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ABSTRACT 
  In an attempt to develop drought tolerant genotypes of bread wheat, two 

procedures, i.e. mutation breeding and hybridization were used to induce new 
genetic variation. Four field and two laboratory experiments were conducted 
during the seasons 2008/2009 through 2011/2012. A preliminary experiment 
proved that the dose of 350 Gy gamma rays was the best for induction of 
useful mutations in seven wheat irradiated (I) genotypes. The M2 populations 
of these genotypes exhibited differences in the magnitude of ranges, 
phenotypic (PCV) and genotypic (GCV) coefficient of variation and 
heritability for studied traits under water stress and non-stress conditions. The 
highest expected gain from selection (GA) for grain yield/plant (GYPP) was 
shown by Sids-4 (I) and Sakha-61 (I) under well watering (WW) and Aseel-5 
(I) and Sids-4 (I) under water stress (WS) conditions. Analyses of F1 and F2 
diallel crosses among six of these genotypes proved the predominance of non-
additive variance in the F1

’s and additive variance in the F2
’s under both WW 

and WS for most studied traits. The predicted GA from selection in the F2
’s 

reached a maximum of (23.4 %) for GYPP under WW and 14.3 % for spike 
length (SL) under WS. Selection for high GYPP and other desirable traits was 
practiced in the M2 and F2 populations under WW and WS. Progenies of these 
selections (53 M3 and 109 F3 families) and their seven parents were evaluated 
under WW and WS. Selection under WS was more efficient than that under 
WW for the use under WS. Twelve families (7 M3

’s and 5 F2
’s) significantly 

outyielded their parents by at least 15 % under WS considered as drought 
tolerant genotypes were characterized for agronomic traits and on the DNA 
level. The SSR analysis proved that these 12 families are genetically different 
from their parents, with an average of 86.67 % polymorphism. SSR assay 
permitted the identification of seven unique markers (5 positive and 2 
negative) for three drought tolerant wheat genotypes (SF3, SF4 and Aseel-5).  
Key words: Mutations – Transgressive segregants – Wheat – Drought 

tolerance –SSR analysis -  Gamma radiation – Gene action – 
Selection gain- Unique markers         
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INTRODUCTION 

Wheat is one of the most important cereal crops of the world 

and provides over 20 % of calories and protein for human nutrition for 

over 35% of the world's population in more than 40 countries including 

Egypt. Across the last five years, the average annual consumption of 

wheat grains is about 14 million tons, while the average annual local 

production is about 8 million tons with an average grain yield of 

18.0 ardab / feddan (6.43 t/ha) (Agricultural statistics, Arab republic 

of Egypt, 2012). Therefore, the gap between annual local production 

and consumption is about 6 million tons. 

This gap could be narrowed by increasing local production of 

wheat via two ways. The first way is through vertical expansion, i.e. 

increasing wheat production per unit area through the development of 

new cultivars of high yielding ability, early maturity, resistance to 

biotic and abiotic stresses, and the adoption of recommended cultural 

practices for growing these cultivars. The second way is through the 

horizontal expansion, i.e., by increasing the area cultivated with wheat. 

But the limiting factor for this approach in Egypt is the availability of 

irrigation water. Potential expansion of wheat area is only possible in 

the North coast and Egyptian deserts. But the soil in these areas is 

sandy with low water holding capacity and thus exposes wheat plants 

to drought stress. Such drought stress causes great losses in wheat 

yield and its components (Bruckner and Frohberg, 1987, Clarke et al., 

1992 and Mirbahar et al., 2009). Using drought tolerant wheat 



 ٢

cultivars that consume less water, and can tolerate soil water deficit 

could solve this problem. 

To start a proper wheat breeding program for improving drought 

tolerance, the source populations should possess sufficient genetic 

variability amenable for selection.  

Induction of mutations could be achieved via physical or 

chemical mutagens (Jain, 2010). The most important physical 

mutagens include X-rays, gamma-rays and fast neutrons. Gamma-ray 

are effective in broadening genetic variability and increasing means of 

wheat cultivars for grain yield and its components, helping plant 

breeders to practice an efficient selection in the M2 and next mutated 

generations (Khanna et al., 1986; Sobieh, 2002; and Al-Naggar et al., 

2004 and 2007a). In a little less than a century, mutation breeding programs 

resulted in developing more than 3200 crop varieties that are being grown all 

over the world; of which 254 mutant wheat varieties were developed by 

physical mutagens (FAO/IAEA, 2012). 

 The mutants developed in wheat have a great potential for 

direct release and for inclusion in hybridization breeding programs 

(Sakin et al., 2005). Numerous wheat cultivars that were developed 

through induced mutation have been released which possess tolerance 

to many biotic and abiotic stresses and other improved traits. Mutants 

induced via gamma rays have been obtained in bread wheat for 

resistance to drought leading to the release of 26 varieties worldwide 

(FAO/IAEA, 2012). 

Moreover, hybridization is the principal breeding procedure for 

inducing genetic variability in wheat. The chief role of hybridization is to 



 ٣

cross diverse genotypes to create hybrid populations with wide genetic 

variation from which new recombinations of genes may be selected (Singh, 

2000). Transgressive segregation is a phenomenon specific to segregating 

hybrid generations and refers to the individuals that exceed parental 

phenotypic values for one or more characters (Rieseberg et al., 1999). 

Observations on transgressive segregants were previously explained by 

many researchers (Voigt and Tischler, 1994 and Al-Bakry et al., 2008). 

Drought or water stress can be defined as the absence of rainfall 

or irrigation for a period of time sufficient to deplete soil moisture and 

injure plants (Blum, 1983). Blum (1983) also defined drought tolerance 

as the ability of a variety to remain relatively more productive than 

others under limited water conditions. He added that the ideal genotype 

for moisture stress conditions must combine a reasonably high yield 

potential with specific plant characters, which could buffer yield 

against severe moisture stress. Unfortunately, with present distribution 

of improved high yielding, pure line cultivars in all of the world’s 

wheat growing areas, selection from established cultivars would rarely 

isolate a new genotype (Poehlman and Sleper, 1995).  

Selection from segregating generations of wheat hybrid 

combinations succeeded to develop new genotypes that possess 

adaptive traits of drought tolerance, such as early maturity (Menshawy 

2007 a and b and Al-Naggar, et al. 2012), glaucosness (Al-Naggar et al 

2004 and Al-Bakry 2007), high water use efficiency (Farshadfar et al 

2011) and high grain yield/plant under water deficit conditions (Al-

Naggar and Shehab-Eldeen 2012 and Tharwat, et al. 2013). To start an 

effective selection program for drought tolerance in segregating 
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generations of wheat hybrids, the additive genetic variance should play 

a major role in the inheritance of such adaptive traits.   

The type of gene action for agronomic and yield characteristics 

in bread wheat under water stress and non-stress conditions was 

studied by several investigators, who indicated the role of both additive 

and dominance gene effects under both water stress and non-stress 

conditions (Munir et al., 2007, Abd El-Rahman and Hammad, 2009 

and Jatoi et al., 2012) for yield and yield components. Additive was 

more important than dominance variance under both conditions in 

controlling the inheritance of grain yield in wheat (Farshadfar et al., 

2008; Aboshosha and Hammad, 2009 and Al-Naggar and Shehab-

Eldeen, 2012). On the other hand, non-additive variance was more 

important than additive variance under water stress in the inheritance 

of wheat grain yield (Bayoumi, 2004; Farhat, 2005 and Al-Naggar et 

al., 2007b). Moreover, the overdominance type of gene action which 

controlled grain yield per plant under normal irrigation changed into 

partial dominance under drought stress as reported by Chowdhry et al 

(1999) and Subhani and Chowdhry (2000).  

Traditionally, the assessment of the genetic variation in crop plants 

has been conducted on basis of phenotypic and cytogenetic characters, 

which frequently lack the resolving power needed to identify 

individual genotypes (Teshale et al., 2003). In the last decades, 

molecular markers such as RFLP, RAPD, ISSR and AFLP have been 

used to assess genetic variation at the DNA level, allowing an 

estimation of the degree of relatedness between individuals without the 

influence of environmental variation (Gupta et al., 1999). 



 ٥

Among different classes of molecular markers, the simple 

sequence repeats (SSRs) markers also known as microsatellites, are 

useful in a variety of applications like plant genetics and breeding 

because of their reproducibility, multiallelic nature, codominant 

inheritance, relative abundance and good genome coverage. 

       SSRs continue to be the main marker type for quantitative trait loci 

(QTL) studies in wheat, either alone or in combination with other types 

of markers, and they cover all 21 wheat chromosomes. Many 

investigators concluded that SSR molecular markers are significantly 

associated with wheat traits related to salinity tolerance (Munir et al., 

2013) and drought tolerance (Ivandiç et al., 2002, Liviero et al., 2002, 

Quarrie et al., 2003, Ciuca and Petcu 2009, Abd El-Hadi, 2012 and 

Suhas et al., 2012).   

 The main objective of the present investigation was to develop 

new wheat genotypes (mutant genotypes and transgressive segregants) of 

high grain yield under water stress conditions. The detailed objectives 

were as follows: 

1. Identification of the proper gamma ray dose for the induction of 

useful mutations in seven wheat genotypes. 

2. Estimating variance components, heritability and expected genetic 

advance from selection in F1 and F2 diallel crosses among six wheat 

genotypes and in M2 populations of seven gamma-irradiated wheat 

genotypes under water stress and non-stress conditions. 

3. Field evaluation of selections (putative mutants and transgressive 

segregants) for drought tolerance and estimating the actual progress 

from selection. 



 ٦

4. Molecular characterization of the best selections at the DNA level via 

SSR analysis. 
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 REVIEW OF LITERATURE 

The review of literature of the present investigation will cover the 

following topics: 
1. Induced variation in wheat via gamma rays 

2. Induced variation in wheat via hybridization  

3. Induced variation in drought tolerance of wheat  

a. Genotypic variability in the field 

b. Genetic nature of drought-adaptive traits 

4. Trait interrelationships under drought 

5. Molecular characterization of wheat genotypes via SSR 

analysis 

1. Induced variation in wheat via gamma rays 

Induction of mutations and / or new recombinations in wheat 

populations is the first step in breeding programs for increasing genetic 

variability and thus for practicing efficient selection in these 

populations. 

Plant scientists devoted significant efforts to establish the 

experimental protocols for the use of radiation to generate heritable 

variations that could be used in crop improvement. Mutation breeding 

has become an established plant breeding strategy and in a little less 

than a century is credited with the development of over 3200 crop 

varieties that are being grown all over the world; out of which 254 

mutant wheat varieties were released as result of the use of physical 

mutagen (FAO/IAEA 2012).  
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The success of plant breeding largely depends on the availability of 

utilizable heritable variations. When desirable variations are easily 

discernible from well characterized germplasm collections, the plant 

breeder's task is fairly straightforward. In instances where such 

variations are either unavailable to the breeder or are observed only in 

materials with otherwise undesirable genetic backgrounds, induced 

mutations may be the only way to generate desirable variations for use 

in breeding superior crop varieties.  

Most (about 77%) of these mutant crop varieties are seed 

propagated, probably underscoring the relative ease for the induction 

of mutations using botanical seeds as against stem cuttings, tubers and 

other vegetative propagates, as starting materials for induced 

mutagenesis. It might also be a reflection of the preponderance of seed 

propagated crops (cereals and pulses) as the major food crops of the 

world.  

Maluszynski et al.  (2000) provided an in-depth review of the 

contributions of both spontaneous and induced semi-dwarfness to the 

genetic improvement of the cereals; rice, bread and durum wheats and 

barley, especially in the context of the Green Revolution. 

Mutation induction with irradiation was the most frequently used 

method to develop direct mutant varieties (Ahloowalia et al., 2004). 

Gamma rays were employed to develop 64% of the radiation-induced 

mutant varieties, followed by X-rays (22%).  

Gamma rays  are effective in broadening genetic variability and 

increasing means of wheat cultivars for grain yield and its components, 

helping plant breeders to practice an efficient selection in the M2 and 



9 
 

next mutated generations following treatments with these mutagens 

(Sobieh and Ragab, 2000 ; Sakin , 2002 ; Sobieh, 2002 ; Al-Naggar et 

al., 2004 and 2007a and Al-Bakry (2007).  

Sobieh (1999) studied the effect of different gamma ray doses 

on yield and its components of six rarely tillering wheat varieties and 

whether the induction of genetic variability will permit visual selection 

for increasing number of spikes per plant. He isolated various 

morphological types, i.e., dispike, dileaves per node and dwarf plants 

in M1 generation. The results in M2 generation showed that gamma ray 

doses had no significant effect on mean values of yield and most of its 

components. On the other hand, considerable genetic variability 

accompanied with high heritability estimates, especially for number of 

spikes per plant, occurred in the 20 Krad irradiated M2 populations of 

Sids 7, Sids 8 and Sids 9 and in 25 Krad irradiated M2 populations of 

Sids 4, Sids 5 and Sids 7. 

Rachovska and Dimova (2000a) treated seed of the wheat 

cultivars Momchil, Pobeda and Katya with gamma rays at doses 5, 10 

and 15 Krad and sodium azide at the concentrations of 0.1, 1 and 10 

mM. They studied 6 quantitative traits (plant height, productive 

tillering, length of the main spike, number of spikelets in the main 

spike, number and mass of grains / plant) in M1 and M2 generations. 

They found a negative effect on the quantitative traits. While, the 

number and weight of grains were the most sensitive traits to 

mutagenic action, and were suggested as criteria for investigating the 

action of gamma rays and sodium azide. 
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Rachovska and Dimova (2000b) studied the effect of gamma 

rays, sodium azide and their combination on variability in 6 

quantitative traits of productivity of winter bread wheat in M2 and M3 

generations. They found more variability in the morphological traits 

(plant height and length of main spike) than mass of grains of main 

spike and plants. Sodium azide produced more variability in both 

generations compared to gamma rays. 

Sobieh and Ragab (2000) studied the effect of the 20 and 30 

Krad doses of gamma rays on yield and yield attributes of irradiated 

populations of Giza 164 and Sakha 92 wheat varieties in comparison 

with untreated control. They selected a dwarf variant in M1 generation 

from Giza 164 irradiated with 30 Krad. This variant segregated in the 

M2 into three types, i.e., dwarf, semi-dwarf and tall stem. The results 

also showed that the means of yield and yield attributes of irradiated 

populations of Giza 146 and Sakha 92 in the M2 were insignificantly 

increased. High magnitudes of GVC, h2
b and GA for number of 

spikes/plant and number of grains/spike were obtained; but moderate 

magnitude for the weight of grains /spike was found. The high hb
2 and 

GA indicated the effectiveness of selection for these traits in the next 

generations. They selected some variants with morphological change, 

i.e., dwarf, semi dwarf, tall stem, early mature and brown spike in M2 -

generation. These variants surpassed their mother varieties for one or 

more of yield attributes, suggesting the importance of further 

evaluation and confirmation of these variants in the next generations. 

Agrawal and Mishra (2001) irradiated seeds of wheat cv. PBW-

343 with gamma rays at doses ranging from 5 to 40 Krad under dry 
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conditions and from 5 to 20 Krad under wet conditions. They estimated   

ranges, means, genetic coefficient of variation, phenotypic coefficient 

of variation; broad-sense heritability and genetic advance in the M2 

population. These estimates in treated populations were significantly 

higher over the control for the medium to higher doses (10-35 Krad) of 

gamma irradiation. On the other hand, these parameters were 

significantly lower than the control for the highest dose (40 Krad) of 

gamma irradiation. 

Al-Ubaidi et al. (2002) found that during the last 2 generations 

(M5 F6 and M6 F7), 8 wheat mutants exhibited the highest genetic stability 

in all experimental stations. They tested these mutants for lodging 

resistance, plant height, number of spikes per square meter and grain 

yield and found that gamma rays were effective in inducing variability 

in the tested agronomic traits.   

Budak and Yildirim (2002) studied the heritability, correlations 

and genetic gains from selection for grain yield and protein content in 

the populations of Ege 88 and Kunduru wheat cultivars which were 

irradiated with 5, 10, 15, 20 and 25 Krad of gamma rays. The 

experiment was conducted over three years (from 1997 to 2000). In 

each generation, plant height, heading date, 1000-grain weight and 

grain yield/plot were measured and protein content (%) was 

determined. The results showed that Ege 88 populations had higher 

grain yield but lower protein contents than those of Kunduru. None of 

the Ege 88 populations had given higher grain yield than the control 

over three years. Grain yield showed positive significant correlations (r 

= 0.66** and r = 0.67**) with days to heading and plant height, 
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respectively for Kunduru, while these correlations were negative for 

Ege 88 (r = 0.64** and   r = 0.36*, respectively). 

Jamil and Khan (2002) irradiated seeds of the wheat cultivar 

Bakhtawar-92 by 5, 10,    15, 20 and 25 Krad doses of gamma rays 

along with an untreated check. The analysis of the data revealed 

significant differences among the treatments. The most beneficial dose 

was 20 Krad. The impact of this dose was promising in germination 

(96.47 %, plant height (82.78 cm), number of grains per plant (59.80), 

and grain yield (3926), while the other doses such as 5, 10, 15 and 25 

showed minor fluctuations in their effects. 

Sakin (2002) induced variability of yield and the other 

quantitative characters after selection in single plant grain yield in M2 

generation and evaluated the applicability of micro-mutations in durum 

wheat breeding. Test populations were M2 and M3 generations of "Sofu" 

durum wheat variety resulting from EMS or gamma ray treatments. 

Estimated variations of segregating generations increased depending 

on the character investigated and the mutagen used. The high 

heritability estimates in response to selection demonstrated that the part 

of the induced variability remains in generations. The expected genetic 

advances from selection in the M3 generation indicated the potential of 

obtaining plants with higher yield. Micro-mutations related to yield 

and quantitative characters can potentially be used in plant breeding. 

Sobieh (2002) selected short culm mutants from the local wheat 

cultivars Sids 5, Sids 6 and Sids 7 after gamma irradiation. Some short 

culm mutants exhibited high grain yield/plant as compared to their 

parental cultivars. There were significant decreases in plant height for 
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all the short culm mutants. The reduction in culm height varied from 

21.4 to 35.4 % and was ascribed to the shortening in culm internode 

length and increases in internode diameter especially the third 

internode. However, the number of internodes was the same as in the 

original cultivars. 

Mahantashivayogayya et al. (2003) studied the effect of gamma 

irradiation and EMS on genotypic (GCV) and phenotypic (PCV) 

coefficients of variances, heritability and genetic advance of the wheat 

(Triticum dicoccum). They found that the highest genetic advance 

from selection was observed in EMS treated populations for peduncle 

length, spikelets per spike, grains per spike and 1000-grain weight.         

Singh et al. (2003) investigated that the effect of gamma 

radiation at doses of 20 and 30 Krad as well as a combination of 

treatments of 20 Krad + 0.5% ethylmethane sulphonate (EMS) and 30 

Krad + 0.5% EMS on wheat (Triticum aestivum L.) cultivars C 306 

and HD 2009. Mutants were selected in M2 on the basis of plant height 

and other morphological traits. Observations were recorded in M3 

generations for plant height, ear length, spikelets per spike, grains per spike, 

100-grain weight and grain yield. Results showed that mutagenic treatments were 

effective in creating quantitative variation in both cultivars. 

Al-Naggar et al. (2004) created genetic variation in 6 Egyptian 

wheat cultivars via gamma irradiation in M1 and M2 generations under 

drought stress and non-stress conditions. They found that both drought 

and/or irradiation caused a decrease in grain yield and most studied 

traits, while irradiation caused an increase in yield in the second 

mutated generation of crosses under drought stress. Estimates of PCV 



14 
 

and GCV were high for grain yield especially in the 2nd mutated 

generation of F2 crosses (F2M2) assuring the important role of 

hybridization and irradiation in inducing new variation under water 

stress. The best 3 drought tolerant selections and their 3 original 

parents were assessed in the field. They proved superiority in 

performance under water stress conditions as well as earliness 

indicating great value in breeding programs for developing drought 

tolerant cultivars. Variant (1) a glaucosness mutation was selected 

from the irradiated cultivar Sids 1 in the M1, variant (2) from the 

irradiated cross (Sids 1 X Giza 164) in the F2M2 and variant (3) from 

the non-irradiated cross (Sakha 8 X Giza 164) in the F2. 

Al-Bakry (2007) induced different mutants in wheat via gamma 

rays. He also obtained mutants for increased glaucosness of spikes, 

stems and leaves, which proved useful for drought tolerance. 

Al-Naggar et al. (2007a) attempted to induce drought tolerant 

mutants in the Egyptian bread wheat cultivars Sids 1 and Sakha 93 via 

gamma rays and EMS mutagens. Twenty- two mutants showed 

significant superiority in grain yield over parent cultivars under water 

stress that reached more than 20% in six mutants as compared to their 

parents. 

Singh and Balyan (2009) induced mutants with gamma rays, 

characterized by reduced plant height, square head, awnless ear, amber 

seed colour, bold seeds and storage capacities in the bread wheat cv. 

Kharchia 65. These mutants were isolated from M2 generation; derived 

from 10, 20, 30 and 40 KR M1 populations. In the M3 generation, 

some, progenies with morphological mutants were recovered. The 
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pattern of segregation was found to be controlled by monogenic 

recessive control of mutant phenotypes and showed a good fit for 3 

normal: 1 mutant and 1 normal:2 segregating: 1 mutant between and 

within the progenies, respectively. Out of the thirteen reduced plant 

height homozygous mutant progenies, only three progenies, namely 

398, 446-7 and 621 showed superiority over control population for 

several traits. For instance, these progenies had significantly higher 

mean values for number of tillers per plant and number of spikelets per 

spike biological yield, number of tillers per plant and number of 

spikelets per spike and harvest index compared to the control cv. 

Kharchia 65. They concluded that these three mutant progenies may 

prove useful for yield improvement in wheat breeding programs. 

   Tamer and Sahin (2010) irradiated three spring durum wheat 

cultivars, namely Salihli-92, Ege-88 and Gediz-75 with various doses 

of gamma rays, i.e., 0, 150 and 300 Gy. A total of 100 single plants 

were selected from each mutant and control populations. Twenty five 

percent selection pressure was applied. A second stage selection was 

applied in each progeny population and selected mutant lines were 

advanced to the micro yield testing. Genetic advance at each stage of 

selection was estimated for single plant yield, and expected progeny 

means for plot yield was estimated. In certain mutant populations, 

heritability and phenotypic standard deviation values and genetic gains 

were higher than those of control population. The progeny means of 

certain mutant populations were also higher when compared to control 

population. 
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Al-Bakry et al. (2011) created genetic variations with improved 

yield-related traits in two Egyptian bread wheat cultivars using gamma 

radiations. The segregated M2 population of irradiated Giza 168 and 

Sakha 93 showed some degree of superiority as compared with their 

original parent. The phenotypic coefficient of variation (PCV %) 

estimates were slightly higher than the genotypic coefficient of 

variation (GCV %)   estimates for all traits under study. The PCV % 

and GCV % estimates for both Giza 168 and Sakha 93 were generally 

higher in the M2 than M1 generations. 

 Laghari et al. (2012) developed twelve mutant lines through 

radiation-induced mutagenesis and evaluated them along with four 

local check varieties (Sarsabz, Kiran-95, TJ-83 and Khirman). Two 

mutants (MASR-3 and MASR-64) matured earlier than other entries 

including check varieties. Mutants MASR-64 and MASR-6 produced 

higher grain yield (5420 and 5380 kg ha-1, respectively). The mutants 

MASR-3, MASR-9, MASR-14, and MASR-64 produced higher 1000-

grain weight (45.2, 47.7, 45.7, and 45.0g, respectively). The highest 

number of grains spike-1 (79.9) was recorded in MASR-64, MASR-6 

(71.8) and MASR-8 (68.0). Higher grain yield (5420 and 5380 kg ha-1) 

was produced by the mutants MASR-64 and MASR-6, respectively. 

Main spike yield ranged between 1.9 and 4.15g. MASR-64 produced 

the highest grains spike-1 (79.9) and the highest main spike yield 

(4.15g). Mutant MASR-64 has shown improvement in most of the 

traits. It is early maturing, high yielding, endowed with higher number 

of grains spike-1 and main spike yield; hence it could be considered a 

promising selection for future breeding. 
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2. Induced variation in wheat via hybridization  

Hybridization is the principal breeding procedure for the 

development of new recombinations in wheat. The chief role of 

hybridization is to create hybrid populations with new genetic variation 

from which new recombinations of genes may be selected (Singh, 

2000). 

Recombination is a crucial component of evolution and breeding, 

producing new genetic combinations on which selection can act. 

Through recombination, combining many favorable alleles into a 

single genotype is the main objective of plant breeding (Esch et al., 

2007).  

Selection for one of the yield components to increase grain yield 

would be most effective if the component is highly heritable and 

genetically correlated with grain yield in a positive manner (Sidwell et 

al., 1976 and Al-Bakry, 2010). 

Transgressive segregation is a phenomenon specific to segregating 

hybrid generations and refers to the individuals that exceed parental 

phenotypic values for one or more characters (Rieseberg et al. 1999 

and Singh, 2000). Such plants are produced by an accumulation of 

favorable genes from both parents as a consequence of combination. 

Consequently, transgressive breeding could be used as a tool for 

improving yield and its contributing characters through the recovery of 

transgressive segregations (Singh, 2000).  

Observations on transgressive segregations in segregating hybrid 

generations were previously explained by many research workers 

(Voigt and Tischler, 1994 and Al-Bakry et al., 2008). 
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Mitchell et al. (1982) showed that the response to selection for 

grain yield per plant in segregating populations of two wheat crosses 

was 7.10 and 14.00 %. 

Shehab El-Din (1997) concluded that selecting early plants with 

the desirable height may be useful in the early segregating generations 

but would be more effective if delayed to later ones. 

Malik and Wright (1995) studied the agronomic traits in spring 

wheat under drought. The parents, F1
's, and segregating generations of 

four crosses were grown in pots under glasshouse conditions. 

Generation means and variance analyses of the data suggested simple 

inheritance of the studied traits. The estimates of narrow sense 

heritability were very high which might be due to the presence of a few 

major genes controlling for the inheritance of these traits. 

Riesberg et al. (1999) reported that out of 579 traits examined 

across 113 studies, 336 (58 %) exhibited transgression, suggesting that 

transgression is the rule rather than the exception, and transgressive 

segregants appear to be ubiquitous in plant hybrids.  

Shukla et al. (2000) studied yield components of 25 cross 

combinations of wheat over F2 and F3 generations. High genotypic 

coefficient of variation, high heritability and high expected genetic 

advance were observed for grain yield/plant, 1000-grain weight and 

harvest index. 

Moursi (2003) reported that narrow-sense heritability was low 

for wheat grain yield/plant, suggesting that selection should be delayed 

to later segregating generations. 
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Riaz and Chowdhry (2003a) evaluated the heritability and 

variation for some physio-morphic traits of wheat under drought 

conditions. Parental genotypes and their hybrids differed significantly 

for all the characters studied including leaf venation, stomatal 

frequency, stomata size, epidermal cell size, flag leaf area, grains per 

spike, 1000-kernel weight and grain yield per plant. High estimates of 

both broad and narrow-sense heritability indicated that leaf venation, 

stomata size, epidermal cell size, grains per spike, 1000-grain weight 

and grain yield per plant were highly heritable in the breeding material 

used in their study. A fairly high amount of genetic variation for these 

traits was transmitted to the offsprings and almost all of that variation 

was additive in nature. Thus, single plant selection for these traits can 

be practiced with high efficiency during early generations. 

Menshawy (2005) indicated that additive gene effects 

comprised the major part of the genetic variability in wheat, suggesting 

that in early segregating generations selection for these traits would be 

effective in developing promising early lines. 

Abdel-Nour (2006) showed that high to moderate estimates of 

heritability for most studied yield characters of wheat were associated 

with moderate to low genetic advance from selection as percentage of 

F2 and F3 means. 

Moshref (2006) found that high to medium values of heritability 

estimates were associated with high to moderate genetic advance as 

percentage of F2 mean. 

Al-Naggar et al. (2007b) reported that high narrow-sense 

heritability (h2
n) estimates for earliness and grain filling of wheat traits 
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under water stress and non-stress indicated that the expected gain from 

selection for these traits in segregating generations would be high and 

few cycles of selection are needed for the improvement of these traits. 

Iqbal et al. (2007) reported that selection for early flowering / 

maturity in early segregating generations of wheat crosses would be 

expected to result in genetic improvement towards earliness in high 

latitude spring wheats. 

Kamaluddin et al. (2007) concluded that progress could be 

made from the selection in three wheat crosses either for long or short 

grain filling duration (GFD). To utilize favorable additive x additive 

effects during this selection, they suggested that the single seed descent 

(SSD) or bulk population approach be adopted in segregation 

generations. 

Menshawy   (2007a)   indicated   that   heritability   estimates in 

broad-sense were high for most earliness traits in wheat, suggesting 

that these traits could be modified by selection. 

Munir et al. (2007) suggested that it may be possible to obtain 

drought tolerant high yielding lines of wheat with a relatively simple 

breeding procedure involving no progeny test. Transgressive 

segregation of the traits showed that the crossing of varieties may 

result into useful recombinations for drought resistance.  

Chavada and Monpara (2007) indicated that mean performance 

of parents and F2 generations for individual characters of wheat were 

desirable for transgressive segregations that appear to be occurred for 

vegetative period, grain filling index and grain yield per plant in 

certain crosses, which should be exploited to select for superior types. 



21 
 

Heritability was low for all the components of maturity but its 

magnitude was relatively higher for grain yield per plant in most 

crosses. High heritability for this trait indicated major role of additive 

gene action to explain the total variation existed for grain yield per 

plant in the material studied. 

Al-Bakry et al. (2008) selected seven segregants of wheat for 

different improved yield-related traits from the F2 population. Each of 

these selected segregants has significantly surpassed its highest parent 

(Sids 1) in grain yield/plant. The significant superiority of the selected 

segregants over their parents in grain yield/plant was accompanied by 

superiority in one or more of the yield related traits. Selected 

segregants No. 1, 2, 3, and 4 showed a considerable percentage of 

superiority in grain yield over Sids 1 (25.99, 20.43, 18.75 and 14.73% 

respectively). The selected segregants significantly exceeded their 

mutant parent GWM7 in number of spikes/plant. The selected glaucous 

high-yielding segregants would be of great benefit for plant breeders as 

potential drought tolerant genotypes.        

Al-Bakry and Al-Naggar (2011) selected 24 recombinant and 

transgressive segregants for grain yield and its related traits from F2 

and F3 populations of the wheat cross between a glaucous wheat 

mutant line (GWM6) and Giza 164 cultivar. They reported that 12 

recombinants significantly transgressed their highest parents (Giza 

164) for grain yield/plant, and superiority of some recombinants was 

accompanied by their superiority in two or three yield related traits. 

Ali (2012) studied two cycles of pedigree selection for the days 

to heading, 1000-grain weight and grain yield/plant in two segregating 
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populations of wheat in the F3 - F5 generations. Highly significant 

differences among F3 families in both populations and sufficient 

genotypic variation were observed for all studied traits. Estimates of 

realized gains showed that heading date was earlier by 4.10 and 6.91% 

for populations I and II, respectively, than the bulk sample after the 

two cycles of selection. Grain weight increased by 14.72 and 6.43% for 

populations I and 8.01 and 1.68% for populations II over the better 

parent and the bulk sample, respectively, after two cycles of selection. 

Selection also improved grain yield/plant in both populations over the 

better parent and the bulk sample by 12.20 and 3.37% for populations I 

and 7.93 and 1.60% for populations II, respectively. In population I, 

one family yielded 17.21% more and was 4.42% earlier than the bulk 

sample. In population II, the best selected family was common to the 

three selection criteria and outyielded the bulk sample by 15.32%, was 

earlier by 2.73% and produced 9.10% heavier grain weight. 

Al-Naggar and Shehab-Eldeen (2012) developed new wheat 

genotypes of early maturity and high yielding under water stress 

conditions; from a cross between Sids 4 (an early cultivar) and Line 1 

(high yielding) and evaluated the actual progress of families selected 

from the F2 generation of this cross relative to their parents and three 

check cultivars. Sixty five plants selected in F2 and their F3 progenies 

were evaluated in rust diseases nursery. Results showed that all the six 

rust resistant selected families (in the F4) were earlier in DTH (by ≈ 15 

days) and in DTM (by ≈ 6 days) than all check cultivars under both 

water stress and non-stress environments. Comparing to the best check 

variety (Misr 1), two selected families (SF1 and SF6) were 
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significantly higher in GY/P (by about 8.5 and 29.5 %, respectively) 

under water stress and therefore were considered as new drought 

tolerant genotypes.  

Tharwat et al. (2013) conducted two cycles of selection in the F2 

generation of a cross between two bread wheat genotypes, i.e., Long 

Spike 58’ and ‘Giza-168 to assess the impact of selection on grain 

yield in response to drought. Family selection and within-family 

selection were adopted in the second cycle of selection. The observed 

response to selection for grain yield was 64.66% in the F3 generation 

and 18.14 and 12.39% in the F4 generation for family and within-

family selection, respectively. The mean grain yield of F3 selections 

exceeded that of two standard cultivars (‘Giza-168’ and ‘Sids 12’) by 

19.67 and 16.48%, respectively, while the mean of F4 selections 

exceeded that of the two standard cultivars by 15.08 and 35.53%, 

respectively. 

3. Induced variation in drought tolerance of wheat  

a. Genotypic variability in the field 

Several wheat researchers reported significant differences among 

wheat genotypes in drought tolerance indicating that this trait is under 

genetic control and that drought tolerance of wheat could be improved 

via breeding procedures.  

