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ABSTRACT 
 

In order to determined of 6 bread wheat varieties representing different traits were crossed in a half-diallel in 2013/2014 

season. The 6 parents and its15 F1 crosses were evaluated under normal watering and water stress conditions in 2014/2015 season the 

objective of this investigation was aimed to study the combining ability and mode of gene action for some wheat traits under normal 

and stress conditions.  Mean squares of genotypes were highly significant for all the studied traits. Both GCA and SCA variances 

were found to be highly significant for most traits under investigation at both conditions, indicating the importance of additive and 

non-additive effect in determining the performance of these characters. The ratio of  GCA/SCA at the two conditions were more than 

unity for all studied traits, except heading date and flag leaf area under normal condition, and biomass yield per plant at water stress 

condition. This indicates that these traits are predominantly controlled by additive gene action, and it could be concluded that 

selection based on the accumulation of additive effects would be more effective in the early generations. P5 (Sids 14) at normal, P6 

(Misr 2) under stress and combined data showed the highest biomass yield /plant. Among crosses, cross No. 12 (P3 x P6) under 

normal and combined data and cross No. 14 (P4 x P6) under stress showed the highest biomass yield /plant. P1 (Giza 168) and P2 

(Sakha 93), at both normal and stress conditions were the best combiners for days to heading (earliness). P6 (Misr 2) was the best 

combiners for biomass yield per plant under both conditions. The best cross combinations for heading date (earliness) were crosses 

No. 1 (P1xP2), No. 6 (P2xP3) No. 10 (P3xP4) and No. 15 (P5xP6) at normal condition, crosses No. 5 (P1xP6) and No. 9 (P2XP6) 

under stress condition, and cross No. 2 (P1xP3) under both conditions. Also, the best cross combinations for biomass yield per plant 

were crosses No. 3 (P1xP4), No.8 (P2xP5) and No.15 (P5xP6) at both conditions, No. 10 (P3xP4) at normal watering condition, and 

No. 4 (P1xP5) and No. 14 (P4xP6) at water stress condition. 
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INTRODUCTION 
 

Wheat is one of the most essential nutritional crops 

of grain in Egypt and around the world. Wheat plants 

rarely attain their full genetic potential for yield because 

of the limitation imposed by biotic and abiotic 

environmental stresses. A biotic stress is defined as any 

change in environmental conditions that might reduce or 

adversely affect plant growth or development. This 

abiotic or environmental stress occurs in many forms, 

such as drought, salt, cold or low and high temperatures. 

Among the abiotic environmental stresses, drought 

remains one of the most important factors threatening the 

food security of people throughout the world (Farshedfar 

et .al., 1995). Information on the relative importance of 

GCA and SCA are important in the development of 

efficient wheat breeding programs. It is very important 

that the breeder evaluated the available germplasm and in 

crosses. In this regard, several studies have been reported 

in wheat, Mohamed (2004) reported that mean squares 

due to general and specific combining abilities were 

highly significant for plant height and grain yield/plant at 

normal and drought stress conditions. El-Danasory 

(2005) reported that GCA/SCA ratio was more than unity 

for days to heading at normal and water stress conditions, 

number of kernels/spike and days to maturity at normal 

and water stress conditions, respectively. Salem, Nagwa 

and Abdel-Dayem (2006) showed that the parents Sahel 

1, Gemmeiza-9 and Sakha-61 expressed the highest GCA 

for kernels spike-1, as Sahel 1 and Gemmeiza-9 for 

spikes plant-1 , while Giza 164 was the highest for 100-

kernel weight and grain yield plant-1, also, Sahel 1 had 

good potential for grain yield plant-1. And, they added 

that the highest SCA values, under drought conditions, 

were detected for the cross Sahel 1 x Sakha 94 for kernels 

number spike-1 and 100-kernel weight, Giza 164 x 

Sakha-61 for spikes number plant-1 and kernels number 

spike-1 , and Sahel 1 x Gemmeiza 9 for spikes plant-1 

and grain yield plant-1. Also, Sultan et al. (2006) found 

that GCA and SCA variance were significant for most 

studied characters at both normal and drought 

environments. In addition, Salama (2007) showed that the 

mean squares of GCA and SCA were significant for all 

characters (days to heading, flag leaf area, spikes/plant, 

grains/spike, 1000-grain weight and grain yield/plant) 

under various number of irrigations, and added that, the 

some wheat cultivars, proved to be good general 

combiners, and some of  wheat crosses; could be 

considered promising crosses and the best crosses 

combinations displayed for amount of heterotic effects 

for grain yield/plant.  

