 0.82 1.03 0.72 

3x5 0.90 1.00 0.91 0.96 1.03 0.81 

3x6 0.90 0.96 0.91 0.82 1.03 0.92 

3x7 0.88 0.98 0.96 0.73 1.06 0.92 

3x8 0.90 0.98 0.86 0.99 0.99 0.91 

3x9 0.93 1.00 0.97 1.01 1.03 0.95 

4x5 0.92 1.00 0.94 0.89 1.01 0.87 

4x6 0.92 0.99 0.75 0.84 1.08 0.99 

4x7 0.90 0.94 0.86 0.80 1.07 0.81 

4x8 1.03 0.99 0.65 0.91 1.02 0.75 

4x9 0.90 0.99 0.95 0.95 1.13 0.92 

5x6 0.90 1.00 0.83 0.99 1.08 0.85 

5x7 0.86 0.96 0.94 0.91 1.01 0.77 

5x8 0.96 0.99 0.87 0.98 1.01 0.80 

5x9 0.92 0.98 0.62 0.90 1.05 0.75 

6x7 0.94 0.97 0.71 0.91 1.03 0.65 

6x8 0.97 0.98 0.83 0.86 1.01 0.94 

6x9 0.92 0.97 0.96 0.86 1.01 0.81 

7x8 0.90 0.99 0.96 0.81 1.07 0.89 

7x9 0.91 0.97 0.98 0.91 1.10 0.81 

8x9 0.92 0.97 0.99 0.99 1.03 0.85 

Mean of parents 0.96 0.96 0.93 0.84 1.09 0.78 

Mean of crosses 0.92 0.98 0.87 0.89 1.06 0.83 

Mean of Genotypes 0.93 0.98 0.88 0.88 1.06 0.82 

LSD 5% 0.05 0.02 0.11 0.15 0.09 0.09 
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 ححلٍل قىة الهجٍن والقذرة علً الخآلف لقمح الخبز ححج ظروف الإجهاد والري الطبٍعً 

 ، ٍحَذ قبسٌ خييفٔ ، خبىذ عجذ اى٘احذ ثيٍ٘يعيي عجذ اىَقص٘د اىحصشي ، سيذٌٕ أسعذ سيذٌٕ 

 ٍصش. -  ثْٖبجبٍعخ  -مييخ اىضساعخ  -قسٌ اىَحبصيو 

ىجفبف ٗمزىل دساسخ ق٘ح اىٖجيِ ٗاىقذسح عيي اىزآىف ٍٗعبٍو إٍنبّيخ اىزشثيخ ىزحَو اإىي رٖذف ٕزٓ اىذساسخ 

  Half diallelثْظبً ٕجيِ ّبرجخ ٍْٖب  99ىصفبد اىَحص٘ه ٍٗنّ٘برٔ ىزسعخ آثبء ٍِ اىقَح ثبلأضبفخ إىي اىحسبسيخ ىيجفبف 

 8رجشثخ عجبسح عِ رٌ عَو رجشثزيِ ثَضسعخ اىنييخ مو  حيشفي ٍحطخ رجبسة ثح٘س مييخ صساعخ ٍشزٖش جبٍعخ ثْٖب، ٗرىل  

ٍنشساد ( . في اىزجشثخ الأٗىي رٌ اىشي ٍشح ٗاحذح ثعذ سيخ  9ٕجيِ في قطبعبد مبٍيخ اىعش٘ائيخ )  99أثبء ثبلإضبفخ إىي 

دّٗذ اىجيبّبد عيي خَسخ ّجبربد فشديخ أخزد عش٘ائيب ٍِ  اىضساعخ ثيَْب اىزجشثخ اىضبّيخ رٌ إجشاء ٍعبٍلاد اىشي اىطجيعيخ ،

يخ ٗقذسد ق٘ح اىٖجيِ ىنبفخ اىصفبد اىَذسٗسخ مْسجخ ٍئ٘يخ لإّحشاف قيَخ اىٖجيِ عِ قيَخ ٍز٘سظ الأث٘يِ أٗ مو قطعخ رجشيج

أيضب  ( اىطشيقخ اىضبّيخ اىَ٘ديو الأٗه. 9899قيَخ الأة الأفضو. ٗرٌ رحييو اىجيبّبد ثبسزخذاً طشيقخ اىٖجِ اىزجبدىيخ ) جشفْج 