Bruckner and Frohberg (1987) evaluated twenty wheat genotypes 

under high temperature and water stress in a range of environments (15 

site-year combinations). They identified stress tolerant genotypes that 

showed minimized yield loss under stress conditions. 
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Corbellini et al. (1988) grew 160 wheat cultivars for 2 years at 

sites in northern Italy, southern Italy and Morocco under different 

degrees of natural drought stress. Genetic variability was present for all 

4 traits measured in the laboratory, but 2 of the tests showed low 

repeatability. The results of laboratory tests were weakly correlated 

with each other and with field performance; only germination under 

osmotic stress showed a significant correlation (r = 0.45) with grain 

weight and yield under drought. Twenty tolerant cultivars were 

selected as the basis of a synthetic population.  

Ehdaie et al. (1988) studied the differential response of 

landraces and improved spring wheat genotypes to water stress 

environments. They reported that the tested genotypes exhibited a wide 

range of stress susceptibility and adaptation to stress environments. 

Landraces, generally, had lower yield potential than the improved 

cultivars. 

Pfeiffer and Klatt (1988) reported that consistent progress in 

yield potential under drought has been achieved across the past 2 

decades with semidwarf bread wheat genotypes selected under near-

optimum conditions. The 2 standards, Siete Cerros 66 and Inia 66, 

showed a high level of spatial and temporal yield stability under 

drought conditions and gave higher yields than the tall, locally 

developed cultivars. They concluded that high yield potential and input 

responsiveness can be combined in drought tolerant materials.  

Chowdhury (1990) screened 115 genotypes of Triticum 

aestivum and T. durum for drought tolerance. Genotypic differences 
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were found under drought/rainfed conditions for grain yield, biological 

yield and harvest index.  

Borghi et al. (1990) calculated drought susceptibility indices for 

200 varieties of wheat, representing old and modern cultivars, 

landraces and new lines, following cultivation under optimum irrigated 

and heat and drought stress field conditions in Italy and Morocco. All 

the varieties were also screened in the laboratory for cellular 

membrane stability under heat and drought stress, response to seedling 

heat shock and excised leaf water loss. They concluded that the 

laboratory methods were of limited value because of high genotype X 

environment interactions and the weak association of laboratory results 

with results from the field. In contrast, drought susceptibility indices 

based on yield related traits in the field showed consistency at all the 

diverse locations. 

Clarke et al.  (1992) evaluated twenty-five hexaploid (T. 

aestivum) and 16 tetraploid (T. durum) wheat genotypes in separate 

experiments under dry and irrigated conditions. There was year-to-year 

variation in drought susceptibility index (S) within genotypes and a 

change in ranking of genotypes within years. No single cause for this 

variability was identified. The (S) index did not differentiate between 

potentially drought-tolerant genotypes and those having low yield 

potential from other causes. There seems to be no simple technique to 

quantify drought tolerance that would assist physiologists in choosing 

genotypes in which to evaluate putative drought tolerance mechanisms.  

Mosaad et al. (1995) studied genotypic differences among a 

number of drought-tolerant and drought susceptible bread and durum 
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wheat cultivars under 4 watering regimes, i.e. 35, 55, 75 or 95% of 

field moisture capacity (FC). They reported that the contribution of 

tillers to grain yield was higher in Cham 6 than in other genotypes, 

especially under moderate or severe water stress. They concluded that 

early tillering and faster leaf appearance under water stress result in 

higher tiller survival and a greater contribution of tillers to yield, hence 

tiller dynamics under water stress can be used as a selection criterion in 

breeding for drought tolerance.  

Sharma and Bhargava (1996) evaluated nine wheat genotypes of 

diverse origin for their relative drought tolerance. Four genotypes, viz., 

WJ-66, WJ-137, WJ-141 and C-306 were the least affected by drought 

for drought- tolerance indicators: test-weight, number of grains per ear, 

plant height and harvest index. WJ-142 and WJ-145 were drought 

susceptible for the majority of characters.  

Ahmad et al. (1998) found that medium-tall bread wheat 

genotypes (IDO367, IDO369 and Rick) and short-medium genotypes 

(WPB926, Yecora Rojo and Pondera) generally produced high yields 

under water stress conditions. Under moderate stress conditions, 

IDO367 and Yecora Rojo had consistently high yields. Genotypic yield 

differences under water stress conditions were primarily related to 

differences in the numbers of spikes/m2. Therefore, they concluded that 

a tendency for high plasticity for spikes per unit area could be used to 

select wheat genotypes for improved drought tolerance.  

Moustafa et al. (1998) evaluated four spring wheat cultivars 

(Giza 165, Gemmiza 1, Klassic, and SPHE3) under water stress 

imposed by withholding irrigation at different stages of growth. They 
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applied three treatments, viz. no stress (W1); 10 days stress at tillering 

(W2); and 10 days stress at heading (W3). Water stress caused large 

differences in yield and yield components. For the W3 treatment, Giza 

165, Gemmeiza 1, and SPHE3 showed yield decreases of 44, 43 and 

18%, respectively, while Klassic showed a yield increase of 4%. It was 

not possible to determine if osmotic adjustment contributed to the 

differences between cultivars in response to water stress.  

Kinyua et al. (2000) conducted yield trials from 1996 to 1999 to 

identify bread wheat genotypes which would perform well in dry sites 

in Kenya. Genotype, genotype x environment and environmental 

differences were observed. At the end of their trials, a new wheat 

variety, Chozi, was released for commercial production. Its yield 

ranged from 0.5 to 2.5 t/ha across years and locations.  

Bayoumi (2004) evaluated six wheat genotypes and their 15 F1 

crosses for plant height, grain yield and its components under water 

stress and normal irrigation treatments. His results indicated the 

presence of wide diversity among the parental materials and the 15 F1 

crosses under normal and water stress conditions. 

El-Danasory (2005) in Tanta, Egypt, evaluated six wheat 

genotypes and their 15 F1 hybrids under stress and normal irrigation 

treatments. He was able to identify parents and hybrids that were more 

tolerant to water stress.  

Farhat (2005) studied the performance of six wheat genotypes 

and their diallel crosses under normal and water stress conditions. 

Results showed great differences in grain yield and susceptibility index 

between parents and between hybrids. 
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Tammam (2005) reported that there were significant differences 

among the six generations (P1, P2, F1, F2, BC1 and BC2) of two wheat 

crosses in plant height, number of spikes/plant, number of 

kernels/spike, 100 kernels weight and grain yield/plant under normal 

and drought treatments. 

Golparvar et al. (2006) showed that there were significant 

differences between the basic six generations of wheat crosses for 

grain filling rate under drought stress conditions. 

Al-Naggar et al. (2007b) found significant differences among 

six Egyptian bread wheat cultivars and lines and their fifteen diallel F1 

crosses in agronomic and yield traits under normal and stress irrigation 

treatments.  

Hussein et al. (2009) found significant differences among the six 

generations (P1, P2, F1, F2, BC1 and BC2) of two wheat crosses for yield 

and yield component traits under water stress conditions. 

Mirbahar et al. (2009) studied the effect of different water stress 

conditions, applied at different crop development stages, on the yield 

and yield components of 25 wheat varieties. The highest reduction in 

all parameters was found in terminal drought, while post flowering 

drought and Pre-flowering drought affected the 1000 grain weight 

significantly. The varieties Sarsabz and Kiran-95 showed significantly 

good performance than other wheat varieties at non-stress as well as at 

terminal drought stress conditions. 

Al-Naggar et al. (2012) indicated significant differences among 

generations, i.e. P1, P2, F1, F2, BC1, and BC2 for the majority of studied 

traits of all wheat crosses under both environments.  
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b. Genetic nature of drought adaptive-traits  

The ideal genotype for moisture stress conditions must combine a 

reasonably high yield potential with specific plant characters, which 

could buffer yield against severe moisture stress (Blum, 1983).  

The difficulty in breeding for moisture stress is the use of yield as a 

principal selection index, because the variability as well as heritability 

is reduced under drought stress conditions (Roy and Murthy, 1969 and 

Turner, 1986). This causes slow progress in selection under drought 

stress conditions as compared to environment with optimal irrigation.  

Grain yield is mainly determined by three major components, 

namely spikes per unit area, number of grains per spike and kernel 

weight. Moreover, grain yield is unstable and changes by environment 

and consequently, might not be a useful selection criterion for drought 

resistance in breeding programs, if it is used alone (Cooper et al., 

1995). So using any one of yield components plus yield itself as a 

selection criterion is better than using grain yield alone. This is the 

reason why it is necessary to know the genetic nature of yield 

components (Misra et al., 1994). 

Studying the genetic nature of the adaptive traits of wheat under 

drought stress was the subject of many studies because of its 

importance in identifying the proper parents and breeding methods for 

the improvement of drought tolerance. 

Singh et al. (1980) studied grain yield, 1000-kernel weight, 

tillers number, spike length, spikelets number and plant height in bread 

wheat under rainfed and irrigated environments. Both additive and 

non-additive types of gene action were found to be important in the 
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expression of these traits under both environments. 

Sawant and Jain (1985) found that additive effects were 

significant for every studied character in all crosses of wheat under 

water stress and non-stress and were fairly stable across environments. 

Dominance effects were also generally significant for most characters 

but differed between environments. Heritability estimates were 

generally high and stable across environments.  

Singh et al. (1986) studied grain yield/plant and six of its 

components in nine wheat varieties and their hybrids in diallel crosses 

grown under irrigated and rainfed conditions. They reported significant 

general and specific combining ability effects for grain yield/pant and 

harvest index. 

Singh and Paroda (1988) reported that plant height, number of 

grains per spike and 1000-kernel weight showed high GCA (additive) 

effects, while tillers number and grain yield showed high SCA (non-

additive) effects under both normal and stressed (rainfed) environ-

ments. 

Labuschagne and Deventer (1989) evaluated F1 diallel crosses 

among 5 winter wheat cultivars, and their parents under water stress 

and non-stress conditions. They found that general (GCA) and specific 

(SCA) combining ability mean squares were highly significant for all 

traits measured at both moisture levels. GCA to SCA mean square 

ratios suggested a strong predominance of additive gene action for 

yield and yield components at both moisture levels. SCA effects were 

predominantly negative, and rankings and effect values varied for the 2 
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moisture levels. Mid-parental heterosis was expressed in only a few 

hybrids.  

Farshadfar et al. (1993) estimated the heritability and expected 

genetic advance of 7 morphological characters of bread wheat related 

to drought in a drought-stress experiment in a phytotron. Heritability 

estimates ranged from 30% for root: shoot ratio to 94% for root dry 

weight. Expected genetic advance from selection of the best 5 % for 

the root system was about 90 %.  

Larik (1995) estimated heterosis in diallel crosses of six spring 

wheat cultivars for yield and its primary components. Their results 

show that F1 plants display heterotic effects for yield per plant under 

non-stress conditions. On the other side, only one hybrid showed 

highly significant positive heterotic effect relative to mid parent for 

grain yield under water stress.  

Dhanda and Sethi (1996) reported that the estimates of 

heritability and genetic advance from selection for wheat yield and its 

related traits were higher under irrigated than under rainfed conditions 

which may be due to better expression of genotypic effects under 

normal conditions. The estimates of heritability, genetic advance and 

correlation coefficients revealed that tillers/plant and biological yield 

were important for yield improvement under irrigated and rainfed 

conditions, respectively, whereas the harvest index was important 

under both environments. 

Moshref (1996) reported that broad-sense heritability estimates in 

wheat were high for number of spikes per plant and number of grains 

per spike and moderate for 1000-grain weight and grain yield per plant. 
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Rana and Sharma (1997) derived information on genetic 

variance and heritability from data on 7 yield-related traits in 8 wheat 

parents (4 drought-tolerant and 4 drought-sensitive) and their 28 F1 and 

28 F2 progenies grown under rainfed conditions with pre-sowing 

irrigation. Their data indicated the importance of dominance gene 

effects in the inheritance of these traits.  

El-Maghrapy (1998) reported that under water stress conditions, 

14 hybrids out of 28 F1
’s had significant negative heterosis values 

(earliness) over mid and earlier parent and only one cross had highly 

significant positive heterosis over mid and higher parent for grain yield 

per plant. 

 El-Borhamy (2000) found that only three wheat crosses scored 

significant negative heterosis values for days to maturity and days to 

heading over mid parent under water stress and no crosses had negative 

heterotic values over the better parent in the first season. In the 

following season, the percentages of significant negative heterotic 

values over mid-parent under water stress were recorded for only two 

crosses and no crosses had negative heterotic values above the better 

parent.  

Afiah and Darwish (2002) found that some hybrids in wheat 

exhibited significant positive heterotic effects relative to their better 

parents for grain yield under both rainfed and salinity stresses. They 

studied the combining ability effects for plant height in wheat under 

rainfed and salinity stresses. GCA/SCA ratio was much higher than 

unity under drought stress (indicating predominance of additive) and 
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less than unity under saline conditions (indicating predominance of 

non-additive). 

Arshad and Chowdhry (2002) found that GCA mean squares for 

spikes/plant of wheat were highly significant under normal irrigation, 

while they were insignificant under drought. On the other hand, SCA 

mean squares for the same trait were highly significant under both 

conditions. Graphical analysis revealed that additive gene action for 

plant height under irrigated conditions changed to overdominance 

under drought stress. 

Darwish (2003) studied the combining ability for number of 

kernels per spike in bread wheat under stress and normal irrigation. His 

results indicated that under both irrigation treatments, additive type of 

gene action is more important than non-additive for this trait.  

Moursi (2003) studied the genetic nature of grain yield and its 

attributes and drought susceptibility index for six wheat genotypes. 

The dominance gene effects were larger in magnitude than additive 

effects for grain yield/plant in most cases.  

Bayoumi (2004) studied plant height and grain yield and its 

components under water stress and normal irrigation treatments. Data 

revealed that grain yield/plant and other traits showed low narrow-

sense heritabilities and low expected selection gain under both 

conditions. 

Mohamed (2004) employed the diallel analysis between six 

parents of bread wheat and their F1
’s under water stress and normal 

conditions to study the genetic nature of agronomic and yield traits. 

The additive and dominance components were significant for most 
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traits under the two conditions. The mean degree of dominance was 

within the range of over dominance for most traits under both 

conditions. Intermediate to high estimates of heritability in narrow 

sense were obtained for most studied traits. Grain yield per plant had 

low narrow sense heritability estimates under water stress conditions. 

El-Maghraby et al. (2005) reported that the analysis of variance 

of yield indicated highly significant differences among the wheat 

progenies. General combining ability (GCA) was responsible for most 

of the differences among the crosses. Specific combing ability (SCA) 

was also significant but less important. The estimates of GCA effects 

indicated that one line was the best general combiner for grain yield 

under drought.  

Farhat (2005) studied performance of six wheat genotypes and 

their hybrids under normal and water stress conditions. The additive 

and dominance genetic variance reached the level of significance for 

all agronomic and yield traits, except additive variance for grain yield 

under normal conditions. Additive was greater than dominance genetic 

variance for plant height and 100 kernel wieght under the two 

conditions, while the dominance genetic variance was the greatest in 

the other triats. Low and moderate hertibaility estimates in narrow 

sense (h2
n) were detected for grain yield under and stress conditions, 

respectively, while those for plant height and 100-KW were high to 

moderate (h2
n) under both conditions. 

Tammam (2005) reported that the expected genetic advance was 

generally low for most cases for two crosses of wheat under both 

normal and drought treatments, except plant height for cross 1 under 
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both treatments, number of kernels/spike of the two crosses under both 

treatments which showed high values of excepted genetic advance. 

Golparvar et al. (2006) showed that the estimation of heritability 

in broad sense was medium, however heritability in narrow sense and 

selection gain were low for grain yield of wheat under drought 

treatment.  

Ismail et al. (2006) reported that broad-sense heritability 

estimates were high for most studied characters in wheat, whereas 

narrow-sense heritability and expected selection gain were low for 

most studied characters, under moisture stressed environment. 

Ahmed et al. (2007) estimated the heritability and selection gain 

for traits related to drought in wheat under natural drought treatments. 

They showed that estimates of heritability and expected genetic 

advance for plant height, number of tillers per plant, 1000-grain weight 

and grain-yield per plant, were high for the entire cross combinations, 

while the heritability estimates for spike length and number of grains 

per spike were relatively low. Their results also suggested that 

improvement of these characters should be faster because of higher 

heritabilities and greater phenotypic variation. 

Al-Naggar et al. (2007b) showed that dominance was more 

important than additive and played the major role in the inheritance of 

grain yield of wheat under the two irrigation regimes (stress and non-

stress). Heritability and genetic advance from selection were high for 

number of kernels/spike and 100-kernel weight under non-stress, 

moderate for number of spikes/plant under both normal and drought 

treatments and number of kernels/spike and 100-kernel weight under 
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water stress and low for plant height and grain yield/plant under both 

stress and non-stress treatments. 

Munir et al. (2007) studied the genetics of drought tolerance in 

bread wheat by using the six basic generations (P1, P2, F1, F2, BC1 and 

BC2). Their results showed that type of gene action varied with the 

trait, cross and treatment. Additive, dominance and epistatic effects 

were involved in the inheritance of yield and yield components under 

drought conditions. Grain weight per spike was controlled by additive 

genes coupled with high heritability. 

Tahmasebi et al. (2007) studied the genetic parameters and 

types of genetic control for yield and yield components under normal 

and water stress treatments in half-diallel crosses among eight bread 

wheat cultivars. They reported the importance of additive genetic 

effects in controlling plant height, spike length and number of grains 

per spike in both environments and number of spikelets per spike in the 

stressed treatment. Their results revealed partial dominance for plant 

height, spike length and number of grains per spike in both 

environments, and for number of spikelets per spike in stressed 

environment, whereas over-dominance was observed for the other 

traits in one or both treatments. 

Ahmadi and Bajelan (2008) studied heritability of drought 

tolerance in wheat under drought conditions. Their results indicated the 

predominance of additive variance for 1000-kernel weight and plant 

height. For grain yield, number of kernels per spike and tillers number, 

additive variance component was considerably smaller than the 



37 
 

dominance variance, showing that these traits are strongly controlled 

by dominance effects. 

Al-Bakry (2010) selected three F2 bulks from crossing the wheat 

mutant line (GWM6) and the nonglaucous wheat cultivar Giza 164. 

Bulk 1 contains glaucous type of F2 plants; bulk 2 contains moderately 

glaucous type of F2 plants; and bulk 3 contains nonglaucous F2 plants. 

The ratio of segregated wheat plants in F2 was, 1 glaucous: 2 

moderately glaucous: 1 nonglaucous. The occurrence of glaucous 

plants with leaf blade and nonglaucous plants for spike in F2-

segregated population might refer to the separate inheritance of these 

two traits. 

Saeed et al. (2010) reported that GCA and SCA mean squares 

were significant for all studied wheat traits, except spike density and 

100-grain weight under normal and water stress conditions. They 

identified the parents of high GCA effects and the crosses with high 

SCA effects for the studied traits under water stress and non-stress 

conditions.   

Farshadfar et al. (2011) studied the type of gene action in wheat 

under drought for yield potential (Yp), stress yield (Ys), stress 

tolerance index (STI), leaf water potential (LWP), water use efficiency 

(WUE), evapotranspiration efficiency (ETE), relative water loss 

(RWL) and chlorophyll fluorescence (CHF). Their results indicated the 

involvement of additive and non-additive types of gene effects in 

controlling all agronomic and physiological characters except Ys, 

LWP, CHF and RWL.  
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Al-Naggar and Shehab-Eldeen (2012) showed that additive (a) 

was higher in magnitude than dominance (d) variance for wheat grain 

yield/plant (GY/P), while the opposite was true for days to heading 

(DTH), days to maturity (DTM) and leaf area (LA) under both water 

stress and non-stress conditions. The expected gain from selection 

based on heritability in narrow sense and 10 % selection intensity was 

32.4 % for (GY/P), 55% for (DTH) and 2.9 % for (DTM) under water 

stress. 

 EL-Hosary et al. (2012) found that the GCA/SCA ratio for 

studied of wheat traits, exceeded unity for Leaf temperature (LT), 

protein percentage, carbohydrate percentage, ash percentage and grain 

yield/plant under two irrigation treatments. 

Jatoi et al. (2012) reported that both GCA and SCA variances 

were significant for grains/spike, grain yield/plant and seed index in 

wheat under drought conditions, indicating the importance of additive 

and non-additive genes controlling these traits under both non-stress 

and water stress treatment. The degree of dominance was above unity 

(> 1.0) for productive tillers plant-1, spike length, spikelets spike-1, 

grains spike-1, grain yield plant-1 and seed index, indicating the 

importance of over-dominance type of gene action, whereas plant 

height exhibited less than unity degree of dominance in non-stress 

conditions, suggesting partial to near dominance action for this trait. 

Farshadfar et al. (2013) found that both GCA and SCA were 

significant for plant height (PH) and peduncle length (PL) of wheat 

under drought conditions, indicating the involvement of both additive 

and non-additive gene action in their inheritance. Relative water 
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content (RWC) and stomatal conductance (SC) indicated that non-

additive gene action was predominant in their inheritance.  

Rad et al. (2013) reported significant GCA and SCA variances 

for studied wheat traits. Non-additive gene effects were dominating 

over additive effects. Broad-sense heritability was high, but narrow-

sense heritability was low for the studied traits, confirming the 

importance of non-additive gene effects.  

4. Trait interrelationships under drought  

Because of the low efficiency of selection for a quantitative 

character like grain yield particularly under stress environments, wheat 

breeders need to identify alternative selection criteria, which may have 

a strong genetic association with yield, have a high heritability in the 

narrow sense and can be measured accurately in a large population 

(Manette et al., 1988).    

Grain yield of wheat is negativly associated with days to 

heading (Derera et al., 1969 and Gautam and Sethi, 2003). While, 

Fischer and Maurer, (1978) and Golabady and Arzani (2003) found 

that grain yield showed a positive and significant correlations with 

days to heading and days to maturity. Moreover, grain yield showed 

highly significant positive correlations with plant height, number of 

spikes/plant, number of kernels/spike and 100-kernel weight under 

both water stress and normal conditions (EL-Borhamy, 2000; Mahak et 

al., 2001; Gautam and Sethi, 2003 and Mohamed, 2004).  

Positive and significant correlation was observed between plant 

height and leaf area index (Jat and Dhakar, 2003). Berger and Planchon 
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(1990) showed highly significant negative correlations between plant 

height and leaf area duration. In addition, number of spikes/plant was 

negatively correlated with days to heading and days to maturity under 

water stress and normal conditions (Gautam and Sethi, 2003 and 

Mohamed, 2004) 

Grain yield of wheat showed highly significant positive 

correlations with net assimilation rate, leaf area index and leaf area 

duration under rainfed and well-watered conditions (Berger and 

Planchon, 1990; Tomar et al., 2002; Reddi and Patil, 2003 and Hassan, 

2005).  

Begg and Turner (1976) emphasized the importance of earliness 

in ensuring a good yield performance of wheat under water-stress 

conditions. They stated that development of early maturing types was 

considered as a basic drought escape mechanism for realizing a better 

match between water demand and water supply. 

Shearan et al. (1986) found that grain yield of wheat was 

positively and significantly correlated with plant height and grains per 

spike. They reported that cultivation under rainfall plant height and 

conditions may be based on 1000-grain weight and grains per spike.  

Ghandorah (1987) reported that grain yield in durum wheat was 

positively correlated with grain filling rate, grain filling duration and 

test weight, but inversely correlated with the duration of the vegetative 

period.  

The correlation coefficients among various wheat characters 

were calculated in F2 generation under irrigated and rainfed conditions 

by Dhanda and Sethi (1996). They noted that grain yield per plant was 
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positively associated with tillers per plant under both environments, 

and with number of grains per spike and 100-grain weight and early 

heading under rainfed. Days to heading and days to maturity had a 

poor correlation under both environments. 

Rana and Sharma (1997) showed that wheat grain yield was 

strongly positively correlated with grains per spike under both moisture 

stress and irrigated conditions. 

Afiah (1999) studied the associations among traits in some 

wheat crosses under desert conditions and found significant positive 

correlations between grain yield per plant and each of number of spikes 

per plant, number of grains per spike and 1000-grain weight.  

The phenotypic and genotypic correlations between grain yield 

and plant height were positive and significant for all crosses studied by 

Camargo et al. (2000). The correlations between bread wheat yield and 

its components in advanced generations under rainfed conditions were 

estimated by Singh et al. (2001) who found that 1000-grain weight was 

significantly and positively associated with grain yield. 

Afiah and Darwish (2003) estimated the simple correlation 

coefficients among agronomic traits for twenty six F5 and one F8 

bread wheat lines and two check varieties under rainfed conditions 

with supplemental irrigation conditions in Egypt (at Maryout, North 

Western Coast and Siwa Oasis saline soil). Significant correlation 

values were observed between all possible trait pairs except between 

number of spikes per plant and number of grains per spike under 

rainfed conditions. The most important association was between grain 

yield per plant and 1000-grain weight (0.8**) under Maryout rainfed 
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conditions. This indicated that such trait had a great influence on grain 

yield under the respective stress environment.  

Solomon et al. (2003) reported the analysis of simple 

correlation coefficients showed that the number of kernels per spike 

and 100-kernel weight had the greatest direct effects on grain yield 

under stress and non-stress conditions. The number of spikes per plant 

under the high moisture level was significantly correlated but 

negatively with grain yield because of its large indirect effect on 

number of kernels per spike and 100-kernel weight. 

Menshawy (2007a) mentioned that days to heading in spring 

wheat was significantly and positively correlated with days to maturity 

and grain filling rate and vice versa with grain filling period. He added 

that positive and significant relationship was found between days to 

heading and susceptibility index, suggesting that early genotypes are 

more tolerant to late planting. Moreover, he reported that days to 

maturity trait were positively correlated with grain filling rate and 

grain yield. Grain filling rate was highly significantly and positively 

correlated with grain yield. He concluded that this reflects the 

importance of grain filling rate on grain yield. 

Al-Naggar et al. (2012) reported that grain yield/plant was 

genetically correlated with number of spikes/plant in all studied crosses 

under both stress and non-stress conditions. This indicated that 

spikes/plant is important for the selection of plants with high tolerance 

to drought and is therefore considered as a good selection criterion for 

high yield under water stress, especially it showed high heritability in 

broad and narrow sense under both stress and non-stress conditions. 
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The importance of spikes/plant in addition to grain yield as selection 

criteria for drought tolerance in wheat was also reported by several 

investigators (e.g. Al-Naggar et al. 2007 b).  

Zafarnaderi et al. (2013) studied the association between grain 

yield and agronomic traits in bread wheat under water deficit. Their 

results indicated that number of grains per spike, thousand grain 

weights and number of fertile tillers were the most effective 

components of grain yield. They therefore concluded that, these traits 

could be used as important indices for selecting high yielding bread 

wheat genotypes. 

5. Molecular characterization of wheat genotypes via SSR analysis 

The introduction of molecular markers in plant breeding presented a 

valuable tool for the characterization of genetic materials. 

Traditionally, the assessment of  the genetic variation in crop plants 

has been conducted on basis of phenotypic and cytogenetic characters, 

which frequently lack the resolving power needed to identify 

individual genotypes (Teshale  et al., 2003 ). In the last decade, 

molecular markers such as RFLP, RAPD, ISSR and AFLP have been 

used to assess genetic variation at the DNA level, allowing the 

estimation of degree of relatedness between individuals without the 

influence of environmental variation (Gupta et al., 1999). 

Among different classes of molecular markers, SSR markers are 

useful in a variety of applications in plant genetics and breeding 

because of their reproducibility, multiallelic nature, codominant 

inheritance, relative abundance and good genome coverage. SSR 
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markers have been useful for integrating the genetic, physical and 

sequence-based physical maps in plant species, and simultaneously 

have provided breeders and geneticists with an efficient tool to link 

phenotypic to genotypic variation. 

       Simple sequence repeats (SSRs), also known as microsatellites, are 

molecular markers that have become available to researchers for 

general use (Quarrie et al., 2005). The use of SSR's is a common way 

to examine and detect polymorphisms in wheat. Simple sequence 

repeats are very informative due to their co-dominant nature. 

Additionally, they contain more allelic diversity per marker (Chao et 

al., 2009), and they have higher mutation rates than other marker types 

(Thuillet, 2002).  SSRs continue to be the main marker type for QTL 

studies in wheat, either alone or in combination with other types of 

markers. 

Quarrie et al. (2003) determined the alleles at 47 microsatellite 

(SSR) loci and allelic variation tested for association with phenotypic 

variation in wheat. Highly significant allele associations with flowering 

date and stem height were identified with SSR loci close to 

photoperiod (Ppd) and vernalisation (Vrn) genes and the major 

dwarfing gene (Rht-D1). A highly signicant allele association with 

flowering date was also found on chromosome 6D with SSR psp3200. 

This appears to be a new region found to regulate flowering time. In a 

subset of the genotypes, one marker, psp3071, on chromosome 6AL 

showed significant association with yield under drought. The yield 

component most associated with this effect was thousand grain weight. 

They were used this information on allele associations to make 
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selected crosses to initiate programmes of breeding for improved 

drought resistance. 

El-Maghraby et al. (2005) indicate that level of SCA and 

heterosis depends on the level of genetic diversity between the wheat 

genotypes examined. Microsatellite markers were effective in 

predicting the mean and the variance of SCA in various cultivars 

combinations. However, selection of crosses solely on microsatellite 

data would miss superior combinations. 

Salem et al. (2008) revealed that genotypes differ for 

morphological characters and SSR markers. The average genetic 

diversity based on morphological characters (23.49 with a range of 

8.51-38.46) was higher than SSR markers (0.53 with a range of 0.42-

0.63). Their results suggested that the classification based on 

morphological characters and genotypic markers of these wheat 

genotypes will be useful for wheat breeders to plan crosses for positive 

traits. The results obtained suggested that the wheat microsatellite 

primers can be used to distinguish all genotypes used and to estimate 

their genetic diversity. Hence, the identification of genetic diversity 

between varieties should be a good tool for selecting these varieties in 

breeding programs. As a result of this study, genetically diverse 

parents can be identified, increasing the usefulness of varieties 

collections by broadening the genetic base of wheat varieties. This 

study also indicates that microsatellite markers permit the fast and high 

throughout fingerprinting of accessions from a varieties collection in 

order to assess genetic diversity. 

Ciucă and Petcu (2009) found that SSR molecular markers in 
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wheat are weakly but significantly associated with cell membrane 

stability after water stress, and concluded that these markers can be 

used for increasing the frequency of progenies with better performance 

under drought conditions. 

Dejan et al. (2010) showed that over 96 % of the total variation 

could be explained by the variance within the drought tolerance and 

geographical groups. As a whole, genetic diversity among the high 

drought tolerance genotypes was considerably higher than that among 

low drought tolerance genotypes. Comparative analysis of SSR 

diversity among six regional groups revealed that the genotypes from 

North America exhibited more genetic diversity than those from other 

regions. 

Wei et al. (2010) reported that nineteen SSRs were significantly 

associated with plant height under drought and well-watered 

conditions, respectively (P < 0.01), including 9 common markers, viz., 

Xbarc125 (7D), Xbarc168 (2D), Xgwm126 (5A), Xgwm130 (2B), 

Xgwm212 (5D), Xgwm285 (3B), Xgwm495 (4B), Xgwm95 (2A), and 

Xwmc396 (7B). The alleles of Xgwm285-220, Xgwm495-181, 

Xbarc125-167, and Xgwm212-99 were elite alleles for reducing plant 

height. 

Abd El-Hadi (2012) used twenty RAPD and ten ISSR primers to 

identify the genetic markers related to drought tolerance and 

differences on a molecular level among three durum wheat cultivars 

and their six selected drought tolerant lines that resulted in the fourth 

irradiated generation (M4). The total number of amplicons detected By 

RAPD and ISSR was 198 and 99, while the number of polymorphic 
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amplicons was 73 and 70, respectively. The level of polymorphism 

among the 9 durum wheat genotypes as revealed by RAPD and ISSR 

was 36.8 and 71.42 %, respectively. RAPD and ISSR detected 22 and 

27 unique positive and negative markers, respectively. The highest 

number of RAPD genotype-specific markers was generated for primer 

OP-E08 (seven markers), while ISSR primer 844B generated the 

highest number of cultivar-specific markers (five markers). RAPD and 

ISSR analysis showed one and four genotype-specific markers, 

respectively, for the drought tolerant putative line S3 that has a high 

significant increase in grain yield per plant than its parents under 

drought stress conditions. Thus, these bands can be verified as makers 

associated with drought tolerance in durum wheat genotypes and could 

help in breeding programs aiming at improving wheat productivity 

under adverse environmental conditions.  

Bousba et al. (2012) indicated that durum wheat landraces were 

relatively earlier and relatively taller than the improved varieties. High 

levels of polymorphism were recorded for SSR markers were used in 

his study. A total of 136 fragments were obtained from the 26 SSR 

primers and all the bands were polymorphic across all the genotypes 

screened, most of them were polymorphic. The polymorphism 

information content (PIC) values ranged from 38 % to 94%, with an 

average of 74%. These findings provide basis for future efficient use of 

these molecular markers in the genetic analysis of durum wheat and 

new strategies could be developed to safeguard and improve our 

germoplasm for drought tolerance. 

Suhas et al. (2012) identified 19 genes for drought tolerance in 
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wheat and other cereals but they are not used directly as marker for 

screening the drought tolerant genotypes. Five SSR markers from these 

drought tolerance genes will help easily identify the genotype for 

drought tolerant. 

Munir et al. (2013) reported that genetic similarity coefficients 

based on RAPD marker data ranged from 0.38 to 0.95. RAPD primer 

OPA 2 produced a unique fragment of 1000 bp, whereas OPF 13 

generated two fragments of 1200 bp and 1400 bp only in some tolerant 

genotypes. Genetic similarity coefficients for SSR markers ranged 

from 0.45 to 0.95. Both RAPD and SSR markers revealed genetic 

variation in the studied genotypes. The salt tolerant landraces identified 

in his study could be used as parents to incorporate salt tolerance in 

future wheat cultivars. The unique DNA fragments observed in his 

study should be further investigated in segregating populations to 

determine their usefulness in Marker assisted selection for salt 

tolerance in wheat. 
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MATERIALS AND METHODS 

This investigation was carried out during the four successive 

wheat growing seasons 2008 / 2009 through 2011 / 2012 at the 

Experimental Farm of the Plant Research Department, Nuclear 

Research Center, Inshas, El-Sharkyia Governorate (The latitude and 

longitude of the experimental  site are 30o 24` N and 31o 35` E, 

respectively, while the altitude is 20 m above the sea level). 