Drought is recurring condition of abnormally dry 

weather leading to moisture stress for plants. Severity 

depends on a number of factors including degree of 

moisture deficiency, its duration and spatial spread 

drought tolerance refers to the ability of variety to remain 

relatively  more productive than the others under limited 

condition. Plants usually adapted to drought stress 

through three major mechanisms, namely, escape, 

avoidance and resistance. Although the genetic and 

physiological bases of these mechanisms have not been 

established precisely, they have been indirectly exploited 

by plant breeders in developing drought tolerance 

cultivars. One of the mechanisms that helps drought 

resistance in wheat is early maturity i.e., ability of crop to 

ripe before the period of drought (Poehlman, 1987). 

Many studies on different wheat genotypes under drought 

conditions were conducted by several investigators such 

as, Abdel- Moneam (2008), Abdel- Moneam and Sultan 

(2009), and  Sultan et al ., (2010 & 2011). 

Therefore, the present investigation was designed 

to estimate the combining ability effects and the mode 

of gene action in the inheritance of some traits of wheat, 

under normal watering and water stress conditions. 
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MATERIALS AND METHODS 
 

The genetic materials were used in this 

investigation as parents included 6 bread wheat varieties 

(Triticum aestivum L.), instead of a wide range of 

diversity for several characters. The names and   pedigree 

of these parental varieties are presented in Table 1. 
 

Table 1. Parents names and pedigree of the studied 

wheat varieties. 
No Variety Pedigree 
P1 Giza-168 MRL/BUE/SERI CM93046-8M-0Y-0M-2Y-0B 
P2 Sakha 93 Sakha 92/TR 810328 S.8871-1S-2S-1S-0S 
P3 Shandweel1 SITE//MO/4/NAC/TH.AC//3*PVN/3/MIRLO/BUC. 

P4 
Gemmeiza

12 
OTUS/3/SARA/THB//VEECMSS97YOO227S-
5Y-010M-010Y- 010M-2Y – 1M-0Y- OGM 

P5 
Sids 
14 

SW8488*2/ KUKUNA CGSS01Y00081T-
099M-099Y-099M-099B-9Y-0B-0SD. 

P6 
Misr 

2 
SKAUZ / BAV92  CMSS96M03611S-1M-
010SY-010M-010SY-8M-0Y-0S 

 

In 2013/2014 season, the parental varieties were 

sown at three various dates in order to overcome the 

differences in flowering time. All possible parental 

combinations, excluding reciprocals, were made among 

the six genotypes, giving 15 F1 crosses. 

In 2014/2015 season, the 21 entries (6 parents and 

15 F1 ) were evaluated in 2 separated irrigation regimes 

experiments. The first experiment (normal watering) was 

irrigated four times after planting irrigation i.e. five 

irrigations were given through the whole season. The 

second experiment (water stress) was given one surface-

irrigation 41 days after the sowing date i.e. 2 irrigations 

were given through the whole season. 

Each of the two experiments was fertilized with 

15 kg P2O5/fad, in one dose during soil preparing and 

nitrogen fertilizer at rate of 75kg N/fad was added in 

two doses. The first dose was 30% with sowing and the 

second dose was 70% with the first irrigation after. The 

two experiments were designed in a randomized 

complete block design with three replications in the 

Experimental Farm of Agron. Dept, Fac. of Agric., 

Mansoura Univ., Dakahlia Governorate, Egypt. 

Each replicate consisted of 21 genotypes; each 

genotype was planted in one row as well as two borders, 

rows 4 m long and 25 cm apart with 20 cm between 

plants. Twenty grains were manually drilled in the rows 

on 18 th November 2014, in each year. All the other 

cultural practices, except irrigation, were applied as 

recommended for wheat cultivation. The two outside 

plants from each row and the two external rows of each 

plot were excluded to avoid the border effect. 

Studied characters: 

The studied characters were days to heading(day), 

number of tillers/plant, plant height(cm), total chlorophyll 

content (usinga portable chlorophyll meter (SPAD) 

according to Castelli et al. (1996)., flag leaf area (cm2) 

(length (cm) × maximum width (cm) × 0.75 (Gardner et. 

al. 1985),  and biological yield/plant (g) 

The data obtained for each trait were analyzed on 

plot mean basis in both parents and F
1
 generation.  A 

normal analysis using Griffing (1956) method-2 model-

1 (fixed model) was applied to determine both general 

(GCA) and specific (SCA) combining abilities effects, 

as shown in Table 2.  
 

Table 2. Mean squares from method-2 model-1 and 

expected mean squares for combining 

ability analysis. 
S.O.V df M.S. E.M.S. 
Genotypes    
GCA P-1 Mg 2

e + (P+2)(1/P-1)∑g2
i 

SCA P (P-1)/2 Ms 2
e + 2/P(P-1) ∑i ∑j S

2
ij 

Error (r-1)(c-1) Me 2
e 

Where: Me= Error mean squares of the randomized complete 

block design divided by replicates numbers (Me = Me/r), P= 

parents numbers. 

The relative magnitude of GCA: SCA was expressed 

as follows:  
K2 GCA/ K2 SCA = [(MS GCA – MS e)/(P + 2)]/(MSSCA – MSe),  

where: MS= mean squares, P= No. of parents and  

K
2
= is the average squares of the effects. 