ٗمبّذ  . (Saulescu et al 1995)بّبد الأسبسيخ ىيزجشثزيِ ثبسزخذاً ٍعبدىخ رٌ رقذيش ٍعبٍو اىحسبسيخ ىيجفبف ٍِ اىجي

ٗصُ  –عذد حج٘ة اىسْجيخ  -عذد سْبثو اىْجبد  -ط٘ه اىْجبد )سٌ(  -اىصفبد اىَذسٗسخ ٕي : ٍيعبد طشد اىسْبثو )يً٘( 

مبُ اىزجبيِ اىشاجع ىيزشاميت اى٘ساصيخ الآثبء  .ٍعبٍو اىحسبسيخ ىيجفبف ىٖزٓ اىصفبد  –ٍحص٘ه اىْجبد )جٌ(  –حجٔ  9999

ٗاىٖجِ ٗاىزفبعو ثيِ الآثبء ٗاىٖجِ ٍعْ٘يب ىنو ٍِ ٍيعبد طشد اىسْبثو ، ط٘ه اىْجبد ، عذد اىسْبثو / اىْجبد ، عذد اىحج٘ة / 

ىلآثبء رحذ ظشٗف حجخ ٍٗحص٘ه اىْجبد اىفشدي فيَب عذا اىزجبيِ اىشاجع ىَيعبد طشد اىسْبثو ثبىْسجخ  9999اىسْجيخ ، ٗصُ 

قيٌ ىصفبد ٍيعبد طشد اىسْبثو ، ط٘ه اىْجبد ، عذد  أعيي  P8,P4,P4,P1,P7,P5اىزحييو اىَشزشك. أظٖشد ملا ٍِ الآثبء

مَب أظٖشد اىٖجِ  حجخ ، عذد اىحج٘ة / اىسْجيخ ٍٗحص٘ه اىْجبد اىفشدي عيي اىز٘اىي . 9999اىسْبثو / اىْجبد ، ٗصُ اىـ

P1×P7 P3×P7,  P1×P3,  P5×P8,  P4×P9,  P4×P5, قيٌ ىصفبد ٍيعبد طشد اىسْبثو ، ط٘ه اىْجبد ، عذد  أعيي

مبُ اىزجبيِ اىشاجع  حجخ ، عذد اىحج٘ة / اىسْجيخ ٍٗحص٘ه اىْجبد اىفشدي عيي اىز٘اىي . 9999اىسْبثو / اىْجبد ، ٗصُ اىـ

جخ ثيِ اىقذسح اىعبٍخ/اىقذسح اىخبصخ أعيي ٍِ ىيقذسح اىعبٍخ ٗاىخبصخ عيي اىزآاىف ٍعْ٘يب ىيصفبد رحذ اىذساسخ . مبّذ اىْس

أظٖشد  ٍحص٘ه اىحج٘ة.َيعبد طشد اىسْبثو ٗقذسح عبٍخ عيي اىزآىف ى P8اىسلاىخ  ظٖشدٗأاى٘حذح ىيصفبد رحذ اىذساسخ. 

 ، اىٖجيِ حجخ 9999ٗٗصُ اىـ ثبىْسجخ ىط٘ه اىْجبد P1×P4ِ ياىٖجَيعبد طشد اىسْبثو ، ثبىْسجيخ ى P6×P8مو ٍِ اىٖجيِ 

P1×P5  ِثبىْسجخ ىعذد اىسْبثو/ اىْجبد ، اىٖجيP1×P3  ِىصفخ عذد اىحج٘ة/اىسْجيخ، اىٖجيP1×P7  ٍحص٘ه ثبىْسجخ ىصفخ

ىصفخ ٍحص٘ه  P4 مبُ أحسِ الأصْبف ثبىْسجخ ىَعبٍو اىحسبسيخ ىيجفبف ٕ٘ قذسح خبصخ عيي اىزآىف ٍعْ٘يخ. اىْجبد اىفشدي

 اىحج٘ة.ثبىْسجخ ىَحص٘ه   P2×P4ىيجفبف ٕ٘ اىٖجيِ أفضو اىٖجِ ىَعبٍو اىحسبسيخ  ُمباىحج٘ة . 
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