MATERIALS 
Seven genotypes of bread wheat (Triticum aestivum L.), Sids-4, 

Sakha-61, Aseel-5, Sakha-93, Giza-168, Sahel-1 and the line Maryout-

5 were used in the present study. Name, pedigree, origin and important 

traits of these genotypes are presented in Table (1). 
Table 1. Pedigree and the most important traits of the studied wheat genotypes.  

Genotypes Desig 
nation Pedigree Origin Important 

        trait 
Sids-4 Sd-4 Maya"S"Mon"S''/CMH74.A592/3/Sakha8 ARC – Earliness 

cv.     X2SD10002-140sd-3sd-1sd-0sd Egypt  

Sakha-61 Sk-61 Lina/RL4220//7c/Yr"S“CM 15430-25-55-0S-0S ARC – Earliness 
cv.      Egypt  

Maryout-5 Mr-5  Giza 162 // Bch’s /4/ PI-ICW 79Su511Mr- DRC – High 
yielding 

Line  38Mr-1Mr-0Mr Egypt and 

        Salt 
tolerant 

Aseel-5 As-5 BIG INC 08 104 ICARDA Drought 
cv.        - Syria tolerant 

Sakha-93 Sk-93 Sakha 92/ TR 810328 S8871-1S-2S-1S-0S ARC – High 
cv.      Egypt yielding 

Giza-168 Gz-
168 Mrl / Buc // Seri CM 930468M-0Y-0M-2Y-0B ARC – High 

cv.      Egypt yielding 

Sahel-1   Sah-1 NS 732 / PIMA // VEERY "S" ARC – Drought 
cv.      Egypt tolerant 

ARC = Agricultural Research Center, DRC = Desert Research Center, ICARDA = International 
Center for Agricultural Research in the Dry Areas,  cv. = cultivar. 
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Experimental procedures 

First season (2008/2009) 

1. Preliminary experiment (Testing radiosensivity of the wheat 

genotypes under greenhouse conditions): Fresh air-dried seeds 12 

% moisture content from each of the seven wheat genotypes used in 

the present study were treated with nine different doses of gamma 

rays i.e. 0, 100, 150, 200, 250, 300, 350, 400 and 450; GY, 10 GY = 

1 Krad, in order to indentify the proper radiation dose for useful 

mutation induction. Irradiation treatments were achieved by Co60 

Gamma unit which delivered 20000 GY per hour. Exposure time 

was adjusted to achieve previous doses. The source of irradiation is 

installed at the Nuclear Research Center, Inshas, Egypt. The effect 

of different doses of gamma radiation doses on mean seedling 

height of all seven genotypes grown in three replicates in plastic 

containers with 120 grains per treatment was studied after 14 days 

of sowing. The proper dose for the induction of useful mutations in 

cereals is that causing 30-50 % reduction in seedling growth in 

laboratory tests (Konzak and Mikaelsen, 1995).  

2. Making the diallel crosses (among 6 parents): The six genotypes, 

viz.  Sids-4 (P1), Sakha-61 (P2), the line Maryout-5 (P3), Aseel-5 (P4),  

Sakha-93 (P5) and Giza-168 (P6) presented in Table (1) chosen as 

parents for the diallel crosses were grown in 2008/2009 season at 

the Experimental Farm of the Plant Research Department, Nuclear 

Research Center, Inshas. All possible diallel crosses (excluding 
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reciprocals) were made among the six parents, to obtain seeds of 15 

direct F1 crosses. 

Second season (2009/2010): 

1. Producing M2 seeds: Seeds of each of the seven parents irradiated 

with the selected dose of gamma ray (350 GY) were immediately 

sown on 20 Nov., 2009 at the Experimental Farm of Plant Research 

Department, Nuclear Research Center, Inshas in separate plots to 

obtain M1 plants of each bulk. Each plot consisted of 30 rows; each 

row was 4 m long and 30 cm wide. Spaces between each two plants 

were 10 cm in each row. The plants were left for natural self 

pollination. At harvest, ten kernels were taken randomly from each 

M1 plant (M2 seed). The 10 M2 kernels from each plant of each bulk 

were blended to represent seed of the respective M2 bulk. These 

seeds of M2 bulks were kept for use in experiments of the third 

season (2010/2011). The recommended cultural practices for wheat 

production at Inshas were followed in M1 generation. 

2. Field evaluation of 15 F1
’s and their 6 parents: F1 seeds from each 

of the 15 crosses as well as their six parents were sown in the field 

under well watered conditions in a randomized complete block 

design (RCBD) with three replications. Each  plot consisted of 2 

rows, 3 m long and 30 cm wide; with hills paced 10 cm a part (plot 

size =  1.8 m2 ). At maturity F2 seeds of each cross were separately 

harvested. The soil at the experimental site was sandy to loamy sand 

(Table 2).  
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Table 2. Physical analysis of the soil at the experimental site of this study. 
Depth of soil sample 

 
Sand  

% 
Silt  
% 

Clay  
% 

Soil texture 
 

1 - 25 cm 67.0 17.8 5.2 Loamy sandy  

25 - 50 cm 97.2 1.8 1.0 Sandy 

Third season (2010/2011): 

1. Field evaluation of the 7 M2
’
s and 7 P’

s: A field experiment 

including 7 M2 bulks and 7 parents (14 entries) was conducted in a 

split-plot design with randomized complete blocks arrangement in 3 

replications. Main plots were assigned to the two irrigation regimes 

(water-stress and well-watering) and sub-plots were assigned to the 

14 genotypes. Two irrigation treatments (starting from 21 days after 

sowing) were used, viz., irrigation every 5 days (well-watering; 

WW) and irrigation every 15 days (water-stress; WS). Where total 

quantity of irrigation water for WS was 70 % of that for WW. Each 

sub  plot consisted of 6 rows, 3 m long and 30 cm wide, with hills 

spaced 10 cm apart (plot size =  5.4 m2 ).  

 2. Field evaluation of the 15 F2
’
s and their 6 parents: A second field 

evaluation experiment to evaluate 15 F2
’
s and their 6 parents was 

conducted in the same season in a split-plot design in a randomized 

complete blocks arrangement with 3 replications. Main plots were 

assigned to the two irrigation regimes (stress and non-stress) and 

sub-plots were assigned to the 21 genotypes. Irrigation regimes and 

experimental plots were similar to those used in the previous 

experiment.  
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3. Practicing selection: Individual plant selection, using ca 1 % 

selection intensity was practiced in the same season (2010/2011), in 

both experiments, i.e., in the 15 F2
’s and 7 M2

’s for grain/yield plant 

and some other favorable traits, such as spike length, spike weight, 

spikes/plant, earliness, glaucousness…etc., under water stress and 

non-stress conditions. One hundred and sixty two individual plant 

selections were separately harvested (53 from M2 and 109 from F2 

populations) (Table 3). 

Table 3. Number of putative mutants selected from M2 populations resulting 
from irradiation of some wheat cultivars and transgressive 
segregants selected from F2 populations of diallel crosses among 
these cultivars under water stress (WS) and well watering (WW) 
conditions in 2010/2011 season. 

No. of putative  No. of transgressive      
mutants segregants M2 bulks 

WS WW Total 
F2 cross 

WS WW Total 
Sd-4 (I) 3 6 9 Sd-4 X Sk-61 5 3 8 
        Sd-4 X Mr-5 3 3 6 
Sk-61 (I) 3 3 6 Sd-4 X As-5 3 3 6 
        Sd-4 X Sk-93 4 4 8 
Mr-5 (I) 3 5 8 Sd-4 X Gz-168 3 3 6 
        Sk-61 X Mr-5 3 4 7 
As-5 (I) 3 7 10 Sk-61 X As-5 6 3 9 
        Sk-61 X Sk-93 3 3 6 
Sk-93 (I) 3 3 6 Sk-61 X Gz-168 4 3 7 
        Mr-5 X As-5 4 4 8 
Gz-168 (I) 3 3 6 Mr-5 X Sk-93 4 7 11 
        Mr-5 X Gz-168 3 3 6 
Sah-1 (I) 3 5 8 As-5 X Sk-93 6 3 9 
        As-5 X Gz-168 3 3 6 

        Sk-93 X Gz-168 3 3 6 
Total 21 32 53 Total 57 52 109 

 

Fourth season (2011/2012)  

1. Field evaluation of selections and their parents: A field 

experiment was conducted to compose the selected individual 
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genotypes with their parents. The experimental design used was a 

split-plot in a balanced lattice (13x13) arrangement with three 

replications. Main plots were assigned to two irrigation regimes and 

sub-plots were devoted to 169 genotypes (162 selections + 7 

parents). Each plot consisted of 4 rows, 2.25 m long and 30 cm 

wide; with hills spaced 10 cm a part (plot size = 2.7 m2). 

  Rainfall precipitation during the evaluation experiments 

(2010/2011 and 2011/2012) is presented in Table (4). Rainfall in both 

seasons was very light and intermittent with a total precipitation of 10.3 

and 13.9 mm for the two seasons, respectively, suggesting that rainfall 

during the stress period was of negligible influence on moisture 

content of the experimental soil.  Moreover, temperature was slightly 

lower in 2011/2012 season as compared with 2010/2011 season, except  

 Table 4. Rainfall precipitation (mm) and temperatures during 2010/2011 and 
2011/2012 seasons at Inshas, Egypt. 

 Temperature 0C Rainfall  (mm) 
2010/2011 2011/2012 Month Period 

2010/2011 2011/2012 low  high  low  high  
Oct. 1 - 15  0.0 0.0 22 33 21 31 
  16 - 31 0.0 0.0 21 31 18 27 
Nov. 1 - 15  0.0 4.9 18 28 15 24 
  16 - 30 0.0 4.1 16 26 13 20 
Dec. 1 - 15  0.0 0.0 13 22 11 20 
  16 - 31 0.3 0.0 12 22 10 19 
Jan. 1 - 15  3.1 0.3 11 19 9 17 
  16 - 31 0.5 2.6 12 20 9 18 
Feb. 1 - 15  0.4 0.0 13 20 9 19 
  16 - 28 0.3 1.0 13 22 10 19 
Mar. 1 - 15  0.0 0.8 11 22 12 21 
  16 - 31 0.0 0.0 13 25 11 21 
Apr. 1 - 15  5.4 0.2 15 26 17 31 
  16 - 30 0.3 0.0 18 28 16 29 
Total   10.3 13.9       

http://www.wunderground.com 
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for the 1st half of April 2011/2012, where it was higher by 5 degrees 

than that of 2010/2011 season (Table 4). 

Data recorded in the field experiments 

Data in the field were recorded on the following traits:  

1. Days to 50% heading (DTH): Number of days from sowing 

date to the date at which 50% of main spike awns/ plot have 

completely emerged from the flag leaves. 

2. Days to 50% anthesis (DTA): Number of days from sowing 

date to anthesis of main spike of 50% of plants/plot.  

3. Days to 50% physiological maturity (DTM): Number of days 

from sowing date to the date at which 50% of main peduncles / 

plot have turned to yellow color (physiological maturity). 

4. Plant height (PH) in cm: Measured as plant length from the 

soil surface to the tip of the spikes, excluding awns. 

5. Spike length (SL) in cm. 

6. Spikes / plant (SPP): Number of fertile spikes per plant  

7. Grains / spike (GPS): Number of grains per spike. 

8. Spike weight (SW) in g.   

9. 100-grain weight (100GW) in g: Measured as weight of 100 

grains taken from each guarded plant. 

10. Grain yield / plant (GYPP) in g: Measured as weight of the 

grains of each individual plant. 

  Data on traits No. 4 through 10 were measured on 10 individual 

plants/ plot for F1
's and parents and 27 individual plants/plot for F2

's, 

M2
's and parents. Data on other traits (No. 1, 2 and 3) were measured 

on a per plot basis. 
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Biometrical and genetic analyses: 

1. Data of F1
,
s and parents under well watering: 

Data of the 1st F1 diallel (15 F1
'
s and 6 parents) recorded under 

irrigation were subjected to the normal analysis of variance for 

randomized complete blocks design according to Snedecor and 

Cochran (1989). Genotypes degrees of freedom were partitioned into 

parents, crosses and parents vs. crosses (Table 5). The least significant 

differences (LSD) between means were estimated according to 

Snedecor and Cochran (1989). 

Table 5. Form of partitioning the degrees of freedom of genotypes (F1
’s and 

parents)   
    S.V. d.f. 
    Reps. (r – 1) �  2 
   Genotypes (g – 1) �  20 
       Parents (P) (p – 1) �  5 
       Crosses (C) (c – 1) �  14 
       P vs C 1 
   Error (r – 1) (g – 1)  �  40 
r � No. of replications, g � No. of Genotypes, P � No. of parents   c � p (p-1)/2  = No. of crosses 

Heterobeltiosis 

Percentages of F1 relative to the better parent (heterobeltiosis) 

for studied traits of the F1 diallel were calculated as follows: 

Heterobeltiosis (%) = 100 (F1– BP)/BP,  

Where: F1 = mean of the F1 cross. 

             BP = mean of the better parent. 

Applying Griffing's analysis to the F1 diallel crosses 

General (GCA) and specific (SCA) combining ability variances 

and effects in F1
’s were estimated for all studied traits under well 
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watering according to Griffing (1956) Method 2 Model I. Although the 

parental material is fixed samples, they will be considered here as 

random variable for the purpose of calculating components of genetic 

variances using method 2 model II of Griffing (1956). Conclusion will 

be applied to these base populations and will not be generalized due to 

sampling effect.  

Estimates of both general (δ2
g) and specific (δ2

s) combining 

ability variances were calculated according to Griffing (1956) as 

shown in Singh and Chaudhary (1985) as follows: 

SS due to GCA = 1/P+2 *[Σ (Xi. + Xii) 2 – 4/p X2..] 

SS due to SCA = Σi. ≤ Σj X2
ij – 1/ p+2 Σi (Xi. + Xii)2 + 2/(p+1)(p+2) X2 

The GCA effect for parent i (ĝi) and the specific combining ability 

effects for a cross ij (Ŝij) were estimated as follows: 

ĝi  = 1/P+2 * [Σ (Xi. + Xii)- (2/p) X..] 

Ŝij = Xij - 1/P+2 * [ΣXi. + Xii  + Xj. + X jj)] + [2/(p+1)(p+2)] X.. 

Standard errors (SE) for effects and differences between effects were 
calculated as follows: 

SE (ĝi) = [(P-1) δ2
e / P (P+2)] ½      

SE (Ŝij) = [2(P-1) δ2
e / (P+1)(P+2)] ½             

SE (ĝi- ĝj) = [2δ2
e / (P+2)] ½ 

SE (Ŝij - Ŝik) = [2 (p+1) δ2
e / (P+2)] ½      

SE (Ŝij - Ŝkl) = [2Pδ2
e / (P+2)] ½      

Where: 

P: is the number of parents. 

Xi: is the sum of the means of a common parent (i) and its crosses. 
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Xii: is the mean of the parent (i). 

X..: is the sum of the mean of all genotypes. 

X.j: is the sum of means of a common parent (j) and its crosses. 

Xjj: is the mean of the parent (j). 

δ2
e: is the error mean square for the randomized complete block 

design. 

Table (6) shows the partitioning of degrees of freedom of 

genotypes into general (GCA) and specific (SCA) combining ability as 

well as the expectation of each mean square. 

 Table 6. Form of partitioning degrees of freedom into general (GCA) and 
specific (SCA) combining ability for Method 2 Model I of Griffing 
(1956) and expectation of mean squares (EMS). 

S.V. d.f.   Expected mean squares 
Genotypes   (g-1) = 20    
    GCA  (p-1) = 5 Mg  δ2

e + rδ2
S + r(p + 2)δ2

g 
    SCA  [p(p-1)]/2  = 15 Ms  δ2

e + rδ2
S 

Error  (r-1)(g-1)  = 40 Me  δ2
e  

Where g = No. of genotypes, p = No. of parents and r = No. of replicates. 

Estimating the variance components in F1 generation:  

The genotypic (δ2
G), additive (δ2

A), dominance (δ2
D) and phenotypic 

(δ2
ph) variances were calculated as follows: 

δ2 A = 2δ2
g ,  

δ2
D = δ2

S ,  

δ2
G = δ2

A+δ2
D ,  

and δ2
ph = δ2

G + (δ2
e/r) + (2δ2

g/r) + (δ2
s/r), where δ2

e = pooled error variance 

Average degree of dominance "a" was calculated by the following 

equation:  "a" = [2 δ2
D/ δ2

A]1/2 
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The estimates of the average degree of dominance "a" were used to 

indicate the type of dominance, as follows: 

         "a" =  0 indicates no dominance,  

"a" <  1 indicates partial dominance,  

"a" =  1 indicates complete dominance and  

          "a" >  1 indicates over dominance 

Estimating heritability and genetic advance from selection in F1
’s 

Heritability in the broad (h2
b) and narrow (h2

n) sense in F1
’s were 

estimated from the following formulae: 

h2
b = 100 (δ2

G/δ2
ph)   and h2

n = 100 (δ2
A/δ2

ph) 

 The expected genetic advance from selection in F1
’s was calculated as 

follows:  

GA = 100 h2
n k δph / x   

Where:  

hn
2 = Heritability in the narrow sense, 

δph = Phenotypic standard deviation,  

k = Selection differential (the k value for 1 % selection intensity) equals 

(2.64).  

x = Mean of the respective cross. 

2. Data analysis of F2
's, M2

's and selections under well and stress 
watering 

The collected field data of F2’s, M2
’s and selections were 

subjected to the normal analysis of variance of the split-plot design 

according to Snedecor and Cochran (1989). Data on F2
's and M2

's were 

further analyzed under each irrigation regime as randomized complete 

block design RCBD to estimate genetic parameters. Least significant 
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differences (LSD) were estimated according to Snedecor and Cochran 

(1989). 

a. Data on F2   crosses 

 Applying Griffing's approach to the F2 diallel cross 

General (GCA) and specific (SCA) combining ability variances 

and effects were estimated for all studied traits of F2
’s under water 

stress and well watering conditions according to Griffing (1956) Model 

I (fixed model) Method 2. Again, although the parents are a fixed 

sample, they will be considered here as random variable for the 

purpose of calculating components of genetic variances using model II 

(random model) method 2. Conclusions will all be applied to these 

base populations and will not be generalized due to sampling effect. 

Estimates of both GCA and SCA variances and effects 

including standard error, variance components, degree of dominance,  

heritability in the broad (h2
b) and narrow (h2

n) sense and expected genetic 

advance (GA) from selection of the F2
’s were  estimated by the same 

manner of those of F1
's. The predicted statistics for F2 generation are of 

the same form as those of F1, except that contribution of dominance effect 

is halved by one generation of inbreeding and thus dominance variance is 

¼ of those of the F1 statistics (Singh and Chaudhary, 2000). 

Estimating genotypic and phenotypic variances of each F2  

Genotypic (δ2
g) and phenotypic (δ2

ph) variances of each of the 

studied F2 crosses were estimated separately. Phenotypic variance of each 

parent was considered as environmental variance according to (Shin 1968), 

while that of the F2 cross was assumed to include both genetic (δ2
g) and 
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environmental (δ2
ph) variances. Therefore, δ2

g of each F2 cross was 

calculated using the formula: δ2
g of  F2 = δ2

ph of  F2 – (δ2
ph of  P1 + δ2

ph of  P2)/2 

Estimating h2
b and GA for each F2 

Heritability in the broad sense (h2
b) for each F2 was estimated as 

follows: h2
b = 100 (δ2

G/δ2
ph)    

Expected gain from selection (GA) for each F2 was estimated using h2
b 

as follows: GA = 100 h2
b k δph / x, where k = 2.64 for the 1 % selection 

intensity used in this study. 

b. Data on M2 generation 

Estimation of genotypic (δ2
g) and phenotypic (δ2

ph) variances in each M2     

Genotypic and phenotypic variances of each bulk (M2 generation) 

were estimated separately. According to Shin (1968) phenotypic variance 

(δ2
ph) of untreated plants of each cultivar was considered as environmental 

variance (δ2
ph), while that of each treated bulk was assumed to include both 

genetic (δ2
g) and environmental (δ2

ph) variances. Therefore, δ2
g of each M2 

bulk was calculated as follows: 

 δ2
g of M2 = δ2

ph of M2 – (δ2
ph of the corresponding parent). 

Estimation of genotypic (GCV) and phenotypic (PCV) coefficients of 
variation in each M2 

The following equations (proposed by Burton, 1952) were used to 

estimate genotypic (GCV) and phenotypic (PCV) coefficients of variations, 

as follows: 

GCV = (δg / x) 100,      PCV = (δph / x) 100 

Where:  

x = Mean of the respective M2 population (bulk). 
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Estimation of heritability (hb
2) in each M2 

Broad-sense heritability (hb
2) was estimated by the following 

formula: h2
b = 100 δ2

g / δ2
ph 

Estimating expected genetic advance from selection (GA) in each M2 

The expected genetic advance (GA) from selection was calculated 

in each M2 (Singh and Chaudhury, 2000) as follows:  

GA = 100 h2
b k δph / x,  

Where k = 2.64 for 1 % selection intensity used in this study. 

 Correlation between traits 

Simple correlation coefficients were calculated between pairs of studied 

traits under non-stress conditions in F1 and under water stress and non-stress 

conditions in M2 and F2 generations according to Singh and Narayanan (2000). 

Laboratory experiment (SSR Molecular characterization of 
selections)  

 SSR analysis was used in the present study to investigate the 

genetic diversity among 12 selections (7 putative mutants and 5 

transgressive segregants) and their 7 parents and to identify markers 

associated with drought tolerance. This experiment was carried out in 

the Molecular Genetics Laboratory, Plant Research Department, 

Nuclear Research Center, Inshas, Egypt. 

Procedure of DNA extraction  

Extraction of DNA was carried out according to Doyle and 

Doyle (1987) and Sumar et al. (2003).Young green leaves from each 

genotype were collected from ten days-old seedlings germinated from 

seeds of each genotype and quickly frozen in liquid nitrogen and then 
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ground using mortar and pestle. The extraction buffer was preheated to 

65°C in a water bath. The frozen powder (100-120 mg) was transferred 

to 2 ml eppendorf tubes using a self-made spatula from filter paper 

dipped into liquid nitrogen. The preheated extraction buffer of 500 µl 

was added to each tube with 10 µl of RNase (100mg/ml), mixed well 

by vortex and incubated at 65°C for 30 min in water bath. Samples 

were mixed well by vortex and returned to water bath twice in the 

course of these 30 minutes. The solution was left to cool down at room 

temperature, then 300 µl of 6M ammonium acetate, stored at 4°C, was 

added. The samples were mixed well by vortex and then kept for 15 

minutes (at 4°C). The tubes were centrifuged at 13,000 rpm for 5 

minutes at room temperature. The supernatants (the upper aqueous 

solution of approximately 700µl) were transferred to new microfuge 

tubes and 50 µl CTAB were added to each tube and mixed gently. 

Seven hundred µl chloroform- isoamylalcohol (24:1) were added and 

the tubes were swirled or inverted gently to avoid mechanical damage 

of to the DNA. Samples were centrifuged at 13,000 rpm for 5 minutes. 

The upper aqueous supernatant was transferred to new eppendorf tube. 

This upper phase contains the DNA. Two thirds volume of ice-cold 

isopropanol (~500 µl) was added to the eppendorf tube which 

contained the DNA. Tubes were inverted gently to avoid mechanical 

damage to the DNA and the DNA was allowed to precipitate for 15 

min at -20°C or left standing on ice for 30 minutes. The samples were 

centrifuged for 20 minutes at maximum speed (13,000 rpm) in order to 

pellet the DNA. The DNA pellets should now be visible. The liquid 

was drained carefully, 1000 µl 70% ethanol was added and left for 3 
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minutes. Centrifuge was applied for 10 minutes at 10,000 rpm. The 

alcohol was drained and 1000 µl of 90% ethanol was added, 

centrifuged at 10,000 rpm for 10 min and the alcohol was drained and 

the pellet remaining at the bottom of the centrifuge tube was dried. 

Pellet in 100 µl TE was re-suspended and left to dissolve at 4°C in the 

refrigerator for at least 30 minutes. The un-dissolved cellular debris 

was spun down by centrifuging the tube for 10 min at 13,000 rpm. The 

supernatant was transferred into a new tube and stored at 4°C for 

immediate use or at -20°C for long term storage.  

Detection of polymorphism among wheat genotypes  

      The polymorphism among the 12 selections (7 putative mutants 

and 5 transgressive segregants) and their 7 parents was detected based 

on SSR analysis. These selections represent drought tolerant and high 

yielding M3 and F3 families.  

A set of fifteen random primers (Table 7) chosen according to 

Bousba et al. (2012) among the publicly available sets catalogued in 

the Grain Genes database (http://wheat.pw.usda.gov) as WMC (Xwmc) 

and as described by Roider et al. (1998) for WMS (Xgwm), specialized 

for Triticum aestivum and used for screening drought tolerance was 

used in the detection of polymorphism among the nineteen wheat 

genotypes. These primers were synthesized by BioShop® Canada Inc. 

Polymerase chain reaction (PCR)  

The PCR master mix for simple sequence repeat (SSR) primers 

consisted  of 2 µL of 20 ng / µL  genomic  DNA  template, 0.40  µL  of 
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Table 7. Description of the SSR loci used in this study.  
No. Primer Sequence 
1 WMS 06 F : 5 - CGT ATC ACC TCC TAG CTA AAC TAG - 3 
  R : 5 - AGC CTT ATC ATG ACC CTA CCT T - 3 
2 WMS 30 F : 5 - ATC TTA GCA TAG AAG GGA GTG GG - 3 
  R : 5 - TTC TGC ACC CTG GGT GAT TGC - 3 
3 WMS 108 F : 5 - ATT AAT ACC TGA GGG AGG TGC - 3 
  R : 5 - GGT CTC AGG AGC AAG AAC AC - 3 
4 WMS 118 F : 5 - GAT GGT GCC ACT TGA GCA TG - 3 
  R : 5 - GAT TG TCA AAT GGA ACA CCC - 3 
5 WMS 149 F : 5 - CAT TGT TTT CTG CCT CTA GCC - 3 
  R : 5 - CTA GCA TCG AAC CTG AAC AAG - 3 
6 WMS 169 F : 5 - ACC ACT GCA GAG AAC ACA TAC G - 3 
  R : 5 - GTG CTC TGC TCT AAG TGT GGG - 3 
7 WMC 177 F : 5 - AGGGCTCTCTTTAATTCTTGCT - 3 
  R : 5 - GGTCTATCGTAATCCACCTGTA - 3 
8 WMC 179 F : 5 - CATGGTGGCCATGAGTGGAGGT - 3 
  R : 5 - CATGATCTTGCGTGTGCGTAGG - 3 
9 WMS 198 F : 5 - TTG AAC CGG AAG GAG TAC AG - 3 
  R : 5 - TCA GTT TAT TTT GGG CAT GTG - 3 
10 WMC 235 F : 5 - ACTGTTCCTATCCGTGCACTGG - 3 
  R : 5 - GAGGCAAAGTTCTGGAGGTCTG - 3 
11 WMS 304 F : 5 - AGGAAACAGAAATATCGCGG - 3 
  R : 5 - AGG ACT GTG GGG AAT GAA TG - 3 
12 WMC 307 F : 5 - GTTTGAAGACCAAGCTCCTCCT - 3 
  R : 5 - ACCATAACCTCTCAAGAACCCA - 3 
13 WMC 322 F : 5 - CGCCCCACTATGCTTTG - 3 
  R : 5 - CCCAGTCCAGCTAGCCTCC - 3 
14 WMS 375 F : 5 - ATTGGCGACTCTAGCATATACG - 3 
  R : 5 - GGGATGTCTGTTCCATCTTAGC - 3 
15 WMC 445 F : 5 - AGAATAGGTTCTTGGGCCAGTC - 3 
  R : 5 – GAGATGATCTCCTCCATCAGCA - 3 
F = Forward,     R = Reverse  
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10µM a forward and reverse primer mixture, 0.18µL (0.9 U) of Taq 

polymerase, 1.20 µL of 10X buffer (10 mM Tris-HCL, 50 mM KCl, 

1.5 53 mM MgCl2, pH 8.3), 0.96 µL of a 100 µM mixture of dNTPs 

and 7.26 µL of water bringing the total reaction volume to 12 µL.  

Reaction  conditions  for SSR markers were as follows: 8.33 µL 

ddH20, 2.4 µL 10X reaction buffer, 0.9 µL 50mM MgCl2, 1.92 µL 

2.5mM dNTPs, 1.9 µL 1pM of 19bp M-13. 

The PCR master mix for sequence-tagged site (STS) was carried 

out in a volume of 20 µl and contained 200 ng of genomic DNA, 0.2 

mM of dNTPs, 10 pmol of each primer, 2.0 mM of MgCl2, 50 mM of 

KCl, 10 mM of Tris-HCl (pH 9.0 at 25 °C), 0.1% TritonX-100 and 0.5 

U of Taq DNA Polymerase 

The amplification products were resolved by electrophoresis in 

a 1.5% agarose gel containing ethidium bromide (0.5ug/ml) in 1X TBE 

buffer at 95 volts. PCR products were visualized on UV light and 

photographed using a Polaroid camera. Amplified products were 

visually examined and the presence or absence of each size class was 

scored as 1 or 0, respectively.  

Genetic similarities based on SSR analysis  

  The banding patterns generated by SSR-PCR marker analysis 

were compared to determine the genetic relatedness of the genotypes. 

Clear and distinct amplification products were scored as ‘1’ for 

presence and ‘0’ for absence of bands. Bands of the same mobility 

were scored as identical. The genetic similarity coefficient (GS) between 

two genotypes was estimated according to Dice coefficient (Sneath and 
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Sokal, 1973) as follows: Dice formula: GSij = 2a/(2a+b+c).Where GSij 

is the measure of genetic similarity between individuals i and j, a is the 

number of bands shared by i and j, b is the number of bands present  in 

i and absent in j, and c is the number of bands present in j and absent in i. 

Cluster analysis based on SSR  

The similarity matrix was used in the cluster analysis. The 

cluster analysis was employed to organize the observed data into 

meaningful structures to develop taxonomies. At the first step, when 

each accession represents its own cluster, the distances between these 

accessions are defined by the chosen distance measure (Dice 

coefficient). However, once several accessions have been linked 

together, the distance between two clusters is calculated as the average 

distance between all pairs of accessions in the two different clusters. 

This method is called unweighted pair group method using arithmetic 

average (UPGMA) according to (Sneath and Sokal, 1973). 
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 RESULTS AND DISCUSSION 

1. Experiment One (Radiosensitivity of 7 Wheat Genotypes) 

 Seedling length of irradiated seed with gamma rays is a simple 

and quick method to determine the proper dose to be used for mutation 

induction in many plant species, including wheat (Gaul, 1995). 

Analysis of variance (Table 8) revealed that mean squares due to 

genotypes, gamma ray doses and their interaction were highly 

significant for seedling height after 14 days from sowing. 

Table 8. Analysis of variance for seedling height of seven bread wheat 
genotypes as affected by different gamma ray doses.  

S.V. d.f. Mean squares 
Replication 2 0.37** 
Genotypes (G) 6 29.02** 
Error a 12 0.004 
Doses (D) 8 138.7** 
G x D 48 1.29** 
Error b 112 0.004 

 Data presented in Table (9) and illustrated in Figure (1) show 

the means and % reduction in seedling height of seven wheat genotypes 

(Sids 4, Sakha-61, line Maryout-5, Aseel-5, Sakha-93, Giza-168 and 

Sahel 1) of 14 days age following irradiation with nine different 

gamma ray doses (0, 100, 150, 200, 250, 300, 350, 400 and 450 Gy). 

These data indicated that the seedling height decreased gradually with 

increasing gamma ray dose for all genotypes as compared to zero dose 

Gy (non–irradiated). Accordingly, the percentage of reduction in wheat 

seedling height was increased with each increase in gamma ray doses. 
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Table 9. Mean seedling height (cm) of seven bread wheat genotypes after 14 
days from sowing as affected by different gamma ray doses and 
percentages of reduction as compared to control (0 dose). 

  
Dose 
(Gy) 

Seedling height 

cm Red. % cm Red. % cm Red. % cm Red. % 

 Sids-4 Sakha-61 Maryout-5 Aseel-5 

0 14.0 a - 14.0 a - 15.0 a - 14.0 a - 

100 12.4 c 8.9 13.3 b 7.7 13.6 b 7.6 12.8 b 9.3 

150 12.3 c 9.8 12.8 c 11.5 13.4 c 8.3 12.5 c 11.4 

200 12.7 b 7.3 12.3 d 14.6 13.1 d 10.7 12.1 d 14.2 

250 11.4 d 16.3 11.0 e 23.8 12.8 e 12.7 11.8 e 16.5 

300 9.9 e 27.6 10.2 f 29.2 11.8 f 19.7 10.9 f 22.8 

350 9.0 f 34.1 8.0 g 44.6 10.5 g 28.4 9.8 g 30.6 

400 6.4 g 52.8 7.6 h 47.4 9.8 h 33.2 9.1 h 35.5 

450 5.8 h 57.7 5.0 i 65.4 8.6 i 41.4 8.7 i 38.6 

 Sakha-93 Giza-168 Sahel-1 Mean 

0 12.0 a - 14.0 a - 13.0 a - 13.7 a - 

100 11.6 b 4.2 11.4 c 19.5 12.2 b 6.2 12.5 b  9.1 

150 11.0 c 9.2 12.4 b 12.5 11.8 c 9.2 12.3 b 10.3 

200 10.9 c 10.1 11.3 c 20.3 11.0 d 15.4 11.9 c 13.2 

250 10.0 d 17.4 10.4 d 26.6 10.5 e 19.2 11.1 d 18.9 

300 8.2 e 32.1 9.3 e 34.4 9.7 f 25.4 10.0 e 27.3 

350 6.8 f 44.0 7.3 f 48.7 8.2 g 36.9 8.5 f 38.2 

400 5.4 g 55.0 6.7 g 53.1 7.6 h 41.5 7.5 g 45.5 

450 5.0 h 58.7 3.4 h 75.8 5.8 i 55.4 6.0 h 56.1 
- Reduction =100 (Dose 0 - Dose 100, 200,………………or 450)/Dose 0,   -Means in the same column 

followed by the same letter (s) are not significantly different at 0.05 probability level. 
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Fig.1. Seedling height of wheat (Maryout-5) at 14 days from sowing following irradiation of its seed with 9 

doses of gamma rays (0, 100, 150, 200, 250, 300, 350, 400 and 450 Gy). 