 

RESULTS AND DISCUSSION 
 

1- Analysis of variance:  

The results indicated clearly that mean squares of 

genotypes were highly significant for all the studied 

traits. Under both normal and stress conditions Mean 

squares of GCA and SCA were significant or highly 

significant for all studied traits at both normal and stress 

conditions, except GCA for chlorophyll content under 

stress, flag leaf area under normal condition and SCA 

for chlorophyll content under normal condition. The 

significance of GCA and SCA indicate the presence of 

both additive and non-additive types of genes in the 

genetic system controlling these traits. 

The obtained results in Table (3) revealed that the 

ratio of  GCA/SCA under the two conditions were more 

than unity for all the  studied  traits, except heading date 

and flag leaf area under normal condition, and biomass 

yield per plant at water stress condition . This means 

that these traits are predominantly controlled by additive 

gene action. It therefore could be concluded that 

selection procedures based on the accumulation of 

additive effect would be more effective in the early 

segregating generation. These results are in general 

agreement with those reported by Mohamed, (2004); 

Abdel- Moneam (2008), Sultan et al . (2010 & 2011), 

Anwar, et al.(2011); Khodadadi, et al. (2012); El-Seidy, 

et al. (2013); Desale and Mehta (2013); Adel and Ali 

(2013); Naziret al. (2014) and Shahid, et al.(2015). 
 

Table 3. Mean squares of wheat genotypes, general 

(GCA) and specific (SCA) combining 

abilities, and GCA/SCA ratio for all 

studied traits under normal watering and 

water stress conditions. 

S.V D.F 

Heading date 

(day) 

Tillers number 

plant-1 

Plant height 

 (cm) 

Normal Stress Normal Stress Normal Stress 

Genotypes 20 77.74** 66.68** 6.75** 4.00** 80.13** 103.32** 

GCA 5 12.09** 32.53** 3.67** 2.02** 56.59** 95.69** 

SCA 15 30.52** 18.79** 1.78** 1.11* 16.75** 14.03** 
Error 40 0.042 0.24 0.69 0.45 3.34 3.52 

GCA/SCA  0.40 1.75 3.29 2.98 4.19 9.06 

 

S.V 
 

D.F 

Total chlorophyll 

content 
Flag leaf area  

(cm2) 

Biomass yield 

 plant-1 (g) 

Normal Stress Normal Stress Normal Stress 

Genotypes 20 11.18* 9.18* 99.95** 85.19** 3321.82** 1391.42** 

GCA 5 8.66* 2.98 14.98 29.24* 1113.32** 322.69** 
SCA 15 2.08 3.09* 39.43** 28.11* 1105.26** 510.85** 

Error 40 1.98 1.49 7k2.83 11.55 124.08 62.27 

GCA/SCA - 84.13 1.75 0.44 1.68 1.12 0.70 
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2-Mean performance of wheat genotypes: 

The water stress treatment decreased the mean of 

days to heading for parents and their hybrids (Table 4). 

The parents P5 under normal, P1 (Giza 168) and P2 

(Sakha 93) under stress and P4
 
(Gemmiza 12) under 

combined data, and crosses; No.7 (P2xP4) under normal 

and cross No. 1 (P1xP2) under stress were the earliest 

parents and crosses for days to heading. 

The water stress decreased the means of tillers No. 

plant
-1

 for parents and its crosses (Table 4). The parental 

P5 (Sids 14) and P6 (Misr 2), and crosses No. 4 (P1 x P5) 

and 11 (P3 x P5) under both conditions and their 

combined data were the best genotypes for tillers number 

per plant, were they recorded the highest values of tillers 

per plant under both conditions and combined data. 

Table 4. Means of heading date (day) , tillers no/p and Plant height (cm) for wheat genotypes under normal 

and stress irrigation conditions and their combined data.   

Genotypes 
Heading date (day) Tellers No./P Plant height (cm) 