Our results agreed with Conger et al. (1995) who reported differences 

in radiosensitivity of their tested genotypes within a certain species and 

in some cases these differences can be relatively great (Blixt, 1970 and 

Walter and Haug, 1973).  

 Conger et al. (1995) mentioned that the Manual on Mutation 

Breeding recommended the use of 50 % growth reduction of primary 

shoots (GR50) to identify the proper dose of gamma rays and fast 

neutrons for many crop species. This was based on the experience 

gained from the service treatments rendered by the International 

Atomic Energy Agency (IAEA), Seibersdorf Laboratory and represents 

the pooled information from many genotypes (lines and cultivars). The 

manual stated that the plant breeder is advised to use this 

recommendation only as a guideline.  
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 From our data (Table 9), it is observed that the 350 Gy dose 

caused growth reduction in seedling height ranging from 28.4% in 

Maryout-5 to 48.7% in Giza-168 with an average of 38.2 % across all 

genotypes; whereas the 400 Gy dose caused growth reductions ranging 

from 33.2% in Maryout-5 to 55.0% in Sakha-93. The growth 

reductions resulting from 100, 150, 200, 250 and 300 Gy doses were 

below 30% in all studied genotypes, except Sakha-93 and Giza-168, 

where growth reduction from 300 Gy dose was 32.1 and 34.4%, 

respectively. However, the growth reduction caused by 400 and 450 Gy 

doses was on average (across all genotypes) 45.5 and 56.1 %, respectively 

and reached 75.8% in Giza-168 irradiated with 450 Gy dose.  

 Konzak and Mikaelson (1995) advised that the selected doses of 

gamma rays for mutation breeding of cereals are those causing 30 - 

50% reduction in seedling growth in laboratory tests. Accordingly, we 

selected the 350 Gy to irradiate the seven wheat genotypes under study 

as an attempt to induce useful gene mutations.  

 Several other investigators (Wang et al., 1986, Sobieh and 

Ragab, 2000 and Al-Nagger et al., 2004) were able to induce new 

useful mutants by irradiating seeds of other wheat cultivars and hybrids 

with a dose close to our dose of gamma rays, namely 30 Krad (300 

Gy). Using this dose, Al-Naggar et al. (2004) were able to induce a 

glaucousness mutation in wheat of high value for drought tolerance via 

irradiating  Sids-1 seeds and other high yielding mutants via irradiating 

seeds of the cross Sids-1 X Giza-164. 
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2. Experiment Two (M2 bulks and their parents)                   

    a. Analysis of variance of M2 bulks and their parents 

 Analysis of variance of the studied wheat cultivars treated and 

untreated with gamma rays (350 Gy dose) in M2 generation under two 

watering regimes (well watering and water stress ) using a split-plot 

design in RCB arrangement in 2010/2011 season is presented in Table 

(10). Results showed that mean squares due to irrigation regimes (W) 

were highly significant for all studied traits, except for grains/spike 

(GPS) and 100-grain weight (100GW), where mean squares due to 

watering regimes were only significant. This indicates that stress from 

water deficit had a significant effect on all studied traits of studied 

wheat genotypes (M2 bulks and their parents).  

 Results of Table (10) also exhibit that mean squares due to 

studied wheat genotypes (G), whether irradiated (I) or non-irradiated 

(NI) with gamma rays were highly significant, for all studied traits, 

suggesting   that wheat genotypes (I and NI) used in this study were 

significantly different for all studied traits.  

 Mean squares due to irradiated (I) vs non-irradiated (NI) wheat 

genotypes were significant at 0.05 or 0.01 levels of probability for all 

studied traits, except days to maturity (DTM), spikes/plant (SPP) and 

100GW traits, indicating that irradiation had a significant effect on 

most studied traits. These results confirm previous reports by other 

investigators (Sobieh, 1999, Sobieh and Ragab, 2000 and Al-Naggar et 

al., 2004 and 2007a).  

 Moreover, mean squares due to genotypes X watering regimes, 

i.e., G x W were highly significant for all studied traits,  except  days to 
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Table 10. Analysis of variance for studied traits of wheat genotypes treated 
and/or untreated with gamma rays in M2 generation under water 
stress (WS) and well watering (WW) conditions (Inshas 2010/2011 
season). 

 S.V.                                              d.f.                       Mean squares                               

 DTH DTA DTM PH SL 

Replications 2 2.51 0.8 2.94 1.57 0.19 

Watering (W) 1 56.68** 37.33** 109.71** 245.49** 3.99** 

Error a 2 0.25 0.23 0.68 0.42 0.11 

Genotypes (G) 13 66.73** 37.66** 13.36** 239.02** 9.87** 

Irradiated genotypes (I) 6 63.94** 28.89** 2.36** 262.59** 8.37** 

Non irradiated genotypes (NI) 6 77.64** 51.75** 26.30** 179.84** 11.45** 

I vs NI 1 18.00* 5.76* 1.73 452.60** 9.49* 

G X W 13 0.91 1.77 1.46** 28.18** 0.16** 

I X W 6 0.76 0.30** 0.82 37.97** 0.08 

NI X W 6 0.49** 1.75* 0.56 13.79** 0.11 

I X W vs NI X W 1 4.33* 9.80** 10.70** 55.78** 0.94 

Error b 52 0.71 0.53 0.54 2.65 0.10 

SW SPP GPS 100GW GYPP 

Replications 2 0.02 2.23 2.38 0.002 0.59 

Watering (W) 1 1.86** 53.28** 235.00* 1.12* 1124.94** 

Error a 2 0.11 0.15 2.81 0.11 1.31 

Genotypes (G) 13 1.37** 6.92** 228.37** 0.27** 57.22** 

Irradiated genotypes (I) 6 0.26** 6.77** 110.08** 0.08** 31.82** 

Non irradiated genotypes (NI) 6 1.67** 7.84** 341.10** 0.10** 8.61** 

I vs NI 1 6.20* 2.28 262.58** 2.43 501.26** 

G X W 13 0.12** 1.96** 30.23** 0.03** 24.73** 

I X W 6 0.04 1.34 17.06** 0.02** 13.75* 

NI X W 6 0.16** 2.57** 48.25** 0.05* 2.75** 

I X W vs NI X W 1 0.36 1.48 1.13 0.1 222.49** 

Error b 52 0.11 0.66 3.22 0.1 2.77 
* and ** = significant at 0.05 and 0.01, probability levels, respectively. PH=Plant height (cm), SL= Spike length 

(cm), SPP = Spikes/ plant,  DTH = Days to heading, DTA = Days to anthesis ,DTM = Days to maturity, 
GPS = Grains/ spike,100 GW = 100-grain weight (g), SW=Spike weight (g), GY= Grain yield/plant (g).         
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heading (DTH) and days to anthesis (DTA), suggesting that the studied 

wheat genotypes behaved differently under different irrigation regimes. 

This conclusion is supported by other investigators (Fischer and 

Maurer, 1978 and Al- Naggar et al., 2004 and 2007a).  

Partitioning mean squares due to G X W interaction into their 

components indicated significant or highly significant mean squares 

due to I X W for five traits, namely DTA, plant height (PH), GPS, 

100GW and grain yield/plant (GYPP) and due to NI X W for eight 

traits, namely DTH, DTA, PH, spike weight (SW), SPP, GPS, 100GW 

and GYPP. Non-irradiated genotypes interacted with watering regimes 

for most studied traits (8 out of 10), while irradiated genotypes 

interacted with irrigation regimes for half of studied traits (5 out of 10). 

The genetic variation induced by irradiation of the studied wheat 

cultivars might have resulted in more adaptation (stability) under 

different environments (watering regimes) and thus less interaction 

between genotype and watering regime for 50% of studied traits, 

namely, DTH, DTM, spike length (SL), SW and SPP.  

 Mean squares due to I X W vs NI X W interaction were 

significant for 5 out of 10 studied traits, namely DTH, DTA, DTM, PH 

and GYPP, indicating that irradiated genotypes differ from non-

irradiated genotypes in their interaction with watering regimes for such 

traits, confirming the above mentioned conclusion that irradiated 

genotypes showed interaction with watering regimes for a lesser a 

number of traits than non-irradiated genotypes.  
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b. Mean performance of M2 bulks and their parents 

1. Water stress effect  

 Water stress caused a significant reduction in grain yield/ plant 

(Table11) by 27.4% across all non-irradiated genotypes and 12.6% 

across all irradiated genotypes. Reduction in grain yield due to water 

stress across non-irradiated wheat cultivars was greater than that across 

irradiated cultivars. The greatest reduction in grain yield due to water 

stress (40.7%) was exhibited by the non-irradiated cultivar Sakha-61, 

while the lowest reduction (4.5%) was shown by the irradiated 

genotype Aseel-5. On the contrary, an increase of 14.5% in grain yield 

occurred due to water stress in the irradiated genotype Sakha-61.  

 Reduction in grain yield as a result of water deficit was 

associated with significant reductions in all other studied traits. These 

reductions were relatively high in magnitude for spikes/ plant (19.6% 

for non-irradiated and 8.2% for irradiated genotypes) and were low but 

significant for other traits; with lowest reduction for DTH (1.5 and 

2.6%), DTA (2.3 and 0.7%), and DTM (2.4 and 1.3%) of non-irradiated 

and irradiated genotypes, respectively.  

 Shortage of water at any growth stage in the crop life cycle is 

likely to have consequences for yield and that there are several ways in 

which water stress can  affect grain yield, the first by modification of 

early growth and ear development. The simultaneously occurring 

processes of tiller production and spikelets initiation are followed 

immediately before anthesis by a period in which a proportion of tillers 

and florets die. The second major yielding-determining process 

affected by stress is the  production of  fertile  gametes and  fertilization  
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Table 11. Mean performance of irradiated (I) and non- irradiated (NI) wheat 
genotypes in M2 generation evaluated under water stress (WS) and 
well watering (WW)  conditions (Inshas 2010/2011 season). 

 M2 bulk WW WS Cha.% WW WS Cha.% WW WS Cha.% 
 Days to heading  Days to anthesis  Days to maturity 

Sd-4    (NI) 72.3 71.0 1.8 83.7 81.3 2.8 120.3 117.0 2.8 
Sd-4     (I) 75.0 72.7 3.1 85.0 84.0 1.2 123.3 120.3 2.4 
Sk-61   (NI)  77.7 75.3 3.0 88.3 87.3 1.1 124.3 120.3 3.2 
Sk-61   (I) 78.7 75.7 3.8 88.7 88.7 0.0 123.7 122.3 1.1 
Mr-5    (NI) 82.0 80.7 1.6 91.0 90.3 0.7 125.7 122.7 2.4 
Mr-5    (I) 82.3 81.0 1.6 90.7 90.3 0.4 122.7 121.3 1.1 
As-5     (NI) 81.7 81.0 0.8 91.7 90.3 1.5 126.7 123.3 2.6 
As-5     (I) 84.7 82.7 2.4 91.7 90.3 1.5 122.7 121.3 1.1 
Sk-93   (NI) 78.0 77.0 1.3 90.7 87.3 3.7 123.7 121.3 1.9 
Sk-93   (I) 78.7 77.7 1.3 90.0 89.3 0.7 123.0 122.3 0.5 
Gz-168 (NI) 78.7 77.7 1.3 90.7 87.3 3.7 124.0 121.3 2.2 
Gz-168 (I) 80.3 77.7 3.3 89.7 89.3 0.4 122.0 120.7 1.1 
Sah-1   (NI) 82.0 81.3 0.8 91.7 89.3 2.5 122.0 119.7 1.9 
Sah-1   (I) 82.3 80.0 2.8 90.7 90.0 0.7 122.3 120.5 1.5 
Aver.   (NI) 78.9 77.7 1.5 89.7 87.6 2.3 123.8 120.8 2.4 
Aver.   (I) 80.3 78.2 2.6 89.5 88.9 0.7 122.8 121.3 1.3 
LSD 0.05 
Watering (W) 0.001 0.001 0.004 
Genotypes (G) 0.158 0.085 0.09 
Irradiation (I) 0.497 0.416 0.462 
G x W 0.632 0.342 0.362 

Plant height (cm) Spike length (cm) Spike weight(g) 
Sd-4    (NI) 95.4 88.8 6.9 15.3 14.9 2.6 4.6 4.5 2.2 
Sd-4    (I) 99.9 84.8 15.1 14.2 13.5 4.9 3.7 3.2 13.5 
Sk-61  (NI)  82.0 83.6 -2.0 11.5 11.2 2.6 3.3 3.1 6.1 
Sk-61  (I) 78.0 75.2 3.5 11.2 10.7 4.5 3.0 2.9 3.3 
Mr-5   (NI) 96.2 92.7 3.6 14.6 14.2 2.7 4.8 3.9 18.8 
Mr-5   (I) 91.7 83.8 8.6 14.3 13.2 7.7 3.8 3.4 10.5 
As-5    (NI) 85.6 85.4 0.2 12.2 12.3 -0.8 3.5 3.4 2.9 
As-5    (I) 82.7 78.2 5.4 12.0 11.3 5.8 3.1 3.0 3.2 
Sk-93   (NI) 82.0 79.4 3.2 12.1 12.1 0.0 3.7 3.3 10.8 
Sk-93   (I) 76.8 71.2 7.3 11.8 11.4 3.4 3.0 3.1 -3.3 
Gz-168 (NI) 83.0 80.1 3.5 12.5 12.2 2.4 3.8 3.2 15.8 
Gz-168 (I) 79.0 79.6 -0.7 12.3 11.6 5.7 3.4 3.1 8.8 
Sah-1   (NI) 88.0 83.7 4.9 12.6 12.0 4.8 3.7 3.2 13.5 
Sah-1   (I) 78.6 78.1 0.7 11.5 11.2 2.6 3.3 3.0 9.1 
Aver.   (NI) 87.5 84.8 3.0 12.9 12.7 1.6 3.9 3.5 10.3 
Aver.   (I) 83.8 78.7 6.1 12.5 11.9 5.2 3.3 3.1 6.1 
LSD 0.05 
Watering (W) 0.002 0.0001 0.0002 
Genotypes (G) 2.169 0.003 0.0040 
Irradiation (I) 1.054 0.132 0.238 
G x W 8.675     0.013     0.014     
Watering (W), G = Genotypes, I = Irradiation, NI = non-irradiated, I = irradiated,  Change = 100 ( WW - WS )/ WW  
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Table 11. Continued 
Genotype WW WS Cha. WW WS Cha. WW WS Cha. WW WS Cha. 

      %     %     %     % 

 Spikes/ plant Grains/ spike 100-grain weight(g) Grain yield/plant(g)  

Sd-4    (NI) 8.1 6.0 26 81 70 13.6 5.8 5.7 1.1 34.8 27.0 22.5 

Sd-4    (I) 10.7 8.4 21.3 62 59 4.0 5.4 5.3 1.3 35 25.4 27.3 

Sk-61  (NI)  12.5 8.0 36.1 58 56 4.0 5.6 5.6 -0.5 40.6 24.1 40.7 

Sk-61  (I) 10.0 10.7 -7.3 53 56 -4.4 5.3 5.1 3.6 22.4 25.6 -14.5 

Mr-5  (NI) 7.9 7.3 7.6 82 71 13.9 5.9 5.5 7.3 37.7 28.1 25.5 

Mr-5   (I) 8.1 7.8 4.0 67 63 5.2 5.5 5.3 2.9 28.6 26.4 7.5 

As-5    (NI) 10.9 8.7 19.8 63 65 -2.6 5.6 5.2 6.1 37.3 28.9 22.5 

As-5    (I) 9.6 9.4 2.3 58 61 -3.8 5.4 5.0 6.9 29.5 28.1 4.5 

Sk-93   (NI) 10.0 8.4 16.3 66 62 6.7 5.6 5.3 5.8 36.7 26.9 26.7 

Sk-93   (I) 8.7 7.7 11.4 57 60 -4.9 5.3 5.0 4.8 25.7 23.0 10.7 

Gz-168 (NI) 9.6 8.0 16.3 67 63 5.4 5.8 5.3 7.6 36.6 26.7 27.0 

Gz-168 (I) 8.1 7.3 10.2 65 61 6.2 5.2 5.0 4.3 26.2 21.8 17.0 

Sah-1   (NI) 9.0 8.2 8.1 67 59 11.5 5.7 5.4 5.2 34.0 25.4 25.4 

Sah-1   (I) 9.1 7.7 15.0 65 57 12.2 5.2 5.0 2.7 29.8 22.0 26.2 

Aver.   (NI) 9.7 7.8 19.6 69.1 63.6 8.0 5.7 5.4 4.7 36.8 26.7 27.4 

Aver.   (I) 9.2 8.4 8.2 61.0 59.5 2.5 5.3 5.1 3.8 28.2 24.6 12.6 

LSD 0.05 

Watering (W) 0.002 0.072 0.0001 0.016 

Genotypes (G) 0.139 3.212 0.003 2.373 

Irradiation (I) 0.611 0.73 0.037 1.203 

G x W 0.539     12.849     0.012     9.494     

Watering (W), G = Genotypes, I = Irradiation, NI = non-irradiated, I = irradiated,  Change = 100 ( WW - WS ) / 
WW  

 (Fischer, 1973), which determines the proportion of the potential grain 

number realized. These processes are probably responsible for 

determining the critical period before anthesis, during which water 

stress usually has the most detrimental effect on yield (Salter and 

Godge, 1967).  
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 Our results about reduction in wheat grain yield due to drought 

stress are also consistent with those reported by Musick and Dusek 

(1980), Clarke et al. (1992), Sobieh and Ragab (2000), Solomon et al. 

(2003), Dhanda and Sethi (2004) and AL-Naggar et al. (2004, 2007a 

and 2012). 

Several investigators also reported that water stress had a strong 

negative effect on number of spikes per plant ( Jat et al., 1990 ; Mosaad 

et al., 1995 and Kheiralla et al. , 1997), grains/spike (Day and Intalap, 

1970, Sharma and Bhargara, 1996, Ragab and Sobieh, 2000), 100-grain 

weight (Fischer and Maurer, 1978) and plant height (Jat et al., 1990; 

Sharma and Bhargava, 1996; Hassaan, 2003 and Al-Naggar et al., 

2004, 2007a and 2012).  

2. Irradiation effect  

In general, there was a significant reduction of 23.4% in grain 

yield / plant as a result of gamma ray treatment (350 Gy dose) across 

all irradiated genotypes under well watering and 7.9% under water 

stress conditions as compared to non-treated wheat cultivars. The 

highest significant decrease in grain yield due to irradiation was 44.8% 

for the cultivar Sakha-61 under well watering and 14.6% for the 

cultivar Giza-168 under water stress conditions. However, the lowest 

significant reduction in grain yield of M2 populations   as a result of 

irradiation with gamma rays was exhibited by the cultivar Aseel-5 

under both stress and non-stress conditions. On the contrary, slight 

increases occurred in grain yield/plant of Sakha-61 under water stress 

and Sids-4 under well watering due to irradiation treatment (Table11).  



79 
 

 Decreases in grain yield in the M2 generation of all studied 

wheat genotypes treated with 350 Gy dose of gamma rays were 

accompanied with decreases in 100GW, GPS, SW, SL and PH under 

both water stress and non-stress , DTA and DTM under water stress 

only and SPP under well watering only. 

 On the contrary, irradiation caused significant increases in DTH 

under both stress and non-stress conditions, DTA, DTM and SPP under 

water stress only. In general, decreases in M2 grain yield across all 

genotypes because of irradiation treatment were more pronounced 

under well watering than under water stress conditions, while the 

opposite was true for PH.  

 It is worthnoting that the most affected trait with mutagen 

treatment (irradiation) was grain yield/plant, while the most non-

responsive traits were the phenological traits DTH, DTA and DTM. 

The most sensitive genotype to irradiation was Sakha-61 for GYPP, 

Sids-4 for GPS and SPP and Sahel-1 for plant height. On the contrary, 

the most non-sensitive genotype to gamma ray treatment was Sids-4 for 

GYPP, Sahel-1 for SPP and GPS and Aseel-5 for plant height.  

 Khanna et al. (1986) found that wheat plant height was 

increased by increasing gamma ray doses up to 75 Gy, but it decreased 

with increasing gamma ray doses above that. Moreover, Sobieh (1999) 

found significant decreases in plant height due to gamma irradiation in 

Sids 5, Sids 6 and Sids 7 wheat cultivars. He was able to select short 

culm mutants from such irradiated cultivars; the internode length of all 

short culm mutants was significantly reduced as compared to their 

parents. 
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 Al-Naggar et al. (2004) reported that irradiation caused a favorable 

increase in grain yield of 14.6 % in the second mutated generation of wheat 

under non-stress, while it caused a 28.4 % reduction in grain yield under 

water stress conditions. They also stated that irradiation caused favorable 

increases of 11.1 % in weight of 100-grains and in shortening plant height 

by 5.7 and 20.6 % in the M2 generations below the parents under non-stress 

and stress conditions, respectively. 

3. Genotype effect  

 Genotypic differences existed among studied wheat cultivars, 

either irradiated (in M2 generation) or non-irradiated under both 

drought stress and non-stress conditions (Table11). For the non-

irradiated genotypes, the highest yielding were Sakha-61 (40.6 g) 

followed by Maryout-5 (37.7 g) under well watering (WW) and Aseel-

5 (28.9 g) followed by Sids-4 (27.0 g) under water stress (WS), while 

the lowest yielding were Sahel-1 (34.0 g) under WW and Sakha-61 

(24.1 g) under WS conditions.  

 For the irradiated genotypes (generally lower yielders than non-

irradiated), the highest yielding were Sids-4 (35.0 g) under WW and 

Aseel-5 (28.1 g) under WS, while the lowest ones were Giza-168 (21.8 

g) and Sahel-1 (22.0 g) under WS environment.  

 The cultivar Aseel-5 followed by Maryout-5 proved to be the 

best grain yielders under water stress conditions, either with or without 

irradiation treatment. Under WW conditions, Sakha-61 (non-irradiated) 

and Sids-4 (irradiated) were the highest yielders.  
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The least reduction in grain yield as a result of water stress was 

achieved by the M2 generation of the irradiated cultivar Aseel-5 (4.5%) 

followed by Maryout-5(7.5%). Moreover, the irradiated cultivar Sakha-

61 exhibited an increase (14.5%) in grain yield due to water stress as 

compared to well watering. These three genotypes are the same 

superior ones under water stress and two of them (Maryout-5 and 

Aseel-5) under non-stress conditions, and thus could be considered the 

most drought tolerant in this experiment. The superiority of these 

genotypes in grain yield was accompanied by superiority in one or 

more yield components, such as spikes/plant (Sakha-61 and Aseel-5), 

grains/spike, 100GW and spike weight (Maryout-5) and spike length 

(Sids-4).  

Several studies have also indicated that there is genotypic variation 

in grain yield of wheat M2 bulks derived via gamma irradiation under 

water stress and non-stress conditions (Khanna et al., 1986, Sobieh and 

Ragab, 2000 and Al-Naggar et al., 2004 and 2007a).  

Several workers also reported genotypic differences in wheat under 

both drought stress and non-stress conditions for number of spikes/plant 

(Jat et al., 1990, Mosaad et al., 1995, Moustafa et al., 1996, Kheiralla et 

al., 1997, Ahmad et al., 1998 and Al-Naggar et al.,2004), grains per spike 

(Sharma and Bhargava, 1996 and Sobieh and Ragab, 2000), 100-grain 

weight (Day and Intalap, 1970, Fischer and Maurer 1978 and Kheiralla et 

al., 1997) and plant height (Jat et al., 1990, Sharma and Bhargava, 1996, 

Khanna et al., 1986, Sobieh and Ragab, 2000 and Al-Naggar et al., 2004 

and 2007a). 
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c. Ranges of M2
's 

 Ranges (R) and lowest (L) and highest (H) limits of M2 bulks 

derived from irradiation with gamma rays for studied traits are 

presented in Table (12). Grain yield/plant and number of spikes/plant 

exhibited the widest ranges in M2 bulks under both stress and non-

stress conditions. On the contrary, 100GW and spike length showed the 

narrowest ranges in M2 bulks under the two environments. 

Table 12. Ranges (R) and lowest (L) and highest (H) limits for some studied 
traits in M2 generation of wheat bulks derived from irradiation with 
gamma rays grown under water stress (WS) and well watering 
(WW) conditions (Inshas, 2010/2011 season). 

M2 Wate- L H R L H R L H R L H R 
bulk ring                

PH (cm) SL (cm) SW (g) SPP 

Sd-4 (I) 

WW 73 113 40 12 17 5 2.5 5.4 2.9 5 24 19 
WS 73 100 27 12 16 4 2.4 4.8 2.4 4 22 18 

Sk-61(I) 

WW 66 98 32 10 12 2 2.3 4.1 1.8 7 22 15 
WS 65 92 27 8 12 4 2.3 3.8 1.5 6 18 12 

Mr-5 (I) 

WW 77 110 33 12 16 4 2.9 6 3.1 5 24 19 
WS 71 103 32 11 16 5 2.7 5.6 2.9 5 20 15 

As-5 (I) 

WW 75 100 25 11 15 4 2.5 4.6 2.1 11 21 10 
WS 80 91 11 10 13 3 2.5 4.4 1.9 7 22 15 

Sk-93 (I) 

WW 65 98 33 10 13 3 2.3 4.2 1.9 10 18 8 
WS 63 89 26 10 13 3 2.3 4 1.7 6 16 10 

Gz-168 (I) 

WW 69 96 27 11 15 4 2.4 4.6 2.2 11 19 8 
WS 72 92 20 10 13 3 2.4 4.3 1.9 5 15 10 

Sah-1 (I) 

WW 71 104 33 11 15 4 2.4 4.5 2.1 8 21 13 
WS 68 95 27 10 13 3 2.3 4 1.7 6 15 9 

Aver. 

WW 71 103 32 11 15 4 2.5 4.8 2.3 8 21 13 
WS 70 95 24 10 14 4 2.4 4.4 2 6 18 13 

R  % 

WW 45 33.8 93.1 161.4 

WS     34.6     35.2     82.8     228.2 

R = H – L ,                   I = irradiated,           R % = 100 (R/L)    
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Table 12. Continued 
 M2 Wate- L H R L H R L H R 
 bulk ring            

GPS 100GW (g) GYPP (g) 

Sd-4 (I) 
WW 52 93 41 4.7 6.3 1.6 20.1 86.6 66.5 
WS 45 84 39 4.7 6.0 1.3 16.6 65.5 48.9 

Sk-61(I) 
WW 49 77 28 4.6 5.7 1.1 17.0 46.8 29.8 
WS 44 70 26 4.3 5.6 1.3 15.5 41.8 26.3 

Mr-5 (I) 
WW 54 88 34 4.7 6.1 1.4 19.0 65.3 46.3 
WS 48 80 32 4.5 6.0 1.5 18.3 66.3 48.0 

As-5 (I) 
WW 44 80 36 4.7 5.9 1.2 20.4 83.2 62.8 
WS 44 77 33 4.4 5.8 1.4 17.2 64.4 47.2 

Sk-93 (I) 
WW 50 74 24 4.5 5.7 1.2 17.0 61.3 44.3 
WS 41 70 29 4.3 5.3 1.0 16.6 58.2 41.6 

Gz-168 (I) 
WW 46 81 35 4.5 5.9 1.4 19.0 51.2 32.2 
WS 43 72 29 4.3 5.4 1.1 17.8 48.3 30.5 

Sah-1 (I) 
WW 47 75 28 4.6 5.7 1.1 18.6 53.4 34.8 
WS 45 71 26 4.3 5.4 1.1 15.7 41.5 25.8 

Aver. 
WW 49 81 32.3 4.6 5.9 1.3 18.7 64.0 45.2 
WS 44 75 30.6 4.4 5.6 1.2 16.8 55.1 38.3 

R  % 
WW 66.1 27.9 241.6 

WS     69     28.2     228 

R = H – L ,                   I = irradiated,           R % = 100 (R/L)    

The broadest M2 range for grain yield/plant was shown by Sids-

4 (I) (R = 66.5 and 48.9 g) followed by Aseel-5 (I) (R=62.8 and 47.2 g) 

and Maryout-5(I) (46.3 and 48.0 g) under well – watering and water 

stress, respectively. On the contrary, the narrower M2 range for grain 

yield was exhibited by Sakha-61(I) (R=29.8 and 26.3g) and Sahel-1(I) 

(R=34.8 and 25.8g) under well and stress irrigation, respectively.  

 The highest limit for grain yield reached 86.5 and 65.5g in Sid-

4(I), while the lowest limit (17.0 and 15.5g) was shown by Sakha-6(I) 

population under well and stress irrigation, respectively. In general, 
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ranges and lowest and highest limits were greatest in magnitude under 

non-stress than those under water stress conditions for grain yield/plant.  

 Under well watering, the best M2 bulks for ranges and highest 

limits were Sids-4 (I) for 6 traits, i.e., GYPP, SPP, GPS, 100 GW, SL 

and PH and Maryout-5 for 3 traits, i.e., GYPP, SPP and SW and Aseel-

5 for grain yield/plant.  

 Under water stress, the best M2 bulks for ranges and highest 

limits were Sid-4(I) for 4 traits (GYPP, SPP, GPS and 100GW), 

Maryout-5(I) for 4 traits (GYPP, 100GW, SW and SL) and Aseel-5(I) 

for GYPP. 

 Results of the present study indicate that there are genotypic 

differences among studied wheat genotypes in the response to 

irradiation treatment (350GY dose of gamma rays), i.e., in the 

induction of new variation (mutations) by irradiation expressed in 

broader ranges which can help plant breeder in increasing the selection 

efficiency for drought tolerance. Khamankar (1989) and Al-Naggar et 

al. (2007a) revealed a wider range in grain yield, grains/spike, number 

of tillers/plant and 100 GW in wheat plants treated by gamma rays as 

compared with non-treated ones.  

d. Coefficients of variation of M2
's 

 The estimates of phenotypic (PCV) and genotypic (GCV) 

coefficients of variation are presented in Tables (13 and 14, 

respectively). In general, the estimates of PCV were higher than those 

of GCV, and both PCV and GCV estimates were higher under WW 

than corresponding estimates under WS conditions in most cases. 
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 Table 13. Phenotypic coefficient of variation (PCV %) for studied traits of 

irradiated (I) bread wheat genotypes under water stress and well 
watering conditions (Inshas 2010/2011 season).    

M2  
bulk 

Plant 
height  

Spike 
length 

Spike 
weight  

Spikes 
/plant 

Grains 
/spike 

100-grain 
weight 

Grain  
yield/plant 

Well watering 
Sd-4 (I) 5.68 7.72 11.80 25.24 13.17 5.32 28.21 
Sk-61(I) 11.42 4.06 8.82 18.94 10.61 4.02 21.74 
Mr-5 (I) 3.97 4.39 16.10 21.06 14.60 4.01 16.96 
As-5 (I) 3.43 3.61 10.09 19.55 10.19 3.81 20.94 
Sk-93 (I) 5.14 3.05 10.84 30.03 12.45 5.04 28.78 
Gz-168 (I) 3.84 6.00 11.04 17.28 9.76 4.19 15.02 
Sah-1 (I) 4.80 6.72 9.58 25.85 10.90 3.65 29.27 

Water stress 
Sd-4 (I) 2.77 6.05 13.85 23.86 15.27 3.30 22.75 
Sk-61(I) 4.59 4.21 13.22 18.58 12.79 3.41 18.76 
Mr-5 (I) 5.62 7.01 11.66 13.33 13.74 3.09 18.96 
As-5 (I) 3.79 5.30 7.66 20.95 10.11 1.98 19.98 
Sk-93 (I) 5.31 4.35 9.64 21.61 11.31 2.11 24.47 
Gz-168 (I) 4.16 4.17 10.31 14.90 10.60 2.54 13.98 
Sah-1 (I) 4.58 3.44 13.00 12.29 12.99 2.78 14.62 

Table 14. Genotypic coefficient of variation (GCV %) for studied traits of 
irradiated (I) bread wheat genotypes under water stress and well 
watering conditions (Inshas 2010/2011season).

M2  
bulk 

Plant 
height 

Spike 
length 

Spike 
weight  

Spikes 
/plant 

Grains 
/spike 

100-grain 
weight 

Grain  
yield/plant 

                                        Well watering 
Sd-4 (I) 4.2 1.48 5.66 18.38 6.58 2.4 13.9 
Sk-61(I) 10.89 0.6 2.69 6.84 3.03 1.45 12.11 
Mr-5 (I) 2.92 1.47 5.21 12.56 5.66 2.46 9.44 
As-5 (I) 2.36 0.02 0.0 7.39 4.81 2.04 10.88 
Sk-93 (I) 3.92 0.02 0.01 9.2 3.98 1.37 12.26 
Gz-168 (I) 2.98 2.51 4 7.39 3.71 1.67 7.94 
Sah-1 (I) 3.91 2.02 3.24 18.43 4.03 1.46 12.1 

                                        Water stress 
Sd-4 (I) 2.12 1.26 2.76 19.22 3.94 0.55 10.67 
Sk-61(I) 3.86 1.19 3.75 7.24 3.88 0.56 7.38 
Mr-5 (I) 3.34 1.2 4.38 3.09 4.73 1.54 9.62 
As-5 (I) 3.02 2.33 2.98 9.51 4.38 0.6 11.28 
Sk-93 (I) 4.23 1.6 3.87 9.24 3.42 0.74 9.91 
Gz-168 (I) 2.54 2.02 3.32 5.1 3.67 0.95 7.15 
Sah-1 (I) 2.59 1.5 3.97 5.24 4.19 2.04 8.14 
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The highest estimates of PCV and GCV were exhibited by grain 

yield/plant and spikes/plant, while the lowest ones were shown by 100-

grain weight and spike length. The irradiated cultivar Sids-4(I) 

recorded the highest estimates of PCV under both WW and WS 

conditions and highest GCV under WW for five out of seven traits, 

including grain yield and the most important yield component, i.e., 

number of spikes/plant.  

 The irradiated cultivars Maryout-5 and Sakha-93 under WW and 

WS came in the second rank (after Sids-4) for PCV estimates of three 

out of seven traits (SW, SPP and GPS for Maryout-5 and SPP, GPS and 

GYPP for Sakha-93). These cultivars could be considered the most 

responsive ones to induction of more variability via irradiation with a 

dose of 350 Gy gamma rays, especially for grain yield and spikes/plant 

of Sids-4 and Sakha-93 under water stress and non-stress conditions. 

This can help wheat breeder for increasing the efficiency of selection 

for drought tolerance. This conclusion was also reported by Al-Naggar 

et al. (2004 and 2007a) on their work to develop new genetic variation 

in wheat drought tolerance via irradiation.  

 Recorded high estimates of PCV and GCV in wheat due to 

gamma ray irradiation in this study in grain yield and its component are 

in agreement with those reported by many investigators (Kumar, 1976, 

Dhonukshe and Bhawal, 1976, Larik, 1976, Khamankar, 1981, 

Chowdhury, 1982, Khamankar et al., 1982, Kar and Chakrabarti, 1983, 

Sobieh, 1999, Rachovska and Dimova, 2000 b, Sobieh and Ragab,2000, 

Agrawal and Mishra, 2001 and Al-Naggar et al., 2007a).  
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e. Phenotypic and genetic variance of M2
’s  

 Estimates of phenotypic (δ2
p) and genotypic (δ2

g) variances of 

wheat bulks in M2 generation derived via gamma rays (350 Gy) from 

seven cultivars under well watering and water stress conditions are 

presented in Tables (15 and 16), respectively.  

 The highest estimates of δ2
p and δ2

g in the M2 generation were 

shown by GYPP and GPS, while the lowest ones were exhibited by 

100GW, SL and SW under both water stress and non-stress conditions; 

the same trend previously mentioned for PCV and GCV estimates. In 

general, both δ2
p and δ2

g in M2 bulks were also higher under well 

watering than water stress in most cases. 

Table 15. Phenotypic variance (δ2
p) for studied traits of irradiated (I) bread 

wheat genotypes under water stress and well watering conditions 
(Inshas 2010/2011 season).

M2 
 bulk 

Plant   
height 

Spike 
length 

Spike 
weight  

Spikes 
/plant 

Grains 
/spike 

100-grain 
weight 

Grain  
yield/plant 

                                        Well watering     
Sd-4 (I) 32.2 1.04 0.16 7.34 67.56 0.08 99.06 

Sk-61(I) 79.18 0.2 0.06 3.59 32.01 0.05 23.64 

Mr-5 (I) 13.33 0.34 0.35 2.95 94.6 0.05 23.75 

As-5 (I) 8.09 0.18 0.1 3.5 35.42 0.04 37.82 

Sk-93 (I) 15.58 0.13 0.11 6.73 50.11 0.07 54.49 

Gz-168 (I) 9.23 0.55 0.14 1.96 39.75 0.05 15.46 

Sah-1 (I) 14.3 0.59 0.1 5.55 49.96 0.04 76.54 

                                        Water stress 
Sd-4 (I) 5.53 0.57 0.21 4.05 83.88 0.03 34.23 

Sk-61(I) 12.01 0.2 0.14 4.08 50.98 0.03 24.3 

Mr-5 (I) 22.14 0.82 0.16 1.07 76.52 0.03 25.05 

As-5 (I) 8.77 0.36 0.05 3.9 37.46 0.01 31.87 

Sk-93 (I) 14.39 0.24 0.08 2.81 44.2 0.01 31.58 

Gz-168 (I) 10.94 0.23 0.1 1.17 41.34 0.02 9.18 

Sah-1 (I) 12.76 0.15 0.14 0.9 54.91 0.02 10.35 
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Table 16. Genetic variance (δ2
g) for studied traits of irradiated (I) bread 

wheat genotypes under water stress and well watering conditions 
(Inshas 2010/2011 season).

M2  
bulk 

Plant   
height 

Spike 
length 

Spike 
weight  

Spikes 
/plant 

Grains 
/spike 

100-grain 
weight 

Grain  
yield/plant 

                                          Well watering 
Sd-4     (I) 17.6 0.04 0.04 3.89 16.88 0.02 24.06 
Sk-61   (I) 72.02 0.01 0.01 0.47 2.61 0.01 7.34 
Mr-5    (I) 7.23 0.05 0.04 1.05 14.2 0.02 7.35 
As-5     (I) 3.84 1.22 0.94 0.5 7.88 0.01 10.22 
Sk-93   (I) 9.04 1.19 2.93 0.63 5.11 0.01 9.89 
Gz-168 (I) 5.55 0.1 0.02 0.36 5.75 0.01 4.32 
Sah-1   (I) 9.50 0.05 0.01 2.82 6.84 0.01 13.08 

                                          Water stress 
Sd-4     (I) 3.23 0.02 0.01 2.62 5.58 0.001 7.53 
Sk-61   (I) 8.47 0.02 0.01 0.62 4.68 0.001 3.76 
Mr-5    (I) 7.84 0.02 0.02 0.06 9.05 0.007 6.45 
As-5     (I) 5.56 0.07 0.01 0.8 7.04 0.001 10.17 
Sk-93   (I) 9.12 0.03 0.02 0.51 4.03 0.001 5.18 
Gz-168 (I) 4.08 0.05 0.02 0.14 4.94 0.002 2.4 
Sah-1   (I) 4.06 0.03 0.01 0.16 5.71 0.011 3.21 

The M2 of Sids-4 cultivar showed the highest δ2
p and δ2

g for 

GYPP, SPP and GPS under water stress and non-stress. Aseel-5 and 

Sakha-94 came in the second rank for the highest δ2
p for GYPP under 

both WW and WS. While for δ2
g estimates under WS, Assel-5 

exhibited the highest estimate for GYPP followed by Sids-4 and 

Maryout-5; the later cultivars showed the highest δ2
g for GPS under 

WS conditions. M2 populations of these cultivars that show high δ2
g are 

expected to respond to selection for the corresponding character(s), if 

the additive genetic variance is the main component of δ2
g. 

f. Heritability and expected selection gain in M2
's 

 Estimates of heritability in the broad sense (h2
b) and expected 

genetic advance from selection (GA) for M2 bulks derived from 
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irradiated wheat cultivars under well watering and water stress 

conditions are presented in Tables (17 and 18, respectively).  

 Heritability estimates in the broad sense in M2
's were, on 

average higher under WW than WS for five traits (PH, SPP, GPS, 

100GW and GYPP); the opposite was true for SL and SW traits. On 

average, the highest h2
b estimate (61.70 and 51.45%) was shown by 

plant height followed by GYPP (25.21 and 24.10%) and spikes/plant 

(27.77 and 22.03%) under WW and WS, respectively (Table 17). On 

the contrary, the lowest average h2
b was shown by SL (10.04%) under 

WW and SW (11.01%) under WS conditions.  

Table 17. Percent heritability in broad sense (h2
b) for studied traits of irradiated 

(I) bread wheat genotypes under water stress and well watering 
conditions (Inshas 2010/2011 season). 

M2  Plant   
height  

Spike 
length 

Spike 
weight  

Spikes 
/plant 

Grains 
/spike 

100-grain 
weight 

Grain  
yield/plant bulk 

Well watering 

Sd-4     (I) 54.66 3.67 23.00 53.01 24.99 20.35 24.29 
Sk-61   (I) 90.96 2.17 9.33 13.04 8.16 12.92 31.04 
Mr-5    (I) 54.24 11.16 10.45 35.57 15.01 37.56 30.95 

As-5     (I) 47.44 11.48 0.86 14.29 22.24 28.72 27.02 
Sk-93   (I) 58.01 15.14 7.33 9.38 10.20 7.43 18.15 

Gz-168 (I) 60.15 17.52 13.14 18.31 14.46 16.01 27.94 

Sah-1   (I) 66.44 9.05 11.45 50.81 13.69 16.00 17.09 
Average 61.70 10.03 10.80 27.77 15.53 19.85 25.21 

Water stress 
Sd-4     (I) 58.37 4.32 3.96 64.87 6.65 2.78 21.99 
Sk-61   (I) 70.52 7.95 8.03 15.17 9.19 2.70 15.48 

Mr-5    (I) 35.41 2.92 14.11 5.38 11.83 24.93 25.74 
As-5     (I) 63.39 19.32 15.17 20.61 18.80 9.23 31.90 
Sk-93   (I) 63.38 13.61 16.12 18.29 9.12 12.25 16.41 

Gz-168 (I) 37.26 23.44 10.38 11.71 11.95 13.95 26.16 
Sah-1   (I) 31.84 19.00 9.32 18.18 10.39 53.92 30.99 

Average 51.45 12.94 11.01 22.03 11.13 17.11 24.10 
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Table 18.  Expected genetic advance from selection % (GA) for studied traits 
of irradiated (I) bread wheat genotypes under water stress and well 
watering conditions (Inshas 2010 /2011 season). 

M2  Plant   
height  

Spike 
length 

Spike 
weight  

Spikes 
/plant 

Grains 
/spike 

100-grain 
weight 

Grain  
yield/plant bulk 

 Well watering 

Sd-4     (I) 8.21 9.89 23.97 35.33 8.69 2.85 18.09 

Sk-61   (I) 27.42 2.60 6.12 6.53 2.28 1.37 17.82 

Mr-5    (I) 5.69 17.12 16.25 19.79 5.79 3.98 13.86 

As-5     (I) 4.31 12.89 0.72 7.38 5.99 2.90 14.94 

Sk-93   (I) 7.88 14.40 6.36 7.44 3.36 0.99 13.79 

Gz-168 (I) 6.09 34.16 12.90 8.36 3.72 1.77 11.09 

Sah-1   (I) 8.42 18.41 9.53 34.68 3.95 1.55 13.22 

Average 9.72 15.63 10.84 17.07 4.83 2.20 14.69 

 Water stress 

Sd-4     (I) 4.28 8.64  4.77 40.86 2.69 0.24 13.22 

Sk-61   (I) 8.55 9.29  7.98 7.44 3.11 0.24 7.67 

Mr-5    (I) 5.25 7.01 15.05 1.89 4.29 2.04 12.89 

As-5     (I) 6.35 30.75  9.23 11.40 5.03 0.48 16.83 

Sk-93   (I) 8.90 17.63 12.29 10.44 2.73 0.69 10.61 

Gz-168 (I) 4.10 29.97  8.69   4.61 3.35 0.93 9.66 

Sah-1   (I) 3.86 19.31  9.32   5.90 3.56 3.95 11.96 

Average 5.90 17.51 9.62 11.79 3.54 1.22 11.83 

Under WW, the highest h2
b for GYPP (31.04%) and plant height 

(90.96%) were exhibited by Sakha-61(I), for SW (23.00%), SPP 

(53.01%) (53.01%) and GPS (24.99%) by Sids-4(I), spike length 

(17.52%) by Giza–168 (I) and 100 GW (37.56%) by Maryout-5(I).  

 Under WS, the highest h2
b for GYPP (31.90%) and GPS 

(18.80%) were shown by Aseel-5(I), PH (70.52%) by Sakha-61(I), SL 

(23.44%) by Giza-168(I), SW (16.12%) by Sakha-93(I), SPP (64.87%) 

by Sids-4(I) and 100GW (53.92%) by Sahel-1(I). 

 Gamma rays were found to increase heritability estimates of the 

mutated segregating generations for grain yield and its components in 
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wheat (Kumar, 1976; Kar and Yadav, 1986; Khamankar, 1988; Sobieh, 1999 

and Al-Naggar et al., 2004 and 2007a).  

The average expected genetic advance (GA%)  from selection of 

the best 1 % in M2 bulks was generally higher under well watering than 

under water stress conditions for all studied traits, except for spike 

length, where the opposite was true (Table 18).  

 Under well watering, the maximum predicted GA from selection 

in M2
’s was achieved from SPP (17.07 %) followed by SL (15.63 %) 

and GYPP (14.69 %). Under water stress conditions, the highest 

expected GA was obtained from SL (17.51 %) followed by GYPP 

(11.84 %) and SPP (11.79 %). These three traits (GYPP, SPP and SL) 

are therefore the most responsive to selection in M2 bulks resulting 

from the gamma irradiation treatment (350 Gy dose of gamma 

radiation). Few cycles of selection for these traits would lead to 

improve these traits either under water stress or non-stress conditions.  

On the contrary, 100 grain weight exhibited the lowest expected 

GA estimate as a result of selection in M2 populations of wheat 

cultivars under investigation derived via irradiation with gamma rays.  

Maximum gain from selection in M2
’s for grain yield would be 

expected to be 18.09 % from Sids-4(I) followed by 17.82 % from 

Sakha-61(I) under non-stress and 16.83 % from Aseel-5(I) followed by 

13.22 % from Sids-4(I) and 12.89 % from Maryout-5(I) under water 

stress conditions.  

Under WW, the most responsive M2 populations to selection are 

expected to be Sids-4 (I) for GYPP, SPP, GPS and SW, Sakha-61 (I) 

for GYPP and PH, Giza-168(I) for SL and Sahel-1(I) for SPP. On the 
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contrary, the best responsive ones under WS are predicted to be Sids-

4(I) for SPP and GYPP, Maryout-5(I) for SW and GYPP and Aseel-

5(I) for SL, GPS and GYPP.  

Since the efficiency of selection would depend upon the 

magnitude of heritable variability, higher heritability accompanied by 

high expected genetic advance for the characters studied should be 

quite valuable. It is obvious from the results of this study on M2 and M3 

bulks, that superior bulks were characterized with having high 

heritability accompanied by high values of expected genetic advance 

for grain yield/plant and one or more yield components. 

 Genetic improvements in these M2 bulks can therefore be 

achieved with respect to these characters. Singh and Kumar (1974) also 

found high heritability and high genetic advance for grain hardness and 

100 grain weight in 18 mutant lines (stabilized in M3 generation) of 

bread wheat derived via different doses of gamma rays and reached to a 

similar conclusion. 

 Several investigators were able to induce genetic variation in the 

M2 generation of wheat following irradiation (Singh and Kumar, 1974; 

Kavanzhi et al., 1986; Savov, 1989 and Salam, 1998). Salam (1998) 

reported that grain yield/plant, 100-grain weight and plant height 

showed significant increase from 7.5 krad in M3 under drought 

conditions. He concluded that this would probably indicate the 

occurrence of drought tolerant genotypes as a result of irradiation. 

Moreover, Kalia et al. (2000) reported that with effective mutagenesis, 

it was possible to induce mutations and with rigorous screening in M2 
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and M3 generations, and isolate mutant plants with higher grain yield 

potential, protein content, desirable quality and better rust resistance. 

g. Trait interrelationships in M2 bulks 

 Across all M2 bulks derived via irradiation and their parents, 

grain yield/plant exhibited highly significant positive correlation with 

100GW (r = 0.76 and 0.40), grains/spike (0.45 and 0.59), spike weight 

(0.56 and 0.46) and plant height (0.47 and 0.53) under well watering 

and water stress conditions, respectively. Moreover, grain yield showed 

a positive and highly significant correlation with number of 

spikes/plant (r = 0.59) and days to maturity (r = 0.43) under well 

watering only. This suggested that in M2 generation, selection under 

water stress and non-stress conditions, of plants with high number of 

grains/spike, heavy kernel, heavy spike and greater height would  result  

Table 19. Estimates of simple correlation coefficients between studied traits of 
M2 bulks and their parents under water stress (below diagonal) and 
well watering (above diagonal) conditions (n = 42).                                

Trait DTH DTA DTM PH SL SW SPP GPS 100GW GYPP 

DTH   0.89** 0.27 -0.31* -0.35* -0.29 -0.18 -0.19 -0.24 -0.23 

DTA 0.90**   0.42** -0.46** -0.48** -0.27 -0.08 -0.19 -0.06 -0.07 

DTM 0.55** 0.74**   0.01 -0.19 0.02 0.47** -0.10 0.27 0.43** 

PH -0.08 -0.29 -0.27   0.91** 0.77** -0.16 0.64** 0.55** 0.47** 

SL -0.31* -0.53** -0.39* 0.81**   0.85** -0.47** 0.78** 0.54** 0.30 

SW -0.34* -0.54** -0.46** 0.75** 0.90**   -0.40** 0.95** 0.81** 0.56** 

SPP 0.25 0.38* 0.55** -0.47** -0.63** -0.69**   -0.54** -0.03 0.43** 

GPS -0.02 -0.23 -0.12 0.70 0.81** 0.85** -0.57**   0.69** 0.45** 

100GW -0.47** -0.63** -0.52** 0.76** 0.68** 0.74** -0.48** 0.52**   0.76** 

GYPP 0.18 -0.07 0.19 0.53** 0.48** 0.46** 0.16 0.59** 0.40**   

 PH = Plant height (cm), SL = Spike length (cm), SPP = Spikes/plant, DTH = Days to heading, DTA= Days to 
anthesis, DTM = Days to maturity, GPS = Grains/spike, 100 GW = 100-grain weight (g), SW = Spike 
weight (g), GYPP = Grain yield/plant (g). * and ** =  indicate significance at 0.05 and 0.01, 
probability levels, respectively. 
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in obtaining offspring with high grain yield. Moreover, selection for 

more spikes/plant under well watering and for long spikes under water 

stress would result in improving grain yield/plant.  

 Number of spikes/plant in M2 generation under well watering 

also showed high heritability and high expected genetic advance from 

selection, especially Sids-4(I) and Sahel-1(I) population and high 

expected genetic advance from selection which was combined together 

in strong association with grain yield, indicating that this trait (SPP) 

could be recommended as a good secondary trait for the improvement 

of grain yield under normal irrigation conditions.  

The highly significant associations between grain yield/plant 

and each of 100GW, GPS, PH and SW under drought stress conditions, 

together with high heritability and high GA estimates, especially in 

Sahel-1(I) and Maryout-5(I) populations for 100GW, Aseel-5(I), Giza-

168(I) and Maryout-5(I) for GPS, Sakha-61(I), Aseel-5(I) and Sakha-

93(I) for PH and Sakha-93(I) and Aseel-5(I) for SW would qualify 

these four traits to be recommended as important secondary traits for 

the improvement of grain yield under water stress and thus for 

improving drought tolerance of corresponding M2 populations, 

especially if there are significant correlations at the genetic level. The 

value of such traits as selection criteria for the improvement of grain 

yield in wheat M2 populations was also reported by Kumar, 1976; 

Sobieh (1999) and Al-Naggar et al. (20004 and 2007a) for spikes/plant, 

Moreover, grain yield had highly significant and positive correlations 

with plant height, number of kernels/spike and 100-kernel weight under 

water stress and normal conditions. Similar conclusions were reported 
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by EL-Borhamy (2000); Mahak et al., (2001); Gautam and Sethi (2003) 

and Mohamed (2004).  

It is worth to mention that in M2 populations, spike length was 

strongly associated with PH (r = 0.81 and 0.91), SW (r = 0.90 and 0.85) 

and GPS (r = 0.81 and 0.78), under both (stress and non-stress) 

environments, respectively. Moreover, GPS in M2 populations was 

strongly associated with SW (r = 0.81 and 0.8) and DTA was also 

strongly correlated with DTH (r = 0.90 and 0.89) under WS and WW, 

respectively.  
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3. Experiment Three (F1 crosses and parents)  

    a. Analysis of variance of F1
's and parents 

 Analysis of variance for studied traits of 21 genotypes (15 F1
's 

and 6 parents) evaluated under well watering is presented in Table (20). 

Mean squares due to genotypes, parents and F1 crosses were highly 

significant for all studied traits, suggesting the presence of highly 

significant differences among studied parents, F1
's and all genotypes for 

all studied traits. Such significant genotypic differences in bread wheat 

traits were also recorded by previous researchers (Ehdaie and Waines 

1996, and Menshawy, 2007 a and b for days to heading and maturity, 

Bayoumi, 2004 for plant height and Fisher and Maurer, 1978 and Al-

Naggar et al. 2007b, for grain yield and its component).  

 Mean squares due to parents vs F1 crosses (heterosis) were 

highly significant for all studied traits, except for days to heading and 

spike weight. The presence of significant heterosis in this study was 

previously reported by Salgorta et al. (2002) for earliness, El-

Maghraby (1998) and El-Beially and El-Sayed (2002) for plant height 

and El-Sherbeny et al. (2000) and Al-Naggar et al. (2007b) for grain 

yield and its components in wheat. 

b. Mean performance of F1
's and parents  

 Data presented in Table (21) indicate large and highly 

significant differences in all studied traits under well irrigation. The F1 

crosses were generally later in heading (by 9 days), anthesis (by 4 days), 

but earlier in maturity (by six day) than their parents. Sids-4 was the 

earliest parent and matured after 126 days. 
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Table 20.  Analysis of variance for studied traits of 21 wheat genotypes (6 
parents and 15 F1 crosses) and partitioning degrees of freedom 
and mean squares of genotypes under non-stress conditions 
(Inshas, 2009/ 2010 season).

S.V. d.f. Mean squares 

 DTH DTA DTM PH SL 

Replications 2 0.78 0.86 0.4 0.17 0.01 

Genotypes (G) 20 59.82** 20.61** 14.09** 171.64** 3.35** 

Parents (P) 5 36.72** 26.93** 14.08** 162.24** 7.31** 

Crosses (C) 14 13.1** 6.56** 14.17** 113.72** 2.08** 

P vs C 1 0.63 42.79** 128** 780.93** 7.45** 

GCA 5 6.4** 6.7** 6.8** 66.9** 2.0** 

SCA 15 18.0** 3.8* 4.5* 67.8** 0.9** 

GCA/SCA  0.4 1.8 1.5 1.0 2.2 

SW SPP GPS 100GW GYPP 

Replications 2 0.1 0.002 0.4 0.001 2.34 

Genotypes (G) 20 0.54** 14.14** 141.11** 0.25** 159.76** 

Parents (P) 5 1.2** 9.15** 280.67** 0.05** 10.68** 

Crosses (C) 14 0.35** 13.86** 101.21** 0.33** 194.23** 

P vs C 1 1.12 148.37** 13.57** 4.36** 2665.9** 

GCA 5 0.4** 5.8** 59.4** 0.1 79.1** 

SCA 15 0.1 4.4** 55.9** 0.1 60.6** 

GCA/SCA   4.0 1.3 1.1 1.0 1.3 
 PH=Plant height (cm), SL = Spike length (cm), SPP = Spikes/ plant, DTH = Days to heading, DTA= Days 

to anthesis, DTM = Days to maturity, GPS = Grains/ spike, 100 GW = 100-grain weight (g), SW = 
Spike weight (g), GYPP = Grain yield/plant (g). * and ** =  indicate significance at 0.05 and 0.01, 
probability levels, respectively. 
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Table 21. Mean performance for studied traits of wheat parents and their F1 
crosses evaluated under non-stress conditions (Inshas, 2009/ 2010 
season).   

    Days to  Days to  Days to Plant  Spike  

  Genotype  heading anthesis maturity height (cm) length (cm) 

Parents 

Sd-4 72 84 12٦ 97 15.3 
Sk-61 78 88 128 81 11.3 
Mr-5 82 91 132 95 14.6 
As-5 82 92 130 89 12.2 
Sk-93 78 91 128 80 12.1 
Gz-168 79 91 128 84 12.5 

Aver. Parents 78 89 129 88 13.0 
Crosses

Sd-4 x Sk-61 84 92 118 93 14.7 
Sd-4 x Mr-5 85 92 121 106 13.9 
Sd-4 x As-5 86 93 124 105 14.8 
Sd-4 x Sk-93 86 92 123 96 13.0 
Sd-4 x Gz-168 87 92 126 104 12.0 
Sk-61 x Mr-5 87 92 123 99 13.9 
Sk-61 x As-5 85 92 123 94 12.3 
Sk-61 x Sk-93 84 93 124 89 12.9 
Sk-61 x Gz-168 85 93 125 89 12.2 
Mr-5 x As5 85 92 125 101 13.2 
Mr-5 x Sk-93 86 93 121 95 13.4 
Mr-5 x Gz-168 86 94 123 98 12.4 
As-5 x Sk-93 90 96 124 91 13.7 
As-5 x Gz-168 89 96 125 95 13.3 
Sk-93 x Gz-168 91 96 121 84 13.0 

Aver. Crosses 86 93 123 96 13.0 
LSDO.O5 1.14 1.08 1.07 1.34 0.15 
LSD0.01 1.47 1.40 1.38 1.73 0.20 
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Table 21. Continued.

  Spike Spikes/  Grains/  100-grain Grain  

 Genotype  weight (g) plant spike weight (g) yield/plant (g) 

Parents 

Sd-4 4.6 6.1 81 5.8 28.6 
Sk-61 3.3 12.5 58 5.6 32.0 
Mr-5 4.8 7.9 82 5.9 29.5 
As-5 3.5 10.9 63 5.6 35.1 
Sk-93 3.7 10 66 5.6 32.4 
Gz-168 3.8 9.6 67 5.8 31.0 
Aver. Parents 4.0 9.8 69 5.7 31.4 

Crosses 

Sd-4 x Sk-61 4.0 10.2 70 5.5 35.2 
Sd-4 x Mr-5 4.7 10.6 80 5.6 40.6 
Sd-4 x As-5 3.9 10.3 73 5.4 34.1 
Sd-4 x Sk-93 3.9 11.0 68 5.8 42.5 
Sd-4 x Gz-168 3.7 11.7 65 5.9 43.2 
Sk-61 x Mr-5 4.1 10.9 72 6.3 53.5 
Sk-61 x As-5 3.8 16.3 66 5.9 57.9 
Sk-61 x Sk-93 4.0 12.8 60 6.4 48.6 
Sk-61 x Gz-168 3.8 14.9 58 6.0 52.3 
Mr-5 x As-5 4.3 11.9 68 6.1 51.7 
Mr-5 x Sk-93 3.4 10.7 68 5.9 40.4 
Mr-5 x Gz-168 4.3 9.1 78 5.5 33.4 
As-5 x Sk-93 3.5 8.9 66 5.9 34.4 
As-5 x Gz-168 3.9 11.2 70 5.3 41.2 
Sk-93 x Gz-168 3.6 9.3 72 5.9 35.8 

Aver. Crosses 3.9 11.3 69.0 5.8 43.0 
LSD O.O5 0.30 0.40 2.70 0.15 1.67 
LSD 0.01 0.40 0.51 3.40 0.20 2.16 
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The earliest F1 cross (118 days to maturity) was (Sids-4 X 

Sakha-61) while the latest cross (126 day to maturity) was (Sids-4 X 

Giza-168).  

 The F1 crosses were generally taller (96 cm) than their parents 

(88cm). Mean plant height for parents ranged from 80 cm (Sakha-93) 

to 97 cm (Maryout-5) and for F1
's from 84 cm (Sk-93 X Gz-168) to 106 

cm (Sd-4 X Mr-5).  

 Mean grain yield/plant across all F1
's (43.0 g) was significantly 

higher than that across all parents (31.4 g); the average increase in yield 

was about 36.9 %. The highest yielding parent (35.1 g) was Aseel-5, 

while the lowest yielding parent (28.6 g) was Sids-4. Sakha-61 showed 

also the largest number of spikes/plant (12.5), while Sids-4 exhibited 

the lowest number of SPP (6.1).  

 The best F1 in grain yield/plant under well watering was Sk-61X 

As-5 (57.9 g), followed by Sk-61 X Mr-5 (53.5 g), Sk-61 X Gz-168 

(52.3 g) and Mr-5 X As-5 (51.7g). The superiority of these F1
’s in grain 

yield/plant was due to their superiority in SPP (Sk-61 X As-5), 100GW 

and spike weight (Sk-61 X Mr-5 and Mr-5 X As-5), i.e., in one or more 

yield component.  

 On the contrary, the lowest yielding F1 cross (33.4 g) was Mr-5 

X Gz-168 followed by Sd-4 X As-5 (34.1 g) and As-5 X Sk-93 (34.4 g).  

c. Heterobeltiosis  

 Percentages of heterosis relative to the better parent 

(heterobeltiosis) in studied F1 wheat crosses under well watering are 

presented in Table (22). 
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Table 22. Estimates of heterosis (%) relative to better parent in wheat F1 crosses 
under well watering conditions (Inshas, 2009/ 2010 season).                    

F1 cross DTH DTA DTM PH SL SW SPP GPS 100GW GYPP 

Sd-4 X Sk-61 16.7** 9.5** -6.3** 13.4** -3.9** -13.0** -18.4** -13.6** -5.2** 10.0** 

Sd-4 X Mr-5 18.1** 9.5** -4.0** 11.6** -9.2** -2.1 30.9** -2.4 -5.1** 37.6** 

Sd-4 X As-5 19.4** 10.7** -1.6** 22.1** -3.3** -15.2** -5.5** -9.9** -6.9** -2.8 

Sd-4 X Sk-93 19.4** 9.5** -2.4** 21.5** -15.0** -15.2** 10.0** -16.0** 0.0 31.2** 

Sd-4 X Gz-168 20.8** 9.5** 0.0 26.8** -21.6** -19.6** 21.9** -19.8** 1.7 39.4** 

Sk-61 X Mr-5 11.5** 4.5** -3.9** 20.7** -4.8** -14.6** -12.8** -12.2** 6.8** 67.2** 

Sk-61 X As-5 9.0** 4.5** -3.9** 14.6** 0.8** 8.6* 30.4** 4.8* 5.4** 65.0** 

Sk-61 X Sk-93 7.7** 5.7** -3.1** 12.7** 6.6** 8.1** 2.4 -9.1** 14.3** 50.0** 

Sk-61 X Gz-168 9.0** 5.7** -2.3** 8.5** -2.4** 0.0 19.2** -13.4** 3.4** 63.4** 

Mr-5 X As-5 3.7** 1.1 -3.8** 17.4** -9.6** -10.4** 9.2** -17.1** 3.4** 47.3** 

Mr-5 X Sk-93 4.9** 2.2** -5.5** 20.3** -8.2** -29.2** 7.0** -17.1** 0.0 24.7** 

Mr-5 X Gz-168 4.9** 3.3** -3.9** 19.5** -15.1** -10.4** -5.2* -4.9** -6.8**   7.7** 

As-5 X Sk-93 9.8** 5.5** -3.1** 15.2** 12.3** -5.4 -18.3** 0.0 5.4** -2.0 

As-5 X Gz-168 8.5** 5.5** -2.3** 15.9** 6.4** 2.6 2.8 4.5* -8.6** 17.4** 

Sk-93 X Gz-168 16.7** 5.5** -5.5** 6.3** 4.0** -5.3 -7.0** 7.5** 1.7 10.5** 

Average 12.0 6.2 -3.4 16.4 -4.2 -8.1 4.4 -7.9 0.6 31.1 

 * and ** =  indicate significance at 0.05 and 0.01, probability levels, respectively. PH=Plant height (cm), SL = 
Spike length (cm), SPP = Spikes/ plant, DTH = Days to heading, DTA = Days to anthesis, DTM = Days to 
maturity, GPS = Grains/ spike, 100 GW = 100-grain weight (g), SW = Spike weight (g), GYPP= Grain 
yield/plant (g).  

It is worthnoting that the most desirable heterotic effects were 

considered as the lowest negative heterobeltiosis estimates for DTH, 

DTA and DTM and the largest positive ones for the other studied 

characters (PH, SL, SW, SPP, GPS, 100GW and GYPP). 

According to this consideration, average heterobeltiosis across 

all F1 hybrids was preceded with a non-desirable sign, i.e., exhibiting in 

average a non-desirable heterobaltiosis for DTH, DTA, DTM, SL, SW 

and GPS. Average heterobeltiosis was highest for plant height (16.4%) 

followed by grain yield/plant (31.1%) (Table 22). On the contrary, the 

lowest average favorable heterobeltiosis was shown by 100GW (0.6%). 
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The heterobeltiosis for plant height reached in five crosses more than 

20% (Sd-4 X Gz-168, Sd-4 X As-5, Sd-4 X Sk-93, Sk-61 X Mr-5 and 

Mr-5 X Sk-93). The best heterobeltiosis estimates for spikes/plant were 

exhibited by Sd-4 X Mr-5 (30.9%), Sk-61 X As-5 (30.4%), Sd-4 X Gz-

168 (21.9%) and Sk-61 X Gz-168 (19.2%). 

 For grain yield/plant under well watering, the heterobeltiosis 

estimate reached 67.2 % for (Sk-61 X Mr-5) followed by 65.0 % (Sk-

61 X As-5), 63.4 % (Sk-61 X Gz-168), 50.0 % (Sk-61 X Sk-93) and 

47.3 % (Mr-5X As-5). It is interesting to mention that these crosses 

which exhibited the highest estimates of heterosis relative to the better 

parent for grain yield (Table 22) also were the highest yielding crosses 

per se (Table 21). These crosses could be recommended to improve 

grain yield of wheat. Significant favorable heterobeltiosis in some 

wheat crosses in this study was also reported by previous investigators 

(Afiah and Darwish, 2002, El-Beially and El-Sayed, 2002 and Al-

Naggar et al. 2007b for plant height and Walia et al., 1993, Awaad, 

2002 and Al-Naggar et al. 2007b for grain yield.  

d. Combining ability in F1
's  

 Analysis of variance of general (GCA) and specific (SCA) 

combining ability for all studied traits of F1
's is presented in Table (20). 