Normal Stress Comb. Normal Stress Comb. Normal Stress Comb. 
P1-Giza 168 66.88 66.88 66.88 66.88 7.87 7.887 667.1 666.6 665.8 
P2-Sakha 93 66.88 66.88 66.88 7.887 7.87 6.887 661.1 78.88 665.6 
P3-Shandweel 1 67.11 66.66 66.88 66.88 6.87 66.68 661.1 666.1 666.6 
P4-Gemmiza 12 61.88 66.11 66.56 66.66 7.87 66.11 665.6 666.6 661.6 
P5-Sids 14 61.11 61.66 61.68 66.11 66.66 66.88 667.6 661.6 668.6 
P6-Misr 2 67.11 61.66 65.68 65.11 66.66 61.68 666.6 666.6 666.5 
1. P1XP2 66.88 66.66 61.11 66.88 66.88 66.88 665.6 76.11 76.88 
2. P1XP3 67.11 66.66 66.68 66.88 66.11 66.56 661.1 666.6 666.8 
3. P1XP4 67.66 66.66 65.56 61.88 7.87 66.88 661.1 661.1 666.1 
4. P1XP5 71.66 68.66 67.56 65.66 66.66 61.56 667.6 666.8 666.6 
5. P1XP6 75.88 66.66 67.61 61.88 66.11 66.66 661.6 661.1 666.6 
6. P2XP3 66.11 66.66 68.68 66.66 7.87 66.61 665.8 667.1 666.5 
7. P2XP4 66.66 66.66 68.66 61.11 7.87 66.56 666.8 666.6 668.1 
8. P2XP5 75.88 66.66 76.61 66.88 7.87 66.68 666.8 666.8 668.8 
9. P2XP6 71.66 66.66 66.56 66.66 66.11 66.68 667.1 667.8 666.5 
10. P3XP4 61.11 66.66 65.88 61.88 7.87 66.88 667.1 667.1 666.1 
11. P3XP5 75.88 67.66 76.11 65.88 66.88 61.88 666.6 666.8 667.1 
12. P3XP6 76.66 76.66 78.66 66.66 7.87 66.61 666.1 666.8 665.5 
13. P4XP5 78.66 67.66 76.56 66.11 66.11 66.61 666.1 667.8 666.6 
14. P4XP6 75.88 71.66 76.11 61.88 6.87 66.68 666.6 666.6 665.6 
15. P5XP6 66.88 76.66 76.11 66.66 66.11 66.68 667.8 666.8 665.8 
Means 67.16 65.55 87.47 66.76 7.77 11.48 115.7 107.5 111.5 
LSD 1% 2.11 1.77 3.00 2.52 4.71 3.97 
LSD 5% 1.71 1.44 2.44 2.05 3.83 3.22 
 

The water stress treatment decreased the means of 

plant height for parents and their hybrids (Table 4). It is 

clear from the results that genotypes under stress were 

shorter than those at normal irrigation condition with 

highly significant. The reducing in plant height of stressed 

plants may be due to the reduction in internodes length 

and/or due to the reduction in water absorption, nutrients 

uptake and photosynthesis process under drought stress 

conditions Mahgoub (1996). These results are in 

agreement with those obtained by Mohamed (2004) and 

Farhat  (2005)  who indicated that, moisture stress 

throughout vegetative growth and heading stages 

decreased plant height significantly. The results indicated 

highly significant different between genotypes. Among 

parents, the tallest parents were P5 (Sids 14) and P6 (Misr 

2) under both conditions, while the shortest were P4 

(Gemmiza 12) under normal and combined, and P2
 

(Sakha 93) under stress condition. Among crosses, the 

tallest were cross No. 5 (P1XP6) under normal and 

combined, and cross No. 11 (P3XP5) underneath stress 

condition. While,the shortest was cross No. 1 (P1XP2) 

under both conditions and their combined data. The results 

revealed that P5 (Sids 14) and P6 (Misr 2) possessed 

genes controlling tallness, while Sakha 93 and Gemmiza 

12 carry genes for shortness. 

Results presented in Table (5) indicate clearly 

that total chlorophyll content is highly significantly 

affected by irrigation treatment. The total chlorophyll 

content means were decreased significantly as affected 

by water stress .The results indicated highly significant 

different between genotypes. Among parents, P3 

(Shandweel 1) under both conditions and combined 

data, and crosses No 4 (P1XP5) under both conditions 

and combined data and No. 10 (P3XP4) under moisture 

stress were the best parents and crosses for this 

character. On the other side, P6 (Misr 2) under normal 

watering and combined data, P4 (Gemmiza 12) under 

stress condition, and cross No. 15 (P5XP6) under both 

conditions and their combined were the lowest parents 

and crosses for total chlorophyll content. Similar 

conclusion was reported by El-Danasory (2005), Farhat 

(2005), Abdel- Moneam (2008), Abdel- Moneam and 

Sultan (2009), and  Sultan et al ., (2010 & 2011) in their 

wheat genotypes. 

The means of flag leaf area were decrease 

significantly by moisture stress (Table 5). For parents, 

P1 (Giza 168) and cross No.11 (P3x P5) under both 

conditions in addition to their combined were the 

highest parents and crosses for flag leaf area. On the 

other hand, the parent P2 (Sakha 93) under normal and 

combined; P4 (Gemmiza 12) under stress and cross No. 

15 (P5xP6) under both conditions and their combined 

were the lowly parents and crosses for flag leaf area. 

Results presented in Table (5) showed that, water 

stress condition decreased the means of biomass 

yield/plant for the parents and its hybrids. With regard 

to parents, the highest biomass yield/plant belonged P5 

(Sids 14) under normal, P6
 
(Misr 2) under stress and 

combined while, P4 (Gemmiza 12), under both 

conditions and its   combined data produced the lowest 
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biomass yield /plant. These results showed the different 

of genetic background of these parents. Among crosses, 

cross No. 12 (P3xP6) under normal and combined data, 

and cross No. 14 (P4xP6) under stress showed the 

highest biomass yield /plant. However, the lowest 

biomass yield plant
-1

 belong to cross No. 1 (P1xP2) at 

both conditions and their; combined data. 