Results show highly significant estimates of GCA mean squares for all 

studied traits, except 100-grain weight. Highly significant estimates of 

SCA variances were also observed for all studied traits, except for DTA 

and DTM, which were significant only and 100GW, which were 

insignificant. These results indicate that both additive and non-additive 
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gene effects play an important role in the inheritance of most studied 

traits under irrigation.  

 In general, the magnitude of mean squares due to GCA was 

higher than that due to SCA, since the ratio of GCA/SCA exceeded the 

unity for all studied traits, except DTH and SL, where GCA/SCA ratio 

was below unity and plant height and 100 GW, where this ratio was 

equal to unity.  

 These results suggest that additive was more important than 

non-additive gene effects in the inheritance of DTA, DTM, SL, SPP, 

GPS and GYPP, while the opposite was true for DTH and SW and both 

additive and non-additive variances showed equal importance in the 

inheritance of PH and 100GW. The greater importance of GCA relative 

to SCA variance as observed in this study was also reported by 

Menshawy (2005 and 2007a) and Al-Naggar et al. (2007b)  for 

duration to maturity and  Larik et al. (1995), Darwish (2003), Riaz and 

Chowdhry (2003 a and b ) and Al-Naggar et al. (2007b) for GYPP and 

its components. 

General combining ability effects in F1
's  

 Estimates of GCA effects of parents for the studied traits under 

well watering are presented in Table (23). Favorable significant GCA 

effects were expressed by negative estimates for DTH, DTA and DTM 

and positive estimates for the rest of studied traits. 

  Data indicated that Sids-4 followed by Sakha-61 cultivar were 

the best general combiners for DTH, DTA and DTM, i.e., for all 

earliness traits. Sids-4 was also the earliest  parent (per se) , (see Table 21) 
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Table 23. Estimates of general combining ability effects (g^
i) of wheat parents in 

F1 diallel crosses under well watering conditions.

 Parent DTH DTA DTM PH SL SW SPP GPS 100GW GYPP 

Sd-4 -1.54** -1.62** -1.39** 3.80** 0.90** 0.16** -1.01** 3.80** -0.12** -4.66** 

Sk-61 -0.25** -0.46** -0.10* -1.97** -0.31** -0.19** 1.52** -3.69** 0.04** 4.25** 

Mr-5 0.67** 0.33** 1.11** 3.32** 0.22** 0.32** 0.07 2.43** 0.10** 2.49* 

As-5 1.04** 0.96** 0.69** -0.88 -0.07 -0.21** -0.06 -1.54* -0.07** -1.76 

Sk-93 -0.08 0.29** -0.68** -3.26** -0.40** -0.14** 0.00 -0.88* 0.01** 0.22 

Gz-168 0.17** 0.50** 0.36** -1.01 -0.34** 0.06** -0.51 -0.13 0.04** -0.54 

SE gi  0.1 0.1 0.0 0.7 0.1 0.003 0.2 0.3 0.001 1.1 

SE gi-gj  0.1 0.1 0.1 1.8 0.1 0.01 0.4 0.8 0.002 2.7 

* and ** =  indicate significance at 0.05 and 0.01, probability levels, respectively. PH=Plant height (cm), SL= 
Spike length (cm), SPP = Spikes/ plant, DTH = Days to heading, DTA= Days to anthesis, DTM = Days to 
maturity, GPS = Grains/ spike, 100 GW = 100-grain weight (g), SW=Spike weight (g), GY PP= Grain 
yield/plant (g).  

followed by Sakha-61. Early heading, early anthesis and early maturing 

parents (per se) were good general combiners for these traits and the 

opposite was true.  

For plant height under normal watering, Sids-4 and Maryout-5 

showed the largest positive GCA effects, i.e., for increasing plant 

height of their hybrid combinations, while Sakha-93 exhibited the 

lowest negative GCA effects, i.e., for decreasing plant height of its F1 

crosses. 

The largest positive (favorable) GCA effects for yield attributes 

under non-stress conditions were exhibited by Sakha-61 (for grain 

yield/plant and number of spikes/plant). A similar result was reported 

by Al-Naggar et al. (2007b) for Sakha-61. Maryout-5, in this study, 

came in the second rank Sakha-61 for GCA effects of GYPP and GPS 

and in the 1st rank, for GCA effects of spike weight.  
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 It is interesting to mention that Aseel-5 cultivar showed the 

highest per se mean grain yield (Table 21), while Sids-4 was the lowest 

one. Sids-4 was the best general combiner for five traits (DTA, DTA, 

DTM, PH and GPS) and Sakha-61 was the best general combiner for 

two traits (GYPP and SPP).  

 These results indicate that these two cultivars could be 

recommended to wheat breeding programs for improving earliness 

(Sids-4) and grain yield (Sakha-61) traits in their hybrid combinations.  

Specific combining ability effects in F1
's 

Estimates of specific combining ability (SCA) effects of the F1 

crosses for the studied traits under well irrigation are presented in Table 

(24). The results of earliness revealed that all the F1 crosses showed 

significant positive SCA effects (undesirable) for days to heading, days 

to anthesis and days to maturity, except for (Sk-61 X As-5) and (Mr-5 

X As-5) for DTH, (Sk-61 X As-5) for DTA and (Sd-4 X Sk-61), (Sd-4 

X Mr-5), (As-5 X Sk-93) and (Sk-93 X Gz-168) for DTM, which 

showed desirable SCA effects (significant and negative SCA effects ) 

for earliness traits. 

For plant height, the (Sk-61 X Mr-5) hybrid was the best in SCA 

effect for increasing plant height, while the (Mr-5 X As-5) hybrid was 

the best in SCA effects for decreased plant height.  

Under well watering, the largest positive (desirable) SCA effects 

were shown by the F1
’s (Sk-61 X Mr-5) and (Sk-61 X Sk-93) followed 

by (Mr-5 X As-5) and (Mr-5 X Gz-168) for grain yield (GYPP), (Sk-61 

X Gz-168) and (Mr-5 X Sk-96) for 100GW, (Sk-61 X As-5),  (Sk-93 X  
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Table 24. Estimates of specific combining ability effects for studied 
characters of F1 wheat diallel crosses.

Cross Traits 
 Days to  Days to  Days to Plant  Spike 
 heading anthesis  maturity height   length 

Sd-4 X Sk-61 2.22** 2.23** -3.63** -4.02** 0.98** 
Sd-4 X Mr-5 1.97** 1.77** -2.50** 4.48** -0.33 
Sd-4 X As-5 3.26** 1.81** 0.92 6.79* 0.85** 
Sd-4 X Sk-93 3.72** 1.48* 1.96** 0.28 -0.59* 
Sd-4 X Gz-168 5.14** 1.93** 3.92** 6.47* -1.66* 
Sk-61 X Mr-5 3.01** 0.27 1.87** 12.59** -0.12 
Sk-61 X As-5 -2.36** -1.02** 1.62** 4.24** 1.85** 
Sk-61 X Sk-93 2.10** 0.64** 0.33 4.61** -0.05 
Sk-61 X Gz-168 0.85** 1.10** -0.04 -2.64* 0.44 
Mr-5 X As-5 -0.28* 0.18 0.08 -8.61* -1.03** 
Mr-5 X Sk-93 0.51* 0.18 0.13 -1.35 -0.81** 
Mr-5 X Gz-168 0.60* -0.02 0.42* 3.40** 0.24 
As-5 X Sk-93 1.47** 0.56* -2.79** 4.19** 0.82** 
As-5 X Gz-168 0.89** 0.68** -1.17* 5.27** -0.25 
Sk-93 X Gz-168 3.01** 0.02 -2.79** 10.09** 1.08** 
SE sij  0.3 0.3 0.2 1.3 0.3 
SE sij-sik  1.0 0.9 0.8 2.2 0.8 
SE sij-skl  0.8 0.7 0.7 1.8 0.7 

 
Spike  Spikes  Grains 100-grain Grain   

weight  /plant /spike weight yield/plant 
Sd-4 X Sk-61 0.02 -1.44 0.68 -0.22** -7.64** 
Sd-4 X Mr-5 0.16** 0.34 4.09* -0.23** -0.41 
Sd-4 X As-5 -0.04* 0.25 1.27 -0.20** -2.66 
Sd-4 X Sk-93 -0.18** 0.86 -4.43* 0.11** 3.68** 
Sd-4 X Gz-168 -0.56** 2.04* -8.67** 0.11** 5.15** 
Sk-61 X Mr-5 0.06** 2.25* 4.57* -0.18** 10.20** 
Sk-61 X As-5 1.21** -4.76** 17.47** 0.09** -7.96** 
Sk-61 X Sk-93 0.06** 3.66** 1.03 -0.01 10.20** 
Sk-61 X Gz-168 0.15** 0.61 -5.85** 0.53** 1.71 
Mr-5 X As-5 -0.37** 3.72** -12.30** 0.11** 8.38** 
Mr-5 X Sk-93 -0.11** -0.57 -7.39** 0.38** -3.78** 
Mr-5 X Gz-168 -0.07* 1.17 -3.71* 0.17** 6.54** 
As-5 X Sk-93 -0.30** -0.43 1.14 0.15** -1.27 
As-5 X Gz-168 0.46** -1.47 10.02** -0.34** -7.50** 
Sk-93 X Gz-168 0.62** -1.2 13.71** -0.18** 5.14** 
SE sij  0.02 0.90 1.8 0.01 1.60 
SE sij-sik  0.05 2.80 5.8 0.02 2.80 
SE sij-skl  0.04 2.40 5.0 0.01 2.30 
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Gz-168) and (As-5 X Gz-168) for GPS and (Mr-5 X As-5) and (Sk-61 

X Sk-93) for SPP.  

 For spike length and spike weight, the two F1
’s (Sk-61 X As-5) 

and (Sk-93 X Gz-168) showed the best SCA effects. 

 It is interesting to note that the cross (Sk-61 X As-5) showed 

superior SCA effects for 4 traits (DTH, SL, SW and GPS). Superiority 

in SCA effects were also shown in more than one trait, i.e., for GYPP 

and PH (Sk-61 X Mr-5), SPP and GYPP (SK-61 X Sk-93 and Mr-5 X 

As-5) and DTM, PH, SL, SW and GPS (Sk-93 X Gz-168). Most of 

these crosses were also the best ones in per se performance for the 

corresponding traits. 

e. Gene action, heritability and selection gain in F1
’s  

 Under non-stress conditions, the dominance genetic components 

of variation (δ2
D) for 8 out of ten studied traits in F1

’s was much greater 

than additive component (δ2
A), as expressed by the (δ2

A/δ2
D) ratio 

which was less than unity (Table 25). This indicates that the dominance 

gene effects in F1
’s (of this experiment) are more important than 

additive and plays the major role in the inheritance of all studied traits, 

except SL and SW, where both additive and dominance were of equal 

importance (δ2
A/δ2

D equals unity).  

Results of F1
’s agree with Moursi (2003), Ahmadi and Bajelan 

(2008) and Al-Naggar et al. (2007b) who reported that dominance 

variance was more important than additive variance for the inheritance 

of number of kernels per spike, tillers number, plant height and grain 

yield. 
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Table 25. Estimates of additive (δ2
A) and dominance (δ2

D) variance, degree of 
dominance �a” and broad (h2

b) and narrow (h2
n) sense heritability 

and expected genetic advance from selection % (GA) calculated 
from F1 diallel crosses.  

Trait δ2
A δ2

D δ2
A / δ2

D �a” h2
b (%)  h2

n (%) GA (%) 

DTH 6.1 17.8 0.3 2.4 99.2 25.3 3.8 
DTA 2.6 3.6 0.7 1.7 97.3 41.1 3.0 
DTM 2.8 4.4 0.6 1.8 97.9 38.5 2.3 
PH 33.7 65.3 0.5 2.0 97.5 33.2 9.2 
SL 0.7 0.7 1.0 1.4 89.5 44.4 11.4 
SW 0.1 0.1 1.0 1.3 95.9 50.5 15.3 
SPP 2.5 3.8 0.7 1.7 91.8 36.7 22.5 
GPS 28.8 54.7 0.5 1.9 98.6 34.0 12.0 
100GW 0.0 0.1 0.4 2.2 97.4 27.9 4.1 
GYPP 34.9 56.8 0.6 1.8 96.0 36.6 21.9 

The degree of dominance "a" in F1
’s was in the range of over 

dominance (a > 1) for all studied traits under well watering.  

 Heritability estimates in the broad sense (h2
b) in the F1 crosses 

were very high in magnitude and ranged from 89.5% for SL to 99.2% 

for DTH under well watering (Table 25), indicating that the genetic 

variance is the main component of phenotypic variance and that the 

environment  had little effect on the studied F1 crosses.   

Heritability in the narrow sense (h2
n) in the F1

’s was generally 

high in magnitude and ranged from 25.3% for DTH to 50.5% for SW 

under well watering conditions. The magnitude of h2
n was less the 50 % 

of h2
b, for all studied traits, except SW, indicating the lower importance 

of δ2
A compared to δ2

D in most studied characters. 

 Expected genetic gain (GA) from selection based on F1 results 

and assuming 1 % selection intensity (Table 25) ranged from 2.25% for 
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DTM to 22.5 % for SPP followed by 21.9 % for GYPP under well 

watering. These estimates indicate that few cycles of selection for 

GYPP and SPP would result in improving such traits.    

f. Trait interrelationships in F1
's and parents 

Estimates of phenotypic correlation coefficients between pairs 

of studied traits in F1 crosses and their parents under well watering are 

presented in Table (26). 

Highly significant and positive correlation coefficients were 

recorded in F1
’s between grain yield/plant and each of SPP (0.83) and 

100GW (0.62). This means that selection for more spikes/plant and 

heavy kernels will simultaneously improve grain yield/plant. Kumar 

(1976), Sobieh (1999) and Al-Naggar et al. (2004 and 2007b) also 

suggested that grain yield/plant might be increased by breeding for an 

increased number of spikes/plant. 

Table 26. Estimates of phenotypic correlation coefficients between studied  
traits of F1 crosses and their parents under well watering conditions 
(n = 63).

 Trait DTH DTA DTM PH SL SW SPP GPS 100GW GYPP 
DTH                      
DTA 0.92**                     
DTM 0.08 0.15                   
PH 0.37* 0.09 -0.04                 
SL 0.01 -0.16 -0.47** 0.51**               
SW -0.21 -0.3 -0.14 0.53** 0.61**             
SPP 0.18 0.13 0.25 0.00 -0.48** -0.33*           
GPS -0.05 -0.16 -0.38* 0.54** 0.72** 0.78** -0.63**         
100GW 0.11 0.004 0.1 0.03 0.01 0.09 0.25 -0.23      
GYPP 0.21 0.09 0.28 0.18 -0.24 -0.005 0.83** -0.37* 0.62**   

 * and ** =  indicate significance at 0.05 and 0.01, probability levels, respectively. PH=Plant height (cm), SL 
= Spike length (cm), SPP = Spikes/ plant, DTH = Days to heading, DTA= Days to anthesis, DTM = Days 
to maturity, GPS = Grains/ spike, 100 GW = 100-grain weight (g), SW = Spike weight (g), GYPP = 
Grain yield/plant (g).  
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A very strong association was found between DTH and DTA     

(r = 0.92) and between GPS and each of SW (r = 0.78) and SL (r = 

0.78). 

It is interesting to note that SPP showed a negative and 

significant association with each of SL (r = -0.48), SW (r = -0.33) and 

GPS (r = -0.63). Moreover, spike length showed a positive and 

significant correlation with each of PH (r = 0.51), SW (r = 0.61) and 

GPS (r = 0.72). 
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4. Experiment Four (15 F2 populations) 

     a. Analysis of variance of F2
's 

Analysis of variance of split-plot design for studied traits of 15 

F2 cross populations under two irrigation regimes is presented in Table 

(27). Mean squares due to irrigation regimes were significant at 0.05 or 

0.01 probability levels for all studied traits, indicating that water stress 

significantly affected all studied traits of F2 crosses.    

Table 27. Analysis of variance for studied traits of 15 F2 wheat crosses under 
water stress and well watering conditions (Inshas, 2010/ 2011 
season).                                                                                                           

S.V. d.f. Mean squares 

DTH DTA DTM PH SL 

Replications 2 0.21 0.23 0.84 5.8 0.3 

Watering (W) 1 152.1** 78.4* 1299.6** 358.22* 14.2** 

Error a 2 0.63 0.83 0.53 9.7 0.13 

F2 Crosses (C) 14 76.9** 18.5** 75.0** 102.72** 3.6** 

C X W 14 2.29** 2.97** 17.6** 6.3* 0.01 

Error b 56 0.46 0.46 0.77 2.9 0.12 
SW SPP GPS 100GW GYPP 

Replications 2 0.01 0.29 2.3 0.002 1.5 

Watering (W) 1 2.36** 28.34* 47.2** 1.52* 423.1** 

Error a 2 0.01 2.3 2.1 0.04 0.7 

F2 Crosses (C) 14 0.17** 3.21** 54.6** 0.12** 40.3** 

C X W 14 0.02* 0.76 10.0** 0.03** 9.9** 

Error b 56 0.01 0.44 0.93 0.01 1.4 
* and ** = significant at 0.05 and 0.01, probability levels, respectively. PH=Plant height (cm), SL= Spike 

length (cm), SPP = Spikes/ plant,  DTH = Days to heading, DTA = Days to anthesis ,DTM = Days to 
maturity, GPS = Grains/ spike,100 GW = 100-grain weight (g), SW=Spike weight (g), GY= Grain 
yield/plant (g).                                                                                                                                                     
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 Mean squares due to genotypes were highly significant for all 

studied traits, suggesting the existence of highly significant differences 

among studied F2 populations for all studied characters. Such 

significant differences among F2 populations in bread wheat were also 

recorded by Al-Naggar et al. (2004).  

 Mean squares due to the interaction between F2 crosses and 

irrigation regimes were significant or highly significant for all studied 

characters, except spike length and spikes/plant. These results suggest 

that the F2 populations responded differently to the different irrigation 

regimes for most studied traits, supporting results of Al-Naggar et al. 

(2004).  

  b. Mean performance of F2
's     

    1- Water stress effect  

 The mean performances for studied traits of 15 F2 cross 

populations under two irrigation regimes (stress and non-stress) is 

presented in Table (28). Water stress caused a significant reduction in 

all studied traits of F2 crosses; however such reduction was slight and 

ranged from 2.2 % for days to anthesis to 11.7% for grain yield/plant. 

Small reductions due to water stress in F2 populations (Table 28) as 

compared to reductions in M2
's and parents (P's) of experiment two 

(Table 11 ) might be due to the greater heterogeneity of F2
's which 

enhance genotypic adaptation to different irrigation regimes and greater 

stability in performance under a variety of environmental conditions.  

 Water stress imposed on F2 populations caused significant 

earliness in DTH (3 days), DTA  (two days )  and  DTM  ( 8 days )  and  
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Table 28. Mean performance for studied wheat traits in F2 crosses evaluated 
under well watering (WW) and water stress (WS) conditions 
(2010/2011 season).

F2 cross WW WS Cha.% WW WS Cha.% WW WS Cha.% 
 Days to heading  Days to anthesis  Days to maturity 

Sd-4 X Sk-61 73 70 4.1 84 83 1.2 120 118 1.7 
Sd-4 X Mr-5 73 70 4.1 85 85 0.0 123 120 2.4 
Sd-4 X As-5 83 83 0.0 91 85 6.6 136 124 8.8 
Sd-4 X Sk-93 77 73 5.2 87 86 1.1 129 123 4.7 
Sd-4 X Gz-168 82 80 2.4 89 88 1.1 135 126 6.7 
Sk-61 X Mr-5 79 77 2.5 90 89 1.1 133 123 7.5 
Sk-61 X As-5 82 79 3.7 91 89 2.2 136 123 9.6 
Sk-61 X Sk-93 79 74 6.3 88 87 1.1 133 124 6.8 
Sk-61 X Gz-168 81 76 6.2 90 88 2.2 134 126 6.0 
Mr-5 X As5 81 78 3.7 90 89 1.1 135 125 7.4 
Mr-5 X Sk-93 74 71 4.1 87 85 2.3 126 121 4.0 
Mr-5 X Gz-168 74 72 2.7 90 88 2.2 135 123 8.9 
As-5 X Sk-93 78 75 3.8 89 87 2.2 129 124 3.9 
As-5 X Gz-168 75 73 2.7 90 88 2.2 130 125 3.8 
Sk-93 X Gz-168 77 75 2.6 89 87 2.2 125 121 3.2 
Aver. F2

's 78 75 3.8 89 87 2.2 131 123 6.1 
   LSD 0.05 
Watering (W) 0.72 0.83 0.66 
Genotypes (G) 1.39 1.39 1.8 
G x W 1.96 1.97 2.54 

Plant height (cm) Spike length (cm) Spike weight 
Sd-4 X Sk-61 90 89 1.1 14.6 14.3 5.3 3.9 3.5 10.3 
Sd-4 X Mr-5 94 90 4.3 15.0 14.2 6.5 3.7 3.4 8.1 
Sd-4 X As-5 93 87 6.5 13.8 12.9 6.5 3.2 3.0 6.3 
Sd-4 X Sk-93 89 87 2.2 13.8 12.9 5.2 3.6 3.5 2.8 
Sd-4 X Gz-168 90 85 5.6 13.4 12.7 7.9 3.4 3.1 8.8 
Sk-61 X Mr-5 95 92 3.2 15.2 14.0 3.7 3.7 3.4 8.1 
Sk-61 X As-5 90 87 3.3 13.4 12.9 4.9 3.6 3.4 5.6 
Sk-61 X Sk-93 85 83 2.4 12.2 11.6 9.1 3.5 3.1 11.4 
Sk-61 X Gz-168 90 84 6.7 13.2 12.0 5.6 3.5 3.1 11.4 
Mr-5 X As5 101 94 6.9 14.3 13.5 7.7 3.6 3.2 11.1 
Mr-5 X Sk-93 98 94 4.1 14.2 13.1 5.7 3.7 3.4 8.1 
Mr-5 X Gz-168 97 88 9.3 14.0 13.2 6.1 3.7 3.5 5.4 
As-5 X Sk-93 89 86 3.4 13.1 12.3 7.4 3.5 3.2 8.6 
As-5 X Gz-168 85 83 2.4 13.6 12.6 3.8 3.5 3.2 8.6 
Sk-93 X Gz-168 86 84 2.3 13.1 12.6 5.8 3.5 3.1 11.4 
Aver. F2

's 91 87 4.4 13.8 13.0 5.8 3.6 3.3 8.3 
   LSD 0.05: 
Watering (W) 2.82 0.33 0.07 
Genotypes (G) 3.47 0.70 0.22 
G x W 4.91 ns 0.32  
W = Watering, G = Genotypes ,  Change = 100 ( WW -W S ) / WW   , ns = non- significant  
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Table 28. Continued 
F2 cross WW WS Cha. 

% WW WS Cha. 
% WW WS Cha. 

% WW WS Cha. 
% 

 Spikes/ plant Grains/ spike 100-grain weight(g) Grain yield/plant 

Sd-4 X Sk-61 10.7 10.2 4.7 76.0 64 15.8 5.6 5.4 3.6 37.1 34.0 8.4 

Sd-4 X Mr-5 10.8 8.5 21.3 69.0 63 8.7 5.5 5.3 3.6 35.7 28.6 19.9 

Sd-4 X As-5 11.5 10.5 8.7 63.0 58 7.9 5.3 5.2 1.9 33.1 29.9 9.7 

Sd-4 X Sk-93 11.0 10.0 9.1 69.0 66 4.3 5.5 5.3 3.6 36.2 33.6 7.2 

Sd-4 X Gz-168 10.6 10.0 5.7 64.0 55 14.1 5.4 5.2 3.7 33.6 28.9 14.0 

Sk-61 X Mr-5 13.2 10.2 22.7 68.0 64 5.9 5.4 5.2 3.7 44.5 34.8 21.8 

Sk-61 X As-5 11.9 10.7 10.1 66.0 63 4.5 5.3 5.3 0.0 37.6 35.9 4.5 

Sk-61 X Sk-93 10.9 10.2 6.4 66.0 61 7.6 5.4 5.2 3.7 36.7 32.3 12.0 

Sk-61 X Gz-168 11.9 11.1 6.7 65.0 62 4.6 5.5 5.0 9.1 35.1 32.2 8.3 

Mr-5 X As5 11.4 10.7 6.1 68.0 64 5.9 5.5 5.0 9.1 35.8 32.9 8.1 

Mr-5 X Sk-93 10.8 9.4 13.0 71.0 68 4.2 5.2 4.9 5.8 39.0 32.6 16.4 

Mr-5 X Gz-168 10.6 9.4 11.3 71.0 68 4.2 5.1 4.9 3.9 38.0 33.0 13.2 

As-5 X Sk-93 10.8 10.4 3.7 68.0 65 4.4 5.2 4.9 5.8 34.8 33.1 4.9 

As-5 X Gz-168 10.1 8.9 11.9 66.0 63 4.5 5.5 4.9 10.9 31.1 28.2 9.3 

Sk-93 X Gz-168 9.5 8.9 6.3 64.0 61 4.7 5.4 5.1 5.6 31.8 27.3 14.2 

Aver. F2
's 11.0 9.9 10.0 67.6 63 6.8 5.4 5.1 5.6 36.0 31.8 11.7 

   LSD 0.05    
Watering (W) 1.3 1.31 0.19   0.75 

Genotypes (G) 1.36 1.98 0.17   2.42 

G x W   ns     2.80       0.24       3.42  

W = Watering, G = Genotypes,  Change = 100 ( WW -W S ) / WW   , ns = non- significant 

reductions of 4 cm ( in PH), 0.8 cm ( in SL), 0.3 g ( in SW), one spike  

(in SPP), 4.6 grains (in GPS), 0.7 g ( in 100GW) and 4.2 g ( in GYPP). 

Similar or slightly higher reductions in F2 populations due to water 

stress were also reported by Al-Naggar et al. (2004 and 2007b).  

2. Genotypic differences among F2
's  

 Data in Table (28) indicate significant differences among the 15 

F2 populations in all studied traits under both irrigation regimes 

regarding their absolute mean performances as well as relative change 
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(reduction) due to water tress. The earliest F2 cross was (Sd-4 X Sk-61) 

for DTH (73 and 70), DTA (84 and 83) and DTM (120 and 118) under 

well watering (WW) and water stress (WS), respectively. The second 

earliest F2 was (Sd-4 X Mr-5). The two F2 crosses share a common 

parent, namely Sids-4 which showed the earliest parent in Experiment 

Two (Table 11) and Three (Table 28).  

On the contrary, the latest F2 cross was (Sd-4 X As-5) for days 

to heading and (Sk-61 X As-5) for days to anthesis under both 

irrigation regimes. For days to maturity, the F2 cross (Sd-4 X As-5) was 

the latest (136 days) under WW, but the two crosses (Sd-4 X Gz-168) 

and (Sk-61 X Gz-168) were the latest (126 days) under WS conditions. 

Lateness of these crosses may be due to the lateness of the common 

parents Aseel-5 and Giza-168.  

 The tallest F2 cross was (Mr-5 X As-5) (101 and 94 cm), while 

the shortest ones were Sk-61 X Sk-93 (85 cm) and (As-5 X Gz-168) 

(83 cm) under WW and WS, respectively.  

 For grain yield attributes under water stress conditions,  the F2 

cross (Sk-61 X As-5) came in the 1st rank for absolute grain yield/plant 

(35.9 g) and showed the lowest reduction due to water stress (4.5%), 

indicating that this cross is tolerant to drought stress and would be 

suitable for practicing selection for high grain yield under water stress. 

The F2 crosses (Sk-61 X Mr-5, Sd-4 X Sk-61, and Sd-4 X Sk-93) came 

in the 2nd, 3rd and 4th ranks, respectively for absolute GYPP under WS. 

The two F2 crosses (Sd-4 X Sk-61 and Sd-4 X Sk-93) showed very low 

reduction due to water stress (8.4 and 7.2%, respectively).  
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 Under non-stress conditions, the best F2 crosses in absolute 

GYPP were (Sk-61 X Mr-5) (44.5g), (Mr-5 X Sk-93) (39.0g), (Mr-5 X 

Gz-168) (38.0g) and (Sk-61 X As-5) (37.6g) without significant 

differences between the latter three F2 crosses. The two F2 crosses (Sk-

61 X Mr-5) and (Sk-61 X As-5) showed the highest absolute GYPP 

under both water stress and non-stress conditions.  

 It is interesting to mention that plants of the F2 cross (Sd-4 X 

Sk-61) had the longest spike, the heaviest spike and kernel, and the 

earliest one (for DTH, DTA and DTM), especially under water stress 

and occupied the 3rd rank in absolute GYPP. These F2 crosses are 

expected to be good sources to release transgressive sergeants of high 

tolerance to drought stress.  

c. Combining ability in F2
's  

Analysis of variance of general (GCA) and specific (SCA) 

combining ability for studied traits in F2 crosses is presented in Table 

(29). Results show highly significant estimates of GCA mean squares 

for all studied traits of the F'
2s under both water-stress and non-stress 

conditions. Highly significant SCA mean squares were also observed 

for all studied traits of the F2
's under both water-stress and non-stress 

conditions. 

The ratio of GCA/SCA mean squares was greater than unity for 

most studied traits of F2 crosses under both stress and non stress 

conditions, except for DTM and 100GW under WW and SPP and 

GYPP under WS indicating that  additive was  larger in  magnitude and  
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more important than non-additive gene effects (dominance and  

epitasis) in controlling  the inheritance of these traits in the first 

segregating generation of the studied crosses under both environments. 

These results are in agreement with those reported by Menshawy (2000 

and 2005) for DTM, Arshad and Chowdhry (2003) for PH, and Larik et 

al. (1995) and Al-Naggar et al. (2004 and 2007b) for GYPP.  

General combining ability effects from F2 diallel analysis  

Estimates of GCA effects calculated from the analysis of F2 

diallel crosses are presented in Table (30). The best general combiners 

were considered those having the lowest negative GCA effects for 

DTH, DTA and DTM and the highest positive GCA effects for the rest 

of studied F2 traits, i.e., grain yield and its components and PH.  

Data in Table (30) indicate that under well watering conditions, 

the best general combiners were Sk-61 for two traits (GYPP and SPP), 

Maryout-5 for 4 traits (PH, SL, SW and GPS) and Sids-4 for 4 traits 

(DTH, DTA, DTM and 100GW). These  parents  are  expected  to have  

Table 29. Analysis of variance for general (GCA) and specific (SCA) combining 
ability analysis for studied traits of 15 F2 crosses under water stress 
and well watering conditions (Inshas, 2010/ 2011 season).             

S.V.  DTH DTA DTM PH SL SW SPP GPS 100GW GYPP 

Well watering 
GCA 11.80** 13.30** 20.00** 93.40** 3.40** 0.20** 3.00** 69.80** 0.01** 19.70** 

SCA 11.00** 2.50** 31.30** 13.90** 0.50** 0.10** 1.20** 19.40** 0.05** 4.90** 

GCA/SCA 1.07 5.32 0.64 6.72 6.80 2.00 2.50 3.60 0.28 4.02 

Water stress 
GCA 15.80** 14.00** 17.40** 51.40** 2.60** 0.20** 1.10** 24.50** 0.10** 3.80** 

SCA 14.10** 1.80** 5.40** 5.00** 0.30** 0.10** 1.90** 11.80** 0.04** 11.80** 

GCA/SCA 1.12 7.78 3.22 10.28 8.67 2.00 0.58 2.08 2.50 0.32 

 * and ** = significant at 0.05 and 0.01, probability levels, respectively. PH = Plant height (cm), SL = 
Spike length (cm), SPP = Spikes/ plant,  DTH = Days to heading, DTA = Days to anthesis Days to 
maturity, GPS = Grains/ spike, 100GW = 100-grain weight (g), SW = Spike weight (g), GYPP = Grain 
yield/plant (g).                                                                                                                                                           
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Table 30. Estimates of general combining ability (GCA) effects from analysis 
of F2 diallel crosses of wheat under well watering and water stress 
conditions.

 Parent Traits 
  Well watering 

Days to Days to Days to Plant Spike 
heading anthesis maturity height Length 

Sd-4 -0.36 -1.67** -2.39** -0.34 0.43** 
Sk-61 1.06** -0.17 0.69* -1.82** -0.09 
Mr-5 -2.11** 0.0001 -0.39 6.94** 0.93** 
As-5 2.39** 1.83** 3.28** 0.09 -0.20* 
Sk-93 -0.94* -1.00** -2.64** -2.62** -0.67** 
Gz-168 -0.03 1.00** 1.44** -2.25** -0.41* 
SE gi 0.18 0.16 0.27 0.43 0.1 
SE gi-gj  0.27 0.26 0.42 0.67 0.16 

Spike  Spikes Grains 100-grain Grain yield 
weight /plant  /spike weight /plant 

Sd-4 -0.02 -0.16 0.80* 0.09** -1.07* 
Sk-61 0.09* 0.85* 0.88* 0.06** 2.74** 
Mr-5 0.11** 0.38* 2.18** -0.08** 3.24** 
As-5 -0.11** 0.13 -1.80** -0.01 -1.93** 
Sk-93 -0.01 -0.56* -0.04 -0.03 -0.36 
Gz-168 -0.06** -0.64* -2.02** -0.03 -2.62** 
SE gi 0.03 0.18 0.27 0.02 0.46 
SE gi-gj  0.05 0.28 0.42 0.04 0.72 

Days to Days to Days to Plant Spike 
heading anthesis maturity height Length 

 Water stress 
Sd-4 0.22 -2.00** -0.97** 0.08 0.52** 
Sk-61 0.14 0.42* -0.39* -0.75 -0.03 
Mr-5 -1.86** 0.25 -0.64* 5.29** 0.78** 
As-5 3.22** 0.75** 1.36** -0.27 -0.19* 
Sk-93 -1.94** -0.58* -0.72** -0.97** -0.61** 
Gz-168 0.22 1.17** 1.36** -3.38** -0.46** 
SE gi  0.18 0.19 0.19 0.46 0.07 
SE gi - gj  0.28 0.3 0.29 0.72 0.11 

Spike  Spikes Grains 100-grain Grain yield 
weight /plant  /spike weight /plant 

Sd-4 0.03 -0.13 -2.06** 0.21** -0.85 
Sk-61 0.01 0.67** -0.35 0.12** 2.20** 
Mr-5 0.15** -0.40* 2.77** -0.07* 0.38 
As-5 -0.11* 0.39* -0.23 -0.06* 0.38 
Sk-93 0.02 -0.21 1.39** -0.07* 0.11 
Gz-168 -0.10** -0.33 -1.51** -0.12** -2.22** 
SE gi  0.04 0.17 0.49 0.02 0.57 
SE gi - gj  0.06 0.26 0.77 0.03 0.89 

* and ** = significant at 0.05 and 0.01, probability levels, respectively. 
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more additive genes for the respective characters, especially Sk-61 for 

GYPP and SPP and Sids-4 for early maturity and heavy kernels, and 

may be used to improve the respective traits in their F2 cross 

combinations under water stress conditions. Superiority of Sk-61 and 

Sids-4 as best general combiners for the respective traits under WS was 

also confirmed in the F1 diallel analysis under WW conditions in 

Experiment Three (Table 23).  

 Under water stress, the best general combiners were Sids-4 for 6 

traits (DTH, DTA, DTM, SL, SW and 100GW), Maryout-5 for 3 traits 

(PH, SL and GPS), Aseel-5 for two traits (SPP and GYPP) and Sk-61 

for one trait (SPP). In the second rank under WS were Sk-61 for 2 traits 

DTM and 100GW, Mr-5 for SW and GYPP, Sk-93 for DTH and DTA 

and Sids-4 for PH and GPS. The best combiners identified from both F1 

and F2 diallel analyses are more or less similar in most cases under 

WW conditions.  

Specific combining ability effects from F2 diallel analysis  

 Specific combining ability (SCA) effects of the F2 crosses are 

presented in Table (31). Under water stress, the best F2 cross in SCA 

effects was Sd-4 X Sk-61 for 3 traits (DTA, DTM and GYPP), (Sk-61 

X AS-5) for 5 traits (PH, SL, SW, GPS and 100GW), (Sk-61 X Gz-

168) for SPP and (As-5 X Gz-168) for DTH. The F2 cross (Sd-4 X Sk-

93) came in the second rank for GYPP (Table 31).  

 These F2 crosses and especially those showing high SCA effects 

and including one parent of high GCA effects are expected to release 

more transgressive segregants if additive gene effects existed in the 

high general combiner parent and epitasis  acts in the  cross in the same  
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Table 31. Estimates of specific combining ability (SCA) effects for studied 
characters of F2 crosses under well watering and water stress 
conditions.

F2 cross  Traits 
Well watering 

Days to  Days to  Days to Plant  Spike 
heading anthesis maturity height   length 

Sd-4 X Sk-61 -5.25** -2.57** -8.68** 0.93 0.52* 
Sd-4 X Mr-5 -2.75** -1.73** -4.93** -3.74** -0.13 
Sd-4 X As-5 3.42** 2.43** 4.73** 1.36* -0.24 
Sd-4 X Sk-93 0.08 0.60* 3.65** 0.51 0.21 
Sd-4 X Gz-168 4.50** 1.27** 5.23** 0.94 -0.37* 
Sk-61 X Mr-5 2.17** 1.77** 1.98** -1.57* 0.56* 
Sk-61 X As-5 0.33 0.27 1.32* 0.34 -0.12 
Sk-61 X Sk-93 1.00** 0.43 4.23** -2.02** -0.86** 
Sk-61 X Gz-168 1.75** 0.1 1.15* 2.32** -0.1 
Mr-5 X As-5 2.50** -0.23 1.40* 2.06** -0.22 
Mr-5 X Sk-93 -0.5 -0.4 -1.68** 2.03** 0.11 
Mr-5 X Gz-168 -1.42** 0.60* 3.23** 1.23* -0.32 
As-5 X Sk-93 -1.00** -0.57* -2.02** 0.11 0.17 
As-5 X Gz-168 -5.25** -1.90** -5.43** -3.87** 0.41* 
Sk-93 X Gz-168 0.42 -0.07 -4.18** -0.62 0.38* 
SE  sij  0.3 0.28 0.46 0.73 0.18 
SE  sij  - sik  0.47 0.44 0.72 1.16 0.28 
SE   sij - skl  0.39 0.36 0.59 0.95 0.23 

Spike  Spikes Grains 100-grain Grain yield 
weight /plant  /spike weight /plant 

Sd-4 X Sk-61 0.28** -1.05** 6.91** 0.02 -0.54 
Sd-4 X Mr-5 -0.01 -0.47 -1.58* 0.07 -2.46** 
Sd-4 X As-5 -0.23** 0.51 -3.29** -0.12* 0.07 
Sd-4 X Sk-93 0.05 0.65* 0.31 0.08* 1.65* 
Sd-4 X Gz-168 -0.09* 0.36 -2.35** -0.06 1.27 
Sk-61 X Mr-5 -0.11* 0.91* -2.37** 0.04 2.51** 
Sk-61 X As-5 0.07 -0.08 -0.68 -0.09* 0.75 
Sk-61 X Sk-93 -0.15** -0.41 -2.66** -0.01 -1.66* 
Sk-61 X Gz-168 -0.09* 0.62* -1.20* 0.04 -1.08 
Mr-5 X As-5 -0.01 -0.14 -0.31 0.16** -1.54* 
Mr-5 X Sk-93 0.03 -0.1 1.26* -0.07 0.13 
Mr-5 X Gz-168 0.10* -0.21 2.99** -0.21** 1.36* 
As-5 X Sk-93 0.08 0.17 2.41** -0.09* 1.07 
As-5 X Gz-168 0.09* -0.46 1.88** 0.13** -0.36 
Sk-93 X Gz-168 0 -0.31 -1.32* 0.09* -1.2 
SE  sij  0.05 0.31 0.46 0.04 0.79 
SE  sij  - sik  0.09 0.48 0.73 0.07 1.24 
SE   sij - skl  0.07 0.4 0.6 0.05 1.01 
* and ** = significant at 0.05 and 0.01, probability levels, respectively.  
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Table 31 .Continued 
F2 cross  Traits 

 Water stress  
Days to  Days to  Days to Plant  Spike 
heading anthesis maturity height   length 

Sd-4 X Sk-61 -5.32** -1.95** -3.75** 1.76* 0.81** 
Sd-4 X Mr-5 -3.32** -0.45 -1.17** -2.75** -0.04 
Sd-4 X As-5 4.60** -0.95* 0.17 -0.71 -0.46** 
Sd-4 X Sk-93 -0.57* 1.38** 1.92** 0.52 0.00001 
Sd-4 X Gz-168 4.60** 1.97** 2.83** 1.17 -0.31* 
Sk-61 X Mr-5 3.77** 1.13** 1.25** -0.1 0.29* 
Sk-61 X As-5 0.35 0.63* -1.08** 0.67 0.12 
Sk-61 X Sk-93 0.85* 0.3 2.00** -3.13** -0.70** 
Sk-61 X Gz-168 0.35 -0.12 1.58** 0.81 -0.52** 
Mr-5 X As-5 1.68** 0.80* 1.50** 1.54* -0.07 
Mr-5 X Sk-93 -0.82* -1.20** -1.08** 2.47** -0.09 
Mr-5 X Gz-168 -1.32** -0.28 -0.5 -1.16 -0.1 
As-5 X Sk-93 -1.23** 0.3 0.25 -0.27 0.14 
As-5 X Gz-168 -5.40** -0.78* -0.83* -1.23 0.27* 
Sk-93 X Gz-168 1.77** -0.78* -3.08** 0.41 0.65** 
SE  sij  0.31 0.33 0.32 0.79 0.12 
SE  sij  - sik  0.48 0.52 0.5 1.24 0.2 
SE   sij - skl  0.4 0.42 0.41 1.02 0.16 

Spike  Spikes Grains 100-grain Grain yield 
weight /plant  /spike weight /plant 

Sd-4 X Sk-61 0.15 -0.28 3.60** -0.08* 0.97 
Sd-4 X Mr-5 -0.02 -0.94* -0.57 0.08* -2.56** 
Sd-4 X As-5 -0.22* 0.31 -2.28** -0.08* -1.34 
Sd-4 X Sk-93 0.23* 0.36 3.23** 0.08* 2.64** 
Sd-4 X Gz-168 -0.14 0.55* -3.98** -0.01 0.29 
Sk-61 X Mr-5 -0.07 -0.04 -1.77* 0.04 -1.44 
Sk-61 X As-5 0.21* -0.28 1.01 0.16** 1.66 
Sk-61 X Sk-93 -0.17 -0.21 -3.21** -0.02 -1.69* 
Sk-61 X Gz-168 -0.12 0.82* 0.38 -0.10** 0.51 
Mr-5 X As-5 -0.15 0.75* -1.62* 0.00001 0.47 
Mr-5 X Sk-93 0.01 0.04 0.56 -0.10** 0.41 
Mr-5 X Gz-168 0.23* 0.18 3.40** -0.02 3.13** 
As-5 X Sk-93 0.03 0.29 1.05 -0.08* 0.89 
As-5 X Gz-168 0.12 -1.06** 1.84* 0.01 -1.67* 
Sk-93 X Gz-168 -0.1 -0.49 -1.64* 0.13** -2.26* 
SE  sij  0.07 0.29 0.84 0.03 0.97 
SE  sij  - sik  0.11 0.46 1.33 0.05 1.53 
SE   sij - skl  0.09 0.37 1.08 0.04 1.25 
* and ** = significant at 0.05 and 0.01, probability levels, respectively.  
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direction for decreasing the undesirable character and increasing the 

desirable trait of interest.  

 Under well watering conditions, the best F2 cross for SCA 

effects was (Sk-61 X As-5) for 5 traits (PH, SL, SW, GPS and 

100GW), Sd-4 X Sk-61 for two traits (DTA and DTM), and Sk-61 X 

Mr-5 for two traits (SPP and GYPP). It is worthy to note that the cross 

Sk-61 X Mr-5 ranked first for SCA effects of GYPP in both F1 and F2 

diallel analyses under well-watering conditions. In the second rank for 

GYPP came the F2 cross Mr-5 X Gz-168. 

 It is interesting to note that the F2 cross (Sk-61 X As-5) came in 

the 1st rank for SCA effects of 5 traits (PH, SL, SW, GPS and 100GW) 

and the F2 cross (Sd-4 X Sk-6) for 2 traits; DTA and DTM, under both 

WW and WS conditions. 

d. Gene action, heritability and selection gain in F2 populations   

 Components of genetic variance for studied traits in F2 crosses 

are presented in Table (32). Additive genetic variance (δ2
A) for all 

studied traits was much greater in magnitude than dominance variance 

(δ2
D) under both irrigation regimes, as expressed by the (δ2

A/δ2
D) ratio 

which exceeded unity, indicating that the additive is more important 

than dominance variance and plays the major role in the inheritance of 

all studied traits of studied F2 crosses under water stress and non-stress 

conditions. This effect was more pronounced for SL, PH and GYPP 

under well watering and PH, DTA and SL under water stress.  

Previous research on wheat shows two contrasting opinions 

about the relative  importance of additive  and non-additive  variance in 
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the inheritance of wheat traits under stress and non-stress conditions. 

The first opinion supports that additive genetic variance is more 

important than non-additive in controlling yield attributes, earliness and 

plant height ( Singh et al., 1977, Farshadfar et al. 2000 and 2001 and 

Al-Naggar et al., 2007b ). Results of the present investigation on type 

of gene action in F2 crosses confirm the first opinion. 

The second opinion asserts that non-additive gene action is more 

important than additive in the inheritance of yield traits, earliness and 

Table 32. Estimates of additive (δ2
A) and dominance (δ2

D) variance, degree of 
dominance �a” and broad (h2

b) and narrow (h2
n) sense heritabilites 

and expected genetic advance from selection % (GA) in the F2 
populations of 15 diallel crosses. 

Trait δ2
A δ2

D δ2
A / δ2

D �a” h2
b (%)  h2

n (%) GA (%) 

  Well watering 
DTH 11.15 5.45 2.0 0.99 99.1 66.8   6.66 
DTA 5.20 1.20 4.3 0.68 97.4 80.0   4.80 
DTM 28.30 15.50 1.8 1.05 99.3 64.2    5.63 
PH 33.40 6.60 5.1 0.63 98.2 81.9  12.41 
SL 1.20 0.20 6.0 0.58 97.1 80.0  13.70 
SW 0.15 0.05 3.0 0.82 98.1 75.0    7.79 
SPP 1.50 0.50 3.0 0.82 94.3 68.2  14.64 
GPS 31.80 9.50 3.3 0.77 99.1 76.4    8.85 
100GW 0.04 0.02 2.0 1.00 94.9 40.0    1.95 
GYPP 8.25 2.05 4.0 0.70 92.5 74.3  19.58 

Water stress 
DTH 14.40 6.90 2.1 0.98 99.0 67.0  8.03 
DTA 4.70 0.80 5.9 0.58 97.2 82.5   4.41 
DTM 5.80 2.60 2.2 0.95 97.9 68.2   2.93 
PH 16.15 2.05 7.9 0.50 95.2 84.6 10.77 
SL 0.85 0.15 5.7 0.59 97.8 85.0 14.45 
SW 0.15 0.05 3.0 0.82 95.5 75.0 10.40 
SPP 1.55 0.85 1.8 1.05 95.5 59.6 11.24 
GPS 14.55 5.45 2.7 0.87 95.7 69.6   8.85 
100GW 0.05 0.02 3.0 0.82 93.9 45.0   4.67 
GYPP 9.20 5.30 1.7 1.07 92.2 58.6 11.61 
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plant height of wheat (Nanda, et al., 1974, Jain and Singh, 1978 and 

Al-Naggar et al. 2004). 

Disagreement between our conclusion from the present research 

and that of the second opinion might be attributed to differences in the 

genetic background of the plant material used in these studies. In the 

present study, we used F2 populations of 15 diallel crosses, where 

dominance variance is expected to be half of that in their F1
's due to 

inbreeding and additive variance is therefore increased in F2 generation 

as a result of increasing the frequency of homozygous genotypes by 

50%.  

The degree of dominance "a" in F2
’s was partial dominance (a < 

1) for all studied traits under both environments, and over dominance 

for DTM under WW, and SPP and GYPP under WS, (a > 1) and 

complete dominance (a = 1) for 100GW under WW. However, the 

degree of dominance in F1
’s of the same material was over dominance 

for all studied traits. In this context, Chowdhry et al. (1999), 

Mohammed (2001), Al-Naggar et al. (2007b) and Jatoi et al. (2012) 

reported that the degree of dominance was over-dominance for 

spikes/plant, spike length, spikelets/spike, grains/spike, grain 

yield/plant and plant height, while Chowdhry et al. (1999), Subhani 

and Chowdhry (2000) and Tahmasebi et al. (2007) noted that partial 

dominance controlled the inheritance of plant height, spike length, 

spikes/plant, grains/spike, 100-grain weight and grain yield/plant in 

under water stress conditions.  

 Heritability estimates in the broad sense (h2
b) in the F2 crosses 

were very high in magnitude and ranged from 92.5% for GYPP to 
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99.1% for DTH and GPS under WW and from 92.2% for GYPP to 

99.0% for DTH under WS (Table 32). The high estimates of h2
b 

indicate that the genetic variance is the main component of phenotypic 

variance and that the environmental variance is of low influence on the 

studied F2 crosses.   

 The heritability in the narrow sense (h2
n) observed in F2 crosses 

was generally high in magnitude and ranged from 40.0 % for 100GW 

to 81.9 % for PH under WW and from 45.0 % for 100GW to 85.0 % 

for SL under WS conditions (Table 32). The similarity of h2
n to h2

b for 

most studied characters indicates that the additive genetic variance for 

these traits is the main component of total genetic variance and that 

selection in F2 generation across all studied crosses would be of high 

efficiency in obtaining new variants of high tolerance to drought stress. 

This conclusion was supported by several investigators (Shehab El-

Din, 1997, Abd El-Aty and Katta, 2002, Menshawy, 2004 and 2005 

and Al-Naggar et al., 2007b).  

 Predicted gain from selection gain (GA %) (Table 32) based on 

1 % selection intensity and heritability in the narrow sense in the F2 

populations of 15 crosses ranged from 1.95 % for 100GW to 19.58 % 

for GYPP under non-stress and from 2.93 % for DTM to 14.45 % for 

SL followed by 11.61 % for GYPP under water-stress conditions. 

Results of GA in F2
’s under well watering are in the same direction to 

those in F1
’s where GYPP showed the highest estimate. The three traits 

(GYPP, SPP and SL) were in the first three ranks expected GA 

estimate, under both WW and WS environments.      
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 Range, phenotypic and genotypic variances, heritability in the 

broad sense and expected genetic advance (GA %) from selection of 

the best 1 % in each F2 generation of the studied 15 diallel crosses for 

studied yield traits are presented in Table (33). Results in this table 

indicate that the F2 crosses differ in the magnitude of ranges, genotypic 

and phenotypic variances as well as in heritability and expected 

estimates of selection gain for all studied yield attributes.  

 Based on the genetic parameters in this table, it may be 

concluded under well watering, that the best F2 population is that of the 

cross Mr-5 X Sk-93 for selection to improve 6 traits, i.e., GYPP, SPP, 

GPS, 100GW, SW and SL followed by Sd-4 X Sk-93 for grain 

yield/plant and 100G, Mr-5 X Gz-168 for GYPP and SL, As-5 X Sk-93 

for GYPP, GPS, SW and SL and Sk-61 X Mr-5 for GYPP, SPP, GPS 

and 100GW. 

 Under water stress, it is expected that the most responsive F2 

cross to selection based on the estimates of genetic parameters in Table 

(33) is (As-5 X Sk-93) for selection for high GYPP, SPP and SW, 

followed by (Mr-5 X As-5) for high GYPP, SPP, GPS, 100GW, SW 

and SL, (Sk-61 X As-5) for GYPP and GPS, (Sd-4 X As-5) for GYPP, 

SPP, 100GW, SW and SL and then (Sk-93 X Gz-168) for GYPP.  

 It is interesting to note that (Sk-61 X As-5) was the highest 

yielding F2 cross under WS and the most drought tolerant F2 cross 

(lowest reduction in GY due to water stress). Moreover, the F2 cross 

(As-5 X Sk-93) was high yielding and tolerant to WS. These crosses 

are expected to release more drought tolerant transgressive segregants. 
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Table 33. Estimates of some genetic parameters for studied wheat grain yield 
traits of each F2 cross under water stress and well watering 
conditions (Inshas 2010/2011season). 

F2 Cross Range δ2p δ2g h2
b GA% Range δ2p δ2g h2

b GA% 
  L H         L H         

Well watering 

Spike length Spike weight 
Sd-4 X Sk-61 11 18 0.3 0.002 0.8 1.1 3.0 5.8 0.07 0.01 16.8 12.0 
Sd-4 X Mr-5 11 18 0.7 0.051 7.6 16.4 2.7 5.7 0.12 0.02 18.5 17.1 
Sd-4 X As-5 10 16 0.2 0.038 19.1 22.5 2.7 5.5 0.05 0.01 24.5 14.4 
Sd-4 X Sk-93 10 18 0.5 0.023 4.8 8.9 2.8 5.9 0.14 0.02 14.3 14.1 
Sd-4 X Gz-168 11 16 0.2 0.002 0.8 0.9 2.6 5.3 0.03 0.01 26.2 12.8 
Sk-61 X Mr-5 11 17 0.5 0.056 12.3 21.9 2.6 5.6 0.15 0.01 7.8 8.0 
Sk-61 X As-5 10 15 0.2 0.022 12.3 13.8 2.8 5.4 0.07 0.01 14.3 10.1 
Sk-61 X Sk-93 10 16 0.2 0.033 17.9 20.1 2.7 5.2 0.06 0.01 6.5 4.1 
Sk-61 X Gz-168 10 15 0.2 0.028 12.4 15.6 2.4 5.3 0.06 0.01 5.9 3.6 
Mr-5 X As-5 11 17 0.4 0.029 7.6 12.5 2.6 5.3 0.09 0.02 19.3 15.0 
Mr-5 X Sk-93 11 17 0.4 0.090 23.0 38.0 2.8 5.6 0.23 0.03 12.0 15.0 
Mr-5 X Gz-168 11 19 0.6 0.112 19.9 39.3 2.7 5.7 0.11 0.01 10.6 9.3 
As-5 X Sk-93 11 15 0.1 0.028 32.1 25.2 2.8 5.3 0.15 0.09 60.3 61.8 
As-5 X Gz-168 11 14 0.2 0.035 21.3 23.0 2.6 5.1 0.09 0.01 15.3 12.5 
Sk-93 X Gz-168 11 15 0.5 0.052 10.3 19.4 2.5 5.0 0.15 0.02 14.1 14.6 

Spikes/plant Grains/spike 
Sd-4 X Sk-61 6 23 1.4 0.2 18.1 6.0 52.0 96.0 44.4 5.7 12.9 3.0 
Sd-4 X Mr-5 6 20 2.6 0.1 4.8 2.0 49.0 97.0 22.1 3.8 17.3 3.5 
Sd-4 X As-5 5 24 3.4 0.9 27.1 11.9 51.0 95.0 24.4 6.1 25.1 5.4 
Sd-4 X Sk-93 6 23 4.2 0.4 9.0 4.5 46.0 94.0 45.6 6.4 14.0 4.1 
Sd-4 X Gz-168 7 24 2.2 0.2 7.5 3.2 45.0 86.0 19.4 5.8 29.8 5.4 
Sk-61 X Mr-5 7 33 5.3 3.1 58.2 27.5 51.0 97.0 60.8 20.8 34.2 10.5 
Sk-61 X As-5 6 23 3.3 0.3 8.8 3.6 51.0 92.0 19.7 5.1 25.8 5.0 
Sk-61 X Sk-93 7 22 1.7 0.5 29.2 9.5 52.0 92.0 25.3 6.9 27.1 5.4 
Sk-61 X Gz-168 5 22 1.3 0.2 15.3 5.3 47.0 88.0 24.2 7.9 32.5 6.5 
Mr-5 X As-5 6 23 3.9 0.9 21.9 10.8 46.0 96.0 33.0 7.8 23.7 5.9 
Mr-5 X Sk-93 6 23 4.7 1.6 34.3 19.4 47.0 95.0 116.0 53.7 46.3 18.3 
Mr-5 X Gz-168 7 21 2.2 0.1 5.7 2.1 53.0 94.0 85.2 17.4 20.4 6.9 
As-5 X Sk-93 5 24 2.7 0.3 11.3 5.0 48.0 94.0 42.8 20.5 47.9 12.5 
As-5 X Gz-168 6 20 3.1 0.2 7.3 3.8 43.0 88.0 37.6 9.9 26.4 7.1 
Sk-93 X Gz-168 6 21 1.2 0.1 6.1 1.8 44.0 88.0 43.4 7.7 17.8 5.0 

100-grain weight Grain yield/plant 
Sd-4 X Sk-61 4.8 6.3 0.1 0.007 10.7 1.4 23.3 93.7 4.5 1.3 29.6 4.5 
Sd-4 X Mr-5 4.8 6.4 0.1 0.019 39.3 4.4 20.4 86.2 25.6 7.5 29.3 11.6 
Sd-4 X As-5 4.6 6.1 0.0 0.010 25.0 2.4 21.2 96.2 27.3 9.2 33.6 14.9 
Sd-4 X Sk-93 4.8 6.3 0.1 0.043 81.2 9.2 22.3 91.1 75.4 29.7 39.4 26.0 
Sd-4 X Gz-168 4.5 6.2 0.1 0.003 5.9 0.6 21.8 69.5 28.0 12.3 44.0 19.5 
Sk-61 X Mr-5 4.6 6.2 0.1 0.086 81.2 13.2 22.3 71.3 44.4 24.1 54.2 21.5 
Sk-61 X As-5 4.8 6.1 0.0 0.001 7.4 0.5 20.6 85.7 24.2 8.0 33.0 11.6 
Sk-61 X Sk-93 4.4 6.2 0.0 0.031 75.8 7.5 19.4 82.4 19.9 6.4 32.3 10.4 
Sk-61 X Gz-168 4.5 6.2 0.0 0.014 31.6 3.2 16.2 86.7 20.1 9.9 49.0 18.9 
Mr-5 X As-5 4.4 6.0 0.0 0.016 61.6 4.8 16.3 83.1 41.5 17.2 41.5 20.6 
Mr-5 X Sk-93 4.6 6.4 0.1 0.073 78.4 12.2 19.7 92.o 116.6 81.8 70.1 52.5 
Mr-5 X Gz-168 4.6 6.1 0.1 0.026 30.4 4.7 21.1 86.7 42.6 22.5 52.9 24.0 
As-5 X Sk-93 4.7 6.2 0.0 0.019 72.6 5.9 21.6 88.0 36.2 18.7 51.5 24.2 
As-5 X Gz-168 4.5 6.2 0.0 0.005 14.9 1.4 17.8 89.3 30.2 8.8 29.2 14.4 
Sk-93 X Gz-168 4.4 6.1 0.1 0.003 7.4 0.8 20.0 84.8 40.8 13.1 32.2 17.7 
R = range,  δ2p = phenotypic variance, δ2g =  genotypic variance, L and H indicate lower and higher limits of the range, 
       GA % = Expected genetic advance from selection. 
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Table 33. Continued. 
Range δ2p δ2g h2

b GA% Range δ2p δ2g h2
b GA% 

F2 Cross L H L H 
  Water stress 

Spike length Spike weight 
Sd-4 X Sk-61 11 16 0.79 0.112 14.2 33.3 2.8 5.6 0.10 0.003 2.6 3.9 
Sd-4 X Mr-5 11 16 0.7 0.097 14.0 30.8 2.4 5.3 0.19 0.032 16.7 25.1 
Sd-4 X As-5 11 15 0.63 0.097 15.4 32.3 2.4 5.2 0.15 0.023 15.1 22.7 
Sd-4 X Sk-93 11 16 1.03 0.014   1.4   3.8 2.3 5.4 0.60 0.044 7.3 11.0 
Sd-4 X Gz-168 11 14 0.25 0.011   4.3   5.7 2.2 4.5 0.05 0.002 4.7 7.1 
Sk-61 X Mr-5 11 17 0.8 0.013   1.6   3.8 2.4 5.4 0.47 0.019 4.1 6.2 
Sk-61 X As-5 11 13 0.38 0.015   4.1   6.6 2.5 5.3 0.25 0.014 5.6 8.4 
Sk-61 X Sk-93 10 13 0.26 0.006   2.3   3.0 2.3 5.1 0.09 0.011 12.8 19.2 
Sk-61 X Gz-168 11 14 0.37 0.017   4.6   7.4 2.7 5.0 0.28 0.021 7.5 11.3 
Mr-5 X As-5 11 16 0.66 0.049   7.4 15.9 2.4 5.1 0.36 0.084 23.5 35.3 
Mr-5 X Sk-93 11 16 0.7 0.073 10.4 23.1 2.4 5.6 0.38 0.064 16.9 25.4 
Mr-5 X Gz-168 11 16 0.63 0.034   5.3 11.3 2.4 5.6 0.22 0.018 8.4 12.6 
As-5 X Sk-93 10 14 0.22 0.018   8.2 10.1 2.3 5.2 0.08 0.023 27.8 41.7 
As-5 X Gz-168 10 13 0.2 0.017   8.6 10.1 2.6 5.0 0.08 0.008 10.0 15.0 
Sk-93 X Gz-168 10 13 0.29 0.029 10.0 14.3 2.3 5.0 0.16 0.021 13.1 19.7 

 Spikes/plant Grains/spike 

Sd-4 X Sk-61 5 20 5.1 0.5 10.2 6.0 48 90 37.0 5.8 15.8 3.9 
Sd-4 X Mr-5 5 17 2.6 0.3 12.0 6.0 43 91 65.4 7.8 11.9 4.1 
Sd-4 X As-5 6 21 5.7 2.7 48.0 29.0 42 92 41.5 5.4 13.1 4.1 
Sd-4 X Sk-93 6 20 4.2 0.4 9.9 5.4 43 91 204.5 83.9 41.0 23.4 
Sd-4 X Gz-168 5 22 2.6 0.4 17.3 7.2 41 82 25.8 2.4   9.2 2.3 
Sk-61 X Mr-5 5 19 2.3 0.1 3.7 1.5 43 91 180.9 80.2 44.3 24.8 
Sk-61 X As-5 6 22 5.1 0.6 11.9 6.6 47 85 82.6 12.5 15.2 8.0 
Sk-61 X Sk-93 7 20 2.7 0.3 11.2 4.7 44 87 36.8 6.1 16.6 4.4 
Sk-61 X Gz-168 6 19 5.5 0.3 5.3 3.0 44 84 111.1 21.7 19.5 8.9 
Mr-5 X As-5 5 20 5.4 2.3 43.4 24.9 47 90 141.2 70.0 49.6 24.5 
Mr-5 X Sk-93 5 21 3.4 0.3 7.7 4.1 46 89 125.9 63.6 50.5 21.6 
Mr-5 X Gz-168 6 25 3.0 0.6 18.7 9.2 48 90 88.3 25.1 28.4 9.8 
As-5 X Sk-93 6 28 9.7 4.3 44.0 35.0 48 88 35.4 11.1 31.3 7.5 
As-5 X Gz-168 5 20 3.7 0.2 6.7 3.8 44 84 28.7 7.3 25.3 5.6 
Sk-93 X Gz-168 5 19 4.6 0.4 8.3 5.3 45 81 64.6 14.0 21.6 7.5 

 100-grain weight Grain yield/plant 
Sd-4 X Sk-61 4.7 6.2 0.03 0.012 37.7 3.3 21.6 80.0 63.6 17.0 26.8 16.7 
Sd-4 X Mr-5 4.7 6.3 0.02 0.009 46.7 3.2 18.7 73.3 42.8 7.5 17.5 10.7 
Sd-4 X As-5 4.5 6.0 0.02 0.01 49.1 3.5 17.6 82.7 62.0 16.8 27.1 18.9 
Sd-4 X Sk-93 4.6 6.1 0.01 0.00 0.3 0.0 20 75.5 63.6 18.0 28.2 17.7 
Sd-4 X Gz-168 4.3 5.8 0.07 0.01 15.9 2.0 17.4 64.0 23.6 3.3 13.9  6.2 
Sk-61 X Mr-5 4.7 6.1 0.02 0.005 18.9 1.5 18.8 68.2 43.4 11.8 27.3 14.4 
Sk-61 X As-5 4.7 6.0 0.04 0.011 27.1 2.7 22.5 74.4 83.4 41.1 49.3 33.2 
Sk-61 X Sk-93 4.8 5.8 0.01 0.002 17.2 0.9 17.3 77.8 32.2 2.8  8.7  4.1 
Sk-61 X Gz-168 4.5 5.6 0.02 0.002 10.6 0.8 17.8 73.3 46.5 5.2 11.2  6.2 
Mr-5 X As-5 4.4 5.8 0.02 0.008 44.4 3.2 15.7 78.7 80.9 49.3 60.9 44.0 
Mr-5 X Sk-93 4.4 6.1 0.02 0.001 5.4 0.5 18.7 72.8 48.4 13.5 27.9 16.2 
Mr-5 X Gz-168 4.6 5.9 0.01 0.002 15.1 0.9 19.8 81.5 67.4 14.0 20.8 13.7 
As-5 X Sk-93 4.4 5.8 0.01 0.001 14.7 0.8 22.6 101.1 149.1 109.3 73.4 71.6 
As-5 X Gz-168 4.6 6.0 0.01 0.002 16.8 1.1 19.4 78.7 52.1 8.9 17.0 11.6 
Sk-93 X Gz-168 4.6 5.6 0.03 0.006 18.6 1.7 17.7 72.5 56.3 14.7 26.1 18.9 
R = range,  δ2p = phenotypic variance, δ2g =  genotypic variance, L and H indicate lower and higher limits of the range,           

GA % = Expected genetic advance from selection. 
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  e. Trait interrelationships in F2 crosses  

 Estimates of simple correlation coefficients between studied 

traits of F2 crosses are presented in Table (34). Under well watering, 

grain yield/plant of F2
's was significantly correlated with SPP (r = 

0.70), SW (r = 0.57), SL (r = 0.50), PH (r = 0.50) and GPS (r = 0.45). 

Under WW, number of grains/spike was positively and highly 

significantly correlated with spike weight (r = 0.91). Spike length was 

significantly and positively correlated with plant height (r = 0.67) under 

WW. Pairs of correlations among DTH, DTA and DTM were positive 

and significant, under WW, as expected. It is interesting to mention that 

a significant and negative correlation existed between DTH and each of 

SL, SW and GPS; between DTA and each of SW, GPS and 100 GW and 

between DTM and each of SL, SW, GPS and 100 GW under WW. 