 

Table 5. Means of chlorophyll content, flag leaf area (cm
2
) and Biomass yield/plant (g) for wheat genotypes 

under normal and stress irrigation conditions and  their combined.   

Genotypes 
Total chlorophyll content Flag leaf area (cm2) Biomass yield plant-1 (g) 

Normal Stress Comb. Normal Stress Comb. Normal Stress Comb. 
P1-Giza 168 68.67 66.17 65.67 87.76 86.66 85.67 666.7 676.6 678.6 
P2-Sakha 93 61.17 66.16 66.11 56.66 51.66 55.76 666.6 681.1 666.6 
P3-Shandweel 1 68.66 65.66 65.66 81.68 57.66 86.16 616.5 676.6 666.8 
P4-Gemmiza 12 66.16 66.66 66.15 86.17 56.11 58.68 676.6 656.6 676.6 
P5-Sids 14 65.11 66.61 61.66 86.75 57.11 57.56 616.6 657.6 676.6 
P6-Misr 2 66.51 66.67 66.76 86.65 58.68 57.66 617.6 677.1 667.6 
1. P1XP2 67.61 66.71 66.51 87.76 57.56 81.76 676.8 686.1 661.5 
2. P1XP3 68.56 67.76 61.66 76.66 86.76 85.77 688.6 667.7 617.7 
3. P1XP4 65.17 66.66 61.76 76.66 86.66 88.86 678.6 666.6 666.6 
4. P1XP5 67.67 66.76 65.76 76.76 87.88 76.66 651.6 666.6 611.7 
5. P1XP6 61.77 66.67 66.66 76.75 85.61 87.77 681.8 666.1 611.6 
6. P2XP3 61.61 66.67 66.56 76.76 87.76 76.65 617.6 666.6 667.5 
7. P2XP4 65.86 66.71 61.87 86.65 86.66 85.66 617.1 667.6 661.6 
8. P2XP5 66.66 66.61 61.66 75.86 88.66 76.66 671.1 666.1 667.6 
9.     P2XP6 66.61 66.56 66.67 87.67 57.66 81.67 665.6 667.1 666.1 
10. P3XP4 66.66 66.76 65.15 76.86 87.16 87.68 687.6 666.6 615.5 
11. P3XP5 65.66 66.67 61.51 77.61 76.66 75.77 661.6 677.8 666.6 
12. P3XP6 61.51 67.61 66.86 76.77 81.66 86.65 165.6 667.1 687.6 
13. P4XP5 61.76 66.67 66.86 71.65 86.68 87.76 666.7 675.6 666.7 
14. P4XP6 61.76 66.66 61.65 78.65 57.76 86.61 676.7 666.6 666.6 
15. P5XP6 66.71 68.76 66.66 88.77 58.86 86.87 666.5 666.1 656.7 
Means 66.66 66.56 23.18 87.55 86.86 65.58 244.3 194.1 219.2 
LSD 1% 3.98 3.34 6.11 5.14 10.75 9.04 
LSD 5% 3.23 2.71 4.96 4.17 8.73 7.34 
 

General combining ability (GCA) effects: 

Estimates of general combining ability effects of all 

the parental varieties for all traits under study at normal 

watering and moisture stress conditions are shown in 

Tables (6 and 7).  
 

Table 6. General combining ability effects of the  six 

parental wheat varieties for heading date (day), 

tillers No./ plant and plant height (cm)traits 

under normal and water stress conditions. 

Prarents 

Heading date 

(day) 

Tillers No. / 

plant 

Plant height 

(cm) 

Normal Stress Normal Stress Normal Stress 

P1 (Giza 168) -1.08** -2.75** 0.014 -0.18 -2.69** -2.60** 

P2 (Sakha 93) -0.83** -0.94** -1.11 -0.56** -1.74** -4.39** 
P3 (Shandweel 1) 0.21 -0.11 -0.19 -0.18 0.43 1.77** 
P4 (Gemmeiza 12) -1.04** 0.22 -0.028 -0.18 -2.28** -2.01** 

P5 (Sids 14) 0.75** 1.89** 0.93** 0.90** 3.22** 4.11** 

P6 (Misr 2) 2.00** 2.51** 0.39 0.19 3.06** 3.11** 

LSD 5% Gi 0.14 0.32 0.55 0.44 1.19 1.23 

LSD 1%  Gi 0.15 0.33 0.56 0.46 1.23 1.27 

LSD 5% Gi-GJ 0.90 1.40 1.83 1.67 2.73 2.77 

LSD 1% Gi-GJ 0.93 1.45 1.89 1.72 2.82 2.87 
 

Significant negative GCA values would be the best 

combiners for heading date (earliness). Based  on general 

combining ability estimates, it could be concluded that the 

best general  combiners for days to heading (earliness) 

were P1 (Giza 168) and P2 (Sakha 93) at both normal and 

stress conditions, and P4 (Gemmeiza 12) at normal 

condition, where they recorded highly significant and 

negative GCA effects for this trait, as shown in Table (6). 