Table 34. Estimates of simple correlation coefficients between studied traits of 
F2 crosses under water stress (below diagonal) and well watering 
(above diagonal) conditions (n = 45).                                                         

Trait DTH DTA DTM PH SL SW SPP GPS 100GW GYPP 

DTH   0.71** 0.79** -0.09 -
0.40** 

-
0.71** 0.46** -

0.72** 0.02 -0.12 

DTA 0.40**   0.88** 0.13 -0.25 -
0.58** 0.36* -

0.65** -0.42** -0.05 

DTM 0.60** 0.75**   0.14 -0.32* -
0.57** 0.47** -

0.60** -0.33* 0.05 

PH -0.15 -0.12 -0.29   0.67** 0.30 0.36* 0.37* -0.39* 0.50** 

SL -0.27 -0.36* -
0.56** 0.70**   0.50** 0.34* 0.55** 0.13 0.50** 

SW -0.68** -0.25 -
0.53** 0.48** 0.56**   0.03 0.91** 0.01 0.57** 

SPP 0.57** 0.30 0.43** 0.01 -0.27 -0.30   -0.03 0.05 0.70** 

GPS -0.67** -0.07 -0.39* 0.49** 0.29 0.78** -0.20   -0.02 0.49** 

100GW 0.07 -0.39* -0.34* -0.01 0.42** 0.24 0.09 -0.30   -0.21 

GYPP -0.04 0.17 -0.06 0.41** 0.16 0.51** 0.61** 0.51** 0.18   

 * and ** = significant at 0.05 and 0.01, probability levels, respectively. PH=Plant height (cm), SL= Spike length 
(cm), SPP = Spikes/ plant, DTH = Days to heading, DTA= Days to anthesis, DTM = Days to maturity, GPS 
= Grains/ spike, 100 GW = 100-grain weight (g), SW=Spike weight (g), GY PP= Grain yield/plant (g). 
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Under water-stress, grain yield/plant of F2 crosses showed 

positive significant correlation with each of SPP (r = 0.61), GPS (r = 

0.51), SW (r = 0.51) and PH (r = 0.41). Grains/spike of F2
's showed a 

strong significant positive correlation with spike weight (r = 0.78) 

under WS. Moreover, a strong significant positive correlation was 

recorded in F2
's between spike length and plant height under WS (r = 

0.70). Spike length was also significantly and positively correlated (r = 

0.56) with spike weight under WS. The three earliness traits of F2
's, 

i.e., DTA, DTH and DTM under WS were significantly and positively 

inter-correlated, similar to WW conditions, but with slightly lower 

values. It is also interesting that in F2 crosses under WS, negative and 

significant correlations were found between DTH and each of SW (r = -

0.68) and GPS (r = -0.68), between DTA and each of SL (-0.36) and 

100GW (r = -0.39) and between DTM and each of SL (-0.56), SW (r = 

-0.53), GPS (r = -0.39) and 100GW (r = -0.34).  

 Traits showing a strong correlation with grain yield and 

moderate or high heritability may be used in selection criteria for 

improving grain yield in addition to grain yield itself. In the present 

study , selection criteria that could be used in F2 populations of the 15 

studied diallel crosses are PH (r = 0.50 and h2
n = 86.5%), SL (r = 0.50 

and h2
n = 81.4%), SPP (r = 0.70 and h2

n = 66.4 % ) and SW  (r = 0.57 

and h2
n = 34.8%) under WW and PH (r = 0.41 and h2

n = 86.6%), SPP ( 

r = 0.61 and h2
n = 44.0%), GPS ( r = 0.51 and h2

n = 41.4 %)  and SW ( r 

= 0.51 and h2
n = 24.8%) under WS conditions.  

 Therefore, selection in the F2 generation across all studied diallel 

crosses for number of spikes/plant, plant height, spike length and spike 
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weight under WW and number of spikes/plant, plant height, number of 

grains/spike and spike weight under WS conditions would 

simultaneously improve grain yield/plant in the studied material under 

the respective irrigation regime. This would be more efficient if 

selection was practiced in the F2 populations of the cross As-5 X Sk-93 

under both irrigation regimes, (Mr-5 X Sk-93), (Sd-4 X Sk-93), (Mr-5 

X Gz-168) and (Sk-61 X Mr-5) under well irrigation and Mr-5 X As-

5), (Sk-61 X As-5), (Sd-4 X As-5) and (Sk-93 X Gz-168) under water 

stress conditions, since these crosses showed high heritability estimates 

for the abovementioned traits.  

In this context, Al-Naggar et al. (2004) concluded that selection 

for higher plant height and/or number of spikelets/spike under drought 

stress conditions would simultaneously, improve grain yield, in their 

genetic materials. Results of Al-Naggar et al. (2007b) exhibited a very 

high positive genetic correlation between grain yield and spikes/plant 

(rg=1.00 under water stress and 0.99 under non-stress). They suggested 

that number of spikes/plant is the most important factor for increasing 

grain yield/plant under water stress and non-stress conditions 

Moreover, grain yield showed highly significant positive correlations 

with plant height, number of kernels/spike and 100-kernel weight under 

both water stress and normal conditions (EL-Borhamy, 2000; Mahak et 

al., 2001; Gautam and Sethi, 2003 and Mohamed, 2004). 
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5. Experiment Five (Selection experiment)  

 Selection for desirable plant types in wheat could be practiced in 

heterogeneous populations resulting from segregating generations 

following hybridization or via mutation induction through physical or 

chemical mutagen treatments including gamma rays. Selection for 

qualitative characters is simple and quick, but that for quantitative 

characters such as drought tolerance is often difficult and time 

consuming (Singh, 2000). Rajaram et al. (1997) stated that the 

CIMMYT's approach to wheat breeding for drought tolerance depends 

on growing the segregating wheat generations under limited moisture 

and low fertility conditions, and the characters that are important for 

selection of individual plant for drought stress situations include 

relative higher yield. Moreover, gamma irradiation was successfully 

used for inducing high-yielding mutants under drought stress 

conditions (Al-Naggar et al., 2004 and 2007b).  

 In the present study, 162 plants with derisible traits related to 

drought tolerance were selected 53 from M2 bulks; 21 of which are 

selected under water stress and 32 under well-watered conditions and 

109 from F2 populations of diallel crosses between six wheat 

genotypes; 57 of which were selected under water stress and 52 under 

irrigation in 2010/2011 season. Progenies of these selections (53 M3 

and 109 F3 families) were evaluated in 2011/2012 season along with 

their seven parental cultivars (Sids-4, Sakha-61, Maryout-5, Aseel-5, 

Sakha-93, Giza-168 and Sahel-1) for grain yield and earliness attributes 

under water stress and non stress conditions. 
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  a. Analysis of variance of selection experiment  

 Analysis of variance of the split plot experiment that included 

two irrigation regimes in the main plots and 169 wheat genotypes in the 

sub-plots (53 M3 selected families, 109 F3 selected families and 7 

parents) for studied characters is presented in Table (35). 

Results indicated that mean squares due to irrigation regimes 

and those due to genotypes were highly significant for all studied traits, 

suggesting the significant effect of both irrigation regime and genotype 

on such traits.  Mean squares due to genotypes X irrigation regimes 

interaction were highly significant for all studied traits,  suggesting that  

Table 35. Analysis of variance of split plot design for 169 genotypes including 
162 selected families (53 from M2 and 109 from F2) and 7 parents 
under water stress and well watering conditions (Inshas, 2011/ 2012 
season). 

S.V. d.f. Mean squares                                            
Days to  Days to  Days to Plant  Spike 
heading anthesis maturity height   length 

Replication 2 14.1 9.3 2.8 1.1 0.0183 

Watering (W) 1 1063.4** 1550.3** 943.7** 9040.4** 67.9** 

Error a 2 1.6 5.2 7.5 1.0 0.01 

Genotypes (G) 168 71.1** 101.8** 72.7** 336.3** 7.5** 

G x W 168 4.0** 5.0** 0.6** 23.2** 0.4** 
Error b 672 0.3 0.2 0.2 0.5 0.01 

Spike  Spikes Grains 100-grain Grain yield 
weight /plant  /spike weight /plant 

Replication 2 0.0002 0.0005 92.2 0.01 0.1 

Watering (W) 1 44.2** 285.3** 9263.7** 96.0** 13576.2** 

Error a 2 0.02 0.0005 5.8 0.003 1.0 

Genotypes (G) 168 0.9** 14.7** 187.5** 1.0** 220.2** 

G x W 168 0.2** 1.2** 8.6** 0.2** 24.7** 
Error b 672 0.003 0.01 0.6 0.003 0.4 
 ** = significant at 0.01, probability level.  
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performance of the studied genotypes in this experiment varied with 

water supply, confirming the results of other workers (Fischer and 

Maurer, 1978; Sharma and Bhargava, 1996; Ragab and Sobieh, 2000 

and Al-Naggar et al., 2004, 2007b and 2012). 

b. Comparison of the performance of four selection groups  

 The 169 evaluated  genotypes were partitioned into five groups, 

namely, 7 parents, 21 M3 families selected under WS, 32 M3 families 

selected under WW, 57 F3 families selected under WS  and 52 F3 

families selected under WW. Group means and best genotype mean in 

each of these groups under WW and WS conditions are presented in 

Table (36). Results of this table indicate that means of all four selection 

groups were higher than the mean of parents group (non-irradiated 

cultivars) when evaluating both under water stress or non-stress 

conditions. Moreover, means of grain yield attributes of the best 

selection in each of the four selection groups were markedly higher and 

were earlier in maturity (lower) than the best parent under both WW 

and WS conditions. This superiority of the selections over parents in 

grain yield and earliness traits is advantageous for drought tolerance.  

 In general, selection in this experiment under WS was more 

efficient than selection under WW when the target environment is WS, 

while the opposite is true, i.e., selection under WW is more efficient 

than under WS when the target environment is WW conditions. 

Published research on water stress shows two contrasting 

strategies for identifying high yielding  genotypes under stress environ-  
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Table 36. Summary of group mean (X) and best (B)  genotype mean of 7Ps, 53 
families selected from M2

's (21 under WS and 32 under WW) and 
109 families selected from F2

's (57 under WS and 52 under WW) for 
studied traits under water stress (WS) and well watering (WW) 
conditions (2011/ 2012 season). 

Group Traits
Para- Days to  Days to  Days to Plant  Spike 
meter heading anthesis maturity height   length 

7 Parents WW X 95 102 135   96 13.8 
WS X 93 101 134   90 13.1 
WW B 87   96 133 107 16.4 
WS B 87   95 132 100 16.2 

21 M3 families   WW X 96 107 136   94 13.0 
selected under WS WS X 95 104 134   89 12.8 

WW B 92 100 132 104 15.7 
WS B 91   92 130 102 14.9 

32 M3 families  WW X 97 108 137 93 13.0 
 selected under WW WS X 94 105 135 89 12.8 

WW B 88 96 128 103 15.5 
WS B 82 92 126 101 14.1 

57 F3 families   WW X 93 103 135  95 14.0 
selected under WS WS X 91 100 133  88 13.3 

WW B 85 95 122 121 16.5 
WS B 82 92 119 105 16.3 

52 F3 families   WW X 94 104 135 98 14.0 
selected under WW WS X 92 102 133 92 13.2 

WW B 89 100 123 127 17.5 
WS B 85 94 121 112 16.3 

LSD 0.05 0.84 0.66 0.65 0.9 0.12 
Spike  Spikes Grains 100-grain Grain yield 
weight /plant  /spike weight /plant 

7 Parents WW X 3.9 8.3 75 5.1 32.0 
WS X 3.5 7.6 70 4.6 26.6 
WW B 5.1 10.1 90 5.5 37.3 
WS B 4.3 9.1 84 5.0 33.3 

21 M3 families   WW X 3.6 9.4 73 4.9 32.3 
selected under WS WS X 3.2 8.5 68 4.4 27.6 

WW B 4.2 13.6 85 5.6 48.2 
WS B 3.7 13.3 80 4.9 42.8 

32 M3 families  WW X 3.6 9.4 73 5.1 33.6 

 selected under WW WS X 3.3 8.5 67 4.5 28.0 
WW B 4.5 13.3 88 6.1 53.3 
WS B 4.0 11.7 79 5.1 42.0 

57 F3 families   WW X 4.0 9.4 72 5.3 36.4 
selected under WS WS X 3.5 8.2 66 4.6 28.2 

WW B 6.7 13.3 113 6.3 54.2 
WS B 6.7 11.4 108 6.0 45.6 

52 F3 families   WW X 4.0 9.1 71 5.3 35.2 
selected under WW WS X 3.5 7.9 64 4.6 27.2 

WW B 5.0 12.3 81 6.3 56.1 
WS B 5.0 11.0 75 6.1 39.4 

LSD 0.05   0.08 0.12 1.13 0.08 0.80 
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ments: First, genotypes may be evaluated under the conditions in which 

they will be ultimately used, namely a certain type of stress 

environment, to minimize genotype X environment interaction. 

Ceccarelli (1989) has argued for this approach, but it may result in 

lower heritability, particularly across years. Second, genotypes may be 

evaluated under optimum conditions that maximize heritability; but in 

this case, problems with genotype X environments may be 

encountered. Braun et al. (1992) has argued for this approach, citing 

results from 17 years of CIMMYT winter performance trails. 

Our results are in favor of the first strategy. The direct selection 

under water stress would ensure the preservation of alleles for drought 

tolerance (Langer et al., 1979) but direct selection under optimal 

environment would take advantage of the high heritability (Allen et al., 

1978; Blum, 1988; Smith et al., 1990 and Braun et al., 1992).  A third 

alternative, which is currently used at CIMMYT, deploys the 

simultaneous evaluation under both near optimum and stress 

conditions, with selection of those genotypes that perform well in both 

environments (Calhoun et al., 1994). However, ultimate evaluation of 

selections must be performed in the target environment prior to 

recommendation of a cultivar for commercial production.  

Further selection and evaluation under drought stress conditions 

should be continued in the selected superior M3 and F3 families derived 

from the present investigation in order to assure their superiority in 

drought tolerance and select the most stable and high yielding families 

under drought stress conditions.  
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Selection in the F2
's under water stress (the group of 57 F3 

families selected under WS) gave the highest mean of grain yield 

attributes and the earliest and highest yielding selection under both 

WW and WS conditions (Table 36). The best selected entry from this 

group (F3 families selected under WS) was earlier than the earliest 

parent by 11 days under WW and 13 days under WS. 

 In general, selection from segregating generations (F2 in this 

study) either under WS or WW is more efficient than selection from M2 

bulks when selections are evaluated under WW. Thus selection in 

segregating generations under WS is more efficient when the 

evaluation of selections is under WS. On the contrary, selection in 

segregating generations under WW is less efficient especially when the 

target environment is WS. 

 It is worthnoting that selection in segregating generations (in 

F2) was generally more efficient in improving earliness than selection 

in irradiated M2 populations in this experiment. 

c. Characterizing the best M3 and F3 selected families     

 The highest yielding twelve  selected families; M3 (7) and F3 (5) 

under water-stress conditions were identified on the basis that they 

showed significant superiority in grain yield/plant over the best parent 

under the same conditions (WW) by about 15% or= more. Out of the 

four selection groups (21 M3 families selected under WS, 32 M3 

families selected under WW, 57 F3 families selected under WS and 52 

F3 families selected under WW), 2, 5, 3 and 2 families, respectively 
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significantly outyielded the best parent under WS conditions by at least 

15 %.  

 The best twelve selected families (SF) included 7 M3 families; 

two (SF2 and SF3) selected under WS, i.e., Sk-93-WS-PM2 and Gz-

168-WS-PM2, respectively and five (SF1, SF4, SF5, SF6 and SF7) 

selected under WW, i.e., As-5-WW-PM5, Gz-168-WW-PM5, Gz-168-

WW-PM6, Sh-1-WW-PM6 and Sh-1-WW-PM7, respectively and 5 F3 

families; three (SF9, SF10 and SF11) selected under WS , i.e., Sd4 X 

Mr5-WS-PS2, Sk61 X As5-WS-PS3 and Sk61 X Sk93-WS-PS2, 

respectively and two (SF8 and SF12) under WW, i.e., Sd4 X Sk61-

WW-PS8 and Mr5 X Sk93-WW-PS8, respectively.  

 Means of studied traits of the best 12 families and the 7 parental 

genotypes under WS are presented in Table (37) and WW in Table 

(38). On average, under WS conditions the group of the best 5 F3 

families showed the highest mean grain yield (41.2 g), while the group 

of 7 parents exhibited the lowest grain yield (26.6 g) (Table 37). In the 

same manner, under WW conditions (Table 38), both groups of best M3 

and F3 families showed higher average grain yield/plant (46.2 and 47.7 

g, respectively) than that of parents group (32.0 g). Moreover, yield 

reduction due to water stress in the best M3 and best F3 groups (12.0 

and 13.3% on average, respectively) was less than that of the parents 

group (17.1%) (Table 37). This means that in this experiment, selection 

practiced in both M2 and F2 populations was effective in producing 

higher yielding families of higher drought tolerance than the original 

parents and the success of the two procedures, i.e., gamma-ray 

mutation induction and hybridization followed by transgressive segreg- 
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 Table 37. Mean performance of the 12 best selected families (7 best M3 and 
best 5 F3 families) and their parents for studied wheat traits under 
water stress (WS) conditions (2011/ 2012 season).

Geno- DTH DTA DTM PH SL   SW  SPP GPS 100GW GYPP  Red. 

type       (cm) (cm) (g)     (g)  (g) % 

Best M3    
SF1 95 111 141 95 13.7 3.6 11.7 75 4.4 42.1 10.0 

SF2 102 112 141 96 14.1 3.3 13.3 68 4.7 42.0 12.1 

SF3 91 102 135 89 14.1 3.7 11.9 74 4.3 42.8 11.2 

SF4 94 103 137 87 13.7 4.0 10.1 71 4.4 39.9 10.1 

SF5 93 102 137 84 13.5 3.5 11.3 65 4.6 39.3 11.9 

SF6 95 105 129 101 13.4 3.7 10.9 68 4.8 40.2 13.0 

SF7 98 111 139 80 13.1 3.3 11.9 64 4.8 38.2 15.3 

Av. (M3) 95.4 106.6 137.0 90.3 13.7 3.6 11.6 69.3 4.6 40.6 12.0 

 Best F3    
SF8 89 98 131 103 13.5 3.6 10.9 67 5.0 38.2 11.6 

SF9 82 92 131 97 14.3 4.1 11.2 71 5.0 45.6 6.9 

SF10 92 100 132 90 12.0 4.0 9.7 72 5.5 38.5 29.0 

SF11 88 96 133 85 13.9 3.9 11.4 64 5.6 44.2 6.2 

SF12 87 99 131 85 16.3 5.0 8.0 64 5.6 39.4 12.6 

Av. (F3) 87.6 97 131.6 92 14 4.1 10.2 67.6 5.3 41.2 13.3 

Parents   
P1 87 95 132 96 16.2 4.3 5.3 84.0 5.0 23.1 24.6 

P2 92 100 132 79 10.3 3.1 8.1 63.0 4.4 24.8 17.7 

P3 95 103 138 94 14.2 3.8 6.9 76.0 4.9 26.1 13.4 

P4 96 101 132 92 13.1 3.4 9.1 69.0 4.6 33.3 10.6 

P5 94 101 132 81 12.2 3.2 8.7 66.0 4.4 28.2 17.0 

P6 95 102 136 86 12.6 3.6 7.3 65.0 4.2 26.0 15.5 

P7 94 107 133 100 13.3 3.3 7.5 68.0 4.8 24.7 20.8 

Av. (P) 92.9 100.9 133.5 89.9 13.1 3.5 7.6 70.1 4.6 26.6 17.1 

LSD 0.05 0.67 0.58 0.56 1.08 0.13 0.08 0.13 0.90 0.07 0.80   

Red. (Reduction %) = 100(GYPP under WW - GYPP under WS)/ GYPP under WW,  P = Parents, Av. = 
Average F3 = best F3 families,  M3 = best M3 families. 
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Table 38. Mean performance of the 12 best selected families (7 best M3 
and best 5 F3 families) and their parents for studied wheat 
traits Best families and parents under well watering (WW) 
conditions (2011/ 2012 season).

Geno- DTH DTA DTM PH  SL   SW  SPP GPS 100GW  GYPP  

type     (cm) (cm)  (g)     (g)  (g) 

Best M3  
SF1 96 112 142 100 14.0 3.8 12 80 5.0 46.8 

SF2 103 113 142 103 14.6 3.5 14 72 5.2 47.8 

SF3 92 104 136 95 14.7 3.9 13 80 4.9 48.2 

SF4 96 104 139 91 14.1 4.1 11 78 5.3 44.4 

SF5 95 105 139 90 14.5 3.6 13 71 5.5 44.6 

SF6 98 109 131 103 13.6 4.0 12 74 6.1 46.2 

SF7 104 117 141 85 13.3 3.7 12 70 5.7 45.1 

Av. (M3) 97.7 109.1 138.6 95.3 14.1 3.8 12.3 75 5.4 46.2 

 Best F3          
 

 

SF8 92 101 133 106 14 3.8 12 73 5.2 43.2 

SF9 85 95 132 100 15 4.1 12 77 5.6 49.0 

SF10 93 102 134 104 13 4.6 12 77 6.3 54.2 

SF11 89 98 134 93 14 4.1 12 72 6.3 47.1 

SF12 89 100 133 93 17 4.8 9.5 73 5.7 45.1 

Av. (F3) 89.6 99.2 133.2 99.2 14.48 4.3 11.3 74 5.8 47.7 

Parents         
 

 

P1 89 96 134 102 16 5.1 5.5 90 5.5 30.6 

P2 94 102 134 83 12 3.4 9.1 68 4.8 30.1 

P3 97 104 140 100 15 4.2 7.2 80 5.5 30.1 

P4 97 102 133 100 14 3.8 10 73 5.2 37.3 

P5 95 102 134 86 13 3.5 9.7 70 4.9 34.0 

P6 96 104 138 94 14 3.7 8.3 71 4.7 30.8 

P7 97 109 135 107 14 3.8 8.2 72 5.2 31.2 

Av. (P) 95.0 102.0 135.0 96.0 13.8 3.9 8.3 75.0 5.1 32.0 

LSD 0.05 0.84 0.66 0.65 0.90 0.12 0.08 0.12 1.13 0.08 0.80 

P = Parents, Av. = Average F3 = best F3 families,   M3
 = best M3 families. 
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ation, in isolating new variants of higher drought tolerance. This 

conclusion was previously confirmed by Dzhelepov (1986), Sobieh 

(2002), and Al-Naggar et al. (2004 and 2007a) for the success of 

mutation breeding and Rajaram et al. (1997) and Al-Naggar et al. 

(2004 and 2012) for the success of hybridization followed by selection 

in segregating generations for the improvement of drought tolerance in 

wheat.  

 It is worthnoting that the group of best F3 families was, on 

average, earlier than the group of parents for DTH (by 5.3 and 5.4 

days), DTA (by 3.9 and 2.8 days) and DTM (by 1.9 and 1.8 days) 

under WS and WW, respectively. 

 Comparing all the 12 best families, it is interesting to mention 

that the best families in grain yield/plant under water stress were SF9 

(Sd4XMr5-WS-PS2) (45.6 g), followed by SF11 (Sk61XSk93-WS-

PS2) (44.2 g) and SF3 (Gz-168-WS-PM2) (42.8 g) with a very low 

reduction due to water stress (6.9, 6.2 and 11.2%, respectively). The 

two latter families were the second and third highest yielding under 

well watering (49.0 and 48.2 g, respectively), but SF10 (Sk61XAs5-

WS-PS3) (54.2 g) was in the 1st rank under WW.  

 It is interesting to note that the best three families under WS and 

under WW resulted from selection for high yield under water stress 

conditions.  

 The earliest M3 family was SF6 (Sh-1-WW-PM6) (DTM=129 

days and 131 days) followed by SF9 (Sd4XMr5-WS-PS2) (DTM=131 

and 132 days) as compared with the earliest parent Aseel-5, where 
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DTM was 132 and 133 days) under water stress and non-stress, 

respectively.  

 The best M3 and F3 families for grain yield/plant were 

characterized by high value of one or more yield attributes under both 

WS and WW conditions. Superiority of the best M3 and F3 families in 

grain yield over parents was associated with superiority in number of 

spikes/plant (11.6 and 12.3 for best M3, 10.2 and 11.3 for best F3 

against 7.6 and 8.3 for parents under WS and WW, respectively).  

d. Actual gain from selection relative to the original (better) parents  

Actual gain (%) from selection relative to the original parent (for 

the 7 best M3 families) and the better parent of a cross (for the 5 best F3 

families) was estimated and presented in Table (39).  

Table 39. Actual progress (%) of the best selections over the original parent 
(from M2's) and over the better parent (from F2

's) for DTM, SPP 
and GYPP under water stress (WS) and well watering (WW) 
conditions (2011/ 2012 season).

Best 
familie
s 

  DTM SPP GYPP 

        Pedigree WW WS WW WS WW WS 
 Best M3 families Actual progress (%) over the original parent 
SF1 As-5-WW-PM5 6.77 7.22 21.78 28.57 25.44 26.27 
SF2 Sk-93-WS-PM2 5.97 7.22 40.21 52.87 40.71 49.04 
SF3 Gz-168-WS-PM2 -1.09 -0.74 53.01 63.01 56.34 64.36 
SF4 Gz-168-WW-PM5 1.09 0.74 31.33 38.36 44.02 53.23 
SF5 Gz-168-WW-PM6 1.09 0.74 50.6 54.79 44.66 50.92 
SF6 Sh-1-WW-PM6 -2.6 -3.01 40.24 45.33 48.03 62.62 
SF7 Sh-1-WW-PM7 4.83 4.51 50 58.67 44.50 54.53 
 Best F3 families Actual progress (%) over better parent  
SF8 Sd4XSk.61-WW-PS8 -0.37 -0.76 26.37 34.57 41.27 54.22 
SF9 Sd4XMr5-WS-PS2 -1.12 -0.76 68.06 62.32 60.24 74.71 
SF10 Sk61XAs5-WS-PS3 0.37 0.00 17.82 6.59 45.27 15.48 
SF11 Sk61XSk93-WS-PS2 0.37 0.76 20.62 31.03 38.65 56.85 
SF12 Mr5XSk93-WW-PS8 -0.75 -0.76 -2.06 -8.05 32.76 39.82 
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Practicing selection in the F2 generation of the studied crosses 

resulted in an actual significant superiority (actual selection gain) over 

the better parent of the corresponding cross in grain yield/plant ranging 

from 15.48 % for SF10  ( Sk61 X As5-WS-PS3 ) to 74.71 % for SF9 

(Sd4 X Mr5-WS-PS2) under water stress and from 32.76% for SF12 

(Mr5 X Sk93-WW-PS8) to 60.24 % for SF9 (Sd4 X Mr5-WS-PS2) 

under non-stress conditions. The SF9 selected F3 family showed the 

highest actual selection gain under both water stress and non-stress 

conditions.  

 The five selected F3 families (SF8, SF9, SF10, SF11 and SF12) 

showed significant superiority in grain yield over their better parents 

under both stress and non-stress conditions. These superior families in 

grain yield are the result of transgressive segregation and may be 

considered promising lines having tolerance to drought conditions.  

Transgressive segregation is a phenomenon specific to 

segregating hybrid generations and refers to the individuals that exceed 

parental phenotypic values for one or more characters (Rieseberg et al. 

1999). Such plants are produced by an accumulation of favorable genes 

from both parents as a consequence of recombination. Observations on 

transgressive segregation in segregating hybrid generations were 

previously explained by several research workers (Voigt and Tischler 

1994 and Al-Bakry et al. 2008).  

 The selection of new recombinants and transgressive segregants 

was previously reported in different crops (Vega   and   Frey 1980,   

Snape   1982, Rieseberg et al. 1999, Al-Bakry et al. 2008). Rieseberg et 

al. (1999) assessed the frequency of transgressive segregants in hybrid 
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populations, described its genetic basis and discussed the factors that 

best predict its occurrence. They reported that only 113 studies failed to 

report extreme phenotypes for at least one character, and of 579 traits 

examined across the 113 studies, 336 (58 %) exhibited transgression. 

They concluded that transgression is the rule rather than the exception, 

and the transgressive segregation appears to be ubiquitous in plant 

hybrids. The results from classical genetic studies have provided fairly 

convincing evidence for the hypotheses that transgressive segregation 

can result from the expression of rare recessive alleles (Rick and Smith 

1953) and/or from complementary gene action (Vega and Frey 1980).  

The expected selection gain (GA) for GYPP in the 5 F2 crosses: 

(Sd-4 X Sk-61), (Sd-4 X Mr-5), (Sk-61 X As-5), (Sk-61 X Sk-93) and 

(Mr-5 X Sk-93); the corresponding F2 populations of the 5 best families 

(SF8 through SF12) under the corresponding irrigation regime was 4.5, 

10.7, 33.2, 4.1 and 52.5 %, respectively (see Table 33). The best actual 

gain for GYPP (74.71% under WS and 60.24% under WW) shown by 

SF9 (Sd4*Mr5-WS-PS2) was much higher than the expected gain (10.7 

%). The low estimates of expected GA might be due to the under 

estimation of heritability percentages in the broad sense (h2
b), which were 

29.6, 17.5, 49.3, 8.7 and 70.0 %, respectively (see Table 33). Low h2
b 

estimates indicate that environment in this experiment had high effect on 

the phenotypic variance of GYPP.   

 Superiority of the four selected F3 families (SF8 through SF11) in 

grain yield over their better parent could be due mainly to their high 

superiority in number of spikes/plant and slight earliness of DTM under 

both WW and WS conditions (Table 39).  
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The success of this study in obtaining new wheat genotypes of 

higher yield and earlier maturity than their parents under water stress 

conditions could be attributed to the presence of sufficient additive and 

additive X additive types of genetic variance, amenable for high selection 

efficiency, in the F2 generation of the studied crosses, besides to 

accumulation of favorable genes of yield traits from both parents as a 

result of new recombinations and transgressive segregations. 

 Practicing selection for high grain yield in the M2 populations 

derived from gamma radiation treatment of seven parent cultivars of 

wheat resulted in an actual progress over the corresponding original parent 

in GYPP ranging from 26.27 to 64.36% under WS and from 25.44 to 

56.34% under WW for SF1 (As-5-WW-PM5) and SF3 (Gz-168-WS-PM2), 

respectively (Table 40). The SF3 selected M3 family showed the highest 

actual selection gain followed by SF6 (Sh-1-WW-PM6) (62.62 and 

48.03% under WS and WW, respectively). These two M3 families showed 

also superiority in SPP and in DTM, i.e., earliness of maturity, under both 

water stress and non-stress conditions.  

 Superiority of the seven M3 families in grain yield is also mainly 

due to superiority over their original parents in number of spikes/plant.  

 The expected genetic advance from selection for high grain yield in 

the M2 bulks (see Table 18) was lower than actual genetic advance under 

both water stress and non-stress conditions. The highest actual gain (64.36 

and 56.34% under WS and WW, respectively) shown by SF3 selected 

from the M2 of Giza-168 under water stress was much higher than the 

expected gain (9.66 and 11.0 % under WS and WW, respectively).  

 Superiority in grain yield of the 12 best families over each of the 7 

parental cultivars used in this study as checks (Table 40) reached 97.8 % 
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for SF9 over the Egyptian cultivar Sids-4 followed by SF11 (91.8% 

superiority over the same cultivar) under water stress and reached 80.1% 

for SF10 over Sakha-61 and Maryout-5 cultivars followed by 62.8% 

superiority (by SF9) over the Sakha-61 under well watering.  

Table 40. Superiority (%) in grain yield of the 7 best M3 and the 5 best F3 
families over each of studied wheat cultivars and lines under water 
stress and well watering conditions (2011/ 2012 season). 

Best 
family     Pedigree wheat cultivars and lines 

Under water stress over 
Sd-4 Sh-1 Sk-61 Gz-168 Mr-5 Sk-93 As-5 

SF1 As-5-WW-PM5 82.6  70.3  70.0  61.7  61.3  49.4  26.3 

SF2 Sk-93-WS-PM2 82.2  69.9  69.6  61.3  60.9  49.0  26.0 

SF3 Gz-168-WS-PM2 85.7  73.1  72.8  64.4  64.0  51.9  28.4 

SF4 Gz-168-WW-PM5 73.1  61.4  61.1  53.2  52.9  41.6  19.7 

SF5 Gz-168-WW-PM6 70.5  59.0  58.7  50.9  50.6  39.5  17.9 

SF6 Sh-1-WW-PM6 74.4  62.6  62.3  54.4  54.0  42.7  20.6 

SF7 Sh-1-WW-PM7 65.7  54.5  54.2  46.7  46.4  35.6  14.6 

SF8 Sd4XSk61-WW-PS8 65.7  54.5  54.2  46.7  46.4  35.6  14.6 

SF9 Sd4XMr5-WS-PS2 97.8  84.5  84.1  75.1  74.7  61.8  36.8 

SF10 Sk61XAs5-WS-PS3 67.0  55.7  55.4  47.8  47.5  36.6  15.5 

SF11 Sk61XSk93-WS-PS2 91.8  78.8  78.4  69.7  69.3  56.8  32.6 

SF12 Mr5XSk93-WW-PS8 70.9  59.4  59.1  51.3  51.0  39.8  18.2 

Under well watering over 
Sk-61 Mr-5 Sd-4 Gz-168 Sh-1 Sk-93 As-5 

SF1 As-5-WW-PM5 55.5 55.5 52.9 51.8 50.0 37.8 25.4 

SF2 Sk-93-WS-PM2 58.8 58.8 56.2 55.0 53.2 40.7 28.1 

SF3 Gz-168-WS-PM2 60.1 60.1 57.5 56.3 54.4 41.9 29.2 

SF4 Gz-168-WW-PM5 47.5 47.5 45.1 44.0 42.3 30.7 19.0 

SF5 Gz-168-WW-PM6 48.2 48.2 45.8 44.7 42.9 31.3 19.5 

SF6 Sh-1-WW-PM6 53.5 53.5 51.0 49.9 48.0 36.0 23.8 

SF7 Sh-1-WW-PM7 49.8 49.8 47.4 46.3 44.5 32.8 20.9 

SF8 Sd4XSk61-WW-PS8 43.5 43.5 41.2 40.1 38.4 27.2 15.8 

SF9 Sd4XMr