Significant positive GCA values would be the best 

combiners for tillers No./plant. The best  general 

combiners for increasing tillers No. plant
-1

 was P5 (Sids 

14), where it exhibited positive and significant GCA 

effects for this character at both normal and water stress 

conditions, as shown in Table (6). 

Table 7. General combining ability effects of the six 

parental wheat varieties for chlorophyll 

content, flag leaf area (cm
2
) and biomass 

yield per plant (g) traits under normal 

and water stress conditions. 
 
Prarents 

Chlorophyll 
content 

FLA 
(cm2) 

Biomass 
yield/plant (g) 

Normal Stress Normal Stress Normal Stress 

P1 (Giza 168) 1.31** 0.74 1.09 1.36 -1.85 -0.56 
P2 (Sakha 93) -0.44 0.028 -2.07** -1. 44 -17.85** -8.22** 
P3 (Shandweel 1) 0.68 0.61 0.94 2.44** 9.24** 2.19 
P4(Gemmeiza 12) 0.18 -0.056 -0.27 -1.78 -6.76 -4.85 
P5 (Sids 14) 0.014 -0.47 1.36 1.30 1.74 1.24 
P6 (Misr 2) -1.74** -0.85** -1.05 -1.88 15.49** 10.19** 
LSD 5% Gi 0.91 0.79 1.82 2.22 7.27 5.15 
LSD 1%  Gi 0.94 0.81 1.88 2.30 7.52 5.33 
LSD 5% Gi-GJ 2.39 2.23 3.38 3.72 6.74 5.68 
LSD 1% Gi-GJ 2.47 2.31 3.50 3.85 6.98 5.87 
 

Significant negative GCA values would be the best 

general combiners for plant height (shortness). Based on 

general combining ability estimates, it could be concluded 

that the best general combiners for plant height were P1 

(Giza 168), P2 (Sakha 93) and P4 (Gemmeiza 12) at both 

conditions, where they exhibited highly significant and 

negative GCA effects for this trait (Table 6). 

It could be concluded general that the best 

combiner for increasing total chlorophyll content was P1 

(Giza 168) under normal condition, where it recorded 

highly significant and positive GCA effects for 

chlorophyll content.  

P3 (Shandweel 1) showed positive and significant 

GCA effects for flag leaf area under stress condition, 

therefore it could be considered as the best general  

combiners for increasing flag leaf area. 
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Significant positive GCA values would be the best 

combiners for biomass yield per plant. The best general 

combiner for biomass yield plant
-1

 was P6 (Misr 2), as it 

exhibited positive and significant GCA effects for this 

character at both conditions. 

4- Specific combining ability (SCA): 

The estimates of SCA effects of F1 hybrids were 

determined for all the studied characters at normal and 

moisture stress conditions are illustrated in Tables (8 and 9) 

Significant negative SCA values would be the 

best cross combinations for heading date, and would be 

useful from the breeder point of view. It could be 

concluded that the best cross combinations for heading 

date (earliness) were (P1Xp2), (P2XP3), (P3Xp4) and 

(P5XP6) at normal condition, ( P1XP6) and  ( P2XP6) 

under stress condition, and (P1xP3) under both 

conditions, where they showed highly significant and 

negative SCA effects, (Table 8). 
 

Table 8. Estimates of specific combining ability 

(SCA) effects for F1 crosses for heading 

date (day), tillers No./ plant  and plant 

height (cm) traits under normal irrigation  

and water stress conditions. 

Crosses 
Heading date Tillers no/p Plant height (cm) 

Normal Stress Normal Stress Normal Stress 

1-P1xp2 -2.80** 0.96** 0.78 1.44** -6.27** -8.17** 

2-P1xP3 -1.17** -1.88** -0.14 0.73 -0.10 -2.67 

3-P1xP4 -0.26 0.79 0.70 0.06 2.61 0.45 

4-P1xP5 3.95** 1.13** 1.07 1.31** 2.77 1.66 

5-P1xP6 5.37** -1.50** 0.28 0.35 6.94** 5.33** 

6-P2xP3 -0.42** 0.50 0.32 0.44 1.27 4.45** 

7-P2xP4 0.49** 0.17 1.49 0.44 -1.02 0.91 

8-P2xP5 6.37** 2.50** -0.14 -0.65 3.48** 5.45** 

9-P2xP6 2.45** -2.13** -0.26 0.73 0.32 1.45 

10-P3xP4 -5.21** 2.33** 0.91 0.06 5.48** 2.08 

11-P3xP5 5.33** -0.33 1.95** 0.98 0.65 1.29 

12-P3xP6 6.41** 6.04** -1.18 -0.32 -0.85 0.29 

13-P4xP5 6.91** 1.33** 0.45 0.64 1.69 0.08 

14-P4xP6 5.33** 4.71** 0.32 -1.32** 3.52** 1.41 

15-P5xP6 -7.46** 8.04** -2.30** -0.73 -2.31 -3.05 

LSD 5%  (SIJ) 0.36 0.87 1.47 1.21 3.27 3.35 

LSD 1% (SIJ) 0.38 0.90 1.53 1.25 3.39 3.47 

5% (SIJ-SIK) 1.48 2.29 2.98 2.70 4.44 4.50 

1% (SIJ – SIK) 1.54 2.36 3.09 2.79 4.60 4.65 

5% (SIJ- SKI) 1.43 2.19 2.87 2.59 4.28 4.33 

1% (SIJ – SKI) 1.48 2.27 2.97 2.68 4.42 4.48 
 

Significant positive SCA values would be the 

best crosses for  ./plant and  would be useful from the 

breeder point of view. The best cross combinations for 

tillers No./plant were P3XP5 at normal condition and 

P1XP2 and P1xP5 at stress condition, where they 

showed significant or highly significant positive SCA 

effects for this trait, (Table 8). 

Significant negative SCA values would be the 

best crosses for plant height (shortness) and would be 

useful from the breeder point of view. The best cross for 

plant height was (P1Xp2) at both normal and stress 

condition, where it recorded highly significant and 

negative SCA effects for this trait, (Table 8). 

Significant positive SCA values would be the best 

crosses for total chlorophyll content and would be useful 

from the breeder point of view. The best cross 

combinations for chlorophyll content was (P1XP5) at 

normal condition, where it recorded highly significant and 

positive SCA effects for this trait. On the other hand, there 

were not any crosses showed significant and positive SCA 

effects at stress condition, as shown in Table (9).  
 

Table 9. Estimates of specific combining ability 

(SCA) effects for F1 crosses for chlorophyll 

content, flag leaf area (cm
2
) and biomass 

yield per plant (g) traits under normal and 

water stress conditions. 

Crosses 
Chlorophyll 

content 
FLA 
(cm)2 

Biomass yield 
per plant (g) 

Normal Stress Normal Stress Normal Stress 

1-P1xp2 1.25 -0.30 1.32 -4.03 -25.99** -17.10** 
2-P1xP3 -0.54 -3.22** -1.58 -3.44 14.26 14.15 
3-P1xP4 -1.04 -0.22 0.03 1.65 40.26** 23.20** 
4-P1xP5 3.13** 0.86 6.73** 5.40 9.10 19.45** 
5-P1xP6 -0.46 -0.43 1.17 4.14 5.68 -1.51 
6-P2xP3 -1.13 -1.18 4.58 5.32 3.26 11.82 
7-P2xP4 1.04 0.16 1.25 3.68 19.60 5.86 
8-P2xP5 -0.13 0.90 6.79** 4.94 45.10** 35.11** 
9-P2xP6 -0.38 0.95 0.76 0.74 -26.65** -6.85 
10-P3xP4 2.25 0.24 1.38 5.06 22.51** 10.45 
11-P3xP5 -0.58 0.66 7.99** 6.79** -32.32** 0.03 
12-P3xP6 -0.17 -1.64 3.56 0.93 -56.60** 2.74 
13-P4xP5 -1.08 0.32 2.63 1.04 -24.65** 4.40 
14-P4xP6 0.67 1.70 7.94** 1.99 19.93 24.45** 
15-P5xP6 -2.17 -3.55** -3.06 -4.43 21.10** 15.70** 
LSD 5%  (SIJ) 2.53 2.18 5.01 6.08 19.94 14.12 
LSD 1% (SIJ) 2.61 2.26 5.18 6.29 20.63 14.61 
5% (SIJ-SIK) 3.90 3.63 5.49 6.06 10.97 9.23 
1% (SIJ – SIK) 4.03 3.76 5.69 6.27 11.35 9.55 
5% (SIJ- SKI) 3.75 3.50 5.29 5.83 10.55 8.88 
1% (SIJ – SKI) 3.88 3.62 5.47 6.03 10.92 9.19 
 

Significant positive SCA values would be the best 

crosses for flag leaf area would be useful from the breeder 

point of view. The best crosses for flag leaf area were three 

crosses namely; (P1XP5), (P2XP5) and (P4XP6) at normal 

condition, and only one cross namely; (P3XP5) at both 

normal conditions, as they exhibited highly significant and 

positive SCA effects for this trait. 

The best cross combinations for biomass yield 

per plant were crosses No. 3 (P1xP4), No. 8 (P2XP5) 

and No. 15 (P5XP6) at both conditions, No. 10 (P3Xp4) 

at normal watering condition, and No.4 (P1XP5) and 

No. 14 (P4XP6) at water stress, as they recorded highly 

significant and positive SCA effects for this character. 
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 تحت ظروف الرى والجفافمح الخبز ق هجهلبعض علي التآلف  العامت والخاصت القذرة
 دهينه إيمان سعذو   محمود سليمان سلطان , مؤمون أحمذ عبذالمنعم 

 جامعت المنصورة. -كليت الزراعت -قسم المحاصيل
 

نحافظح الذقهليح خلال -سج جانعح الهًصى -كليح الضساعح  -أجشيد هزٌ الذساسح في الهضسعح الثحصيح لقسم الهحاصيل الراتعح تهحطح الرجاسب والثحىز الضساعح 

و قذ اسرخذند  سرح أصًاف نى قهح الخثزض نخرلةزح فزي صزةاذها الىساشيزح ك تزاي. أجشيزد كزل الرهجيًزاخ الهه ًزح تزيى  6666/6665و  6661/6666الهىسهيى الشرىييى 

فزي ذجزشتريى تًظزال القطاعزاخ ال انلزح  هجيًزا 65صساعزح السزرح اتزاي و  فيها عذا الهجى الع سيح في الهىسم الأول ،  وفي الهىسم  الصايً ذم هجيًا  65الآتاي للحصىل علي

سياخ تالهىسم( وظشوف الجةاف )نًع الشي تعذ سيح الهحاياٌ( ، ورلك لذساسح القزذسج علزً الرز لا والةعزل الجيًزً وكةزايج الرىسيزس  5العشىائيح ذحد الظشوف الطثيعيح )

للرشاكيزة الىساشيزح عاليزح  ح نرىسزطاخ نشتعزاخ الرثزايى الشاجعز أظهزشخ الًرزائ: أو  -6فيها يلي نلخص لأهم الًرزائ: لهزٌ الهجى ذحد ظشوف الشي العادي والجةاف ،  و

ل ذسج الخاصح علً الرألا عاليح الهعًىيح ل ل الصةاخ الهذسوسح ذحد كقالهعًىيح ل ل الصةاخ الهذسوسح , وكايد نرىسطاخ نشتعاخ القذسج العانح علً الرألا وكزلك ال

يى ذثزايى القزذسج ظشوف الشي العاديح وذحد ظشوف الجةاف ,وهزا يشيش إلً أههيح كل نى الةعل الجيًً الهضيا والسيادي في وساشزح هززٌ الصزةاخ وكايزد الًسزثح تز نى 

لسًاتل ونساحح وسقح العلم ذحد الظشوف ظشوف الشي والجةاف نا عذا نيعاد وطشد ا كل نى  ذحد حالعانح والخاصح علً الرألا أكثش نى الىحذج ل ل الصةاخ الهذسوس

ها أساسا الةعزل الجيًزً الهضزيا ,كززلك إجزشاي الإيرخزاب روالهحصىل الثيىلىجً للًثاخ ذحد ظشوف الإجهاد الهائً ,وهزا تعًً أو هزٌ الصةاخ يرح م في وساش الطثيعيح

الطثيعزً والصزًا نصزش ذحزد ظزشوف  ذحد ظشوف الشي 66سجل الصًا سذط إلً أو  أشاسخ الًرائ:  -6سي ىو أكصش فعاليح . والزي  الهث شجفي الأجيال الإيعضاليح

ذحزد ظزشوف الجةزاف أعلزً نحصزىل تيىلزىجً  66ذحد الظزشوف العاديزح والهجزيى سقزم 66أعلً نحصىل تيىلىجً للًثاخ ونى تيى الهجى سقم والزي أعطً  الجةاف 

 أكصزش  كزاو 6وف الزشي والجةزاف أفضزل قزذسج عانزح علزً الرزألا لصزةاخ الرث يزش والصزًا نصزشظزش ل نزى ذحد ك 71والصًا سخا  686للًثاخ .أظهش الصًا جيضج 

أفضل الهجى قذسج خاصزح علزً الرزألا فزي صزةاخ أوضحد الًرائ: أو  -1ظشوف الشي والجةاف . ل نى الأصًاف قذسج عانح لصةح الهحصىل الثيىلىجً للًثاخ ذحد ك

 ظشوف الزشي والجةزاف كززلك  ل نى ذحد ك 6ذحد ظشوف الجةاف , والهجيى سقم  7, 5أسقال  يًاو ظشوف الشي , والهجذحد  65, 66, 8,6الهجى أسقال  هً الرث يش 

ذحد ظشوف الشي  66ظشوف الشي والجةاف سقم  ل نى ذحد ك 65,  6,  1أسقال هً الهحصىل الثيىلىجً للًثاخ أفضل الهجى قذسج خاصح علً الرالا لصةاخ كايد 

 ف الجةاف .ذحد ظشو 6,66وسقم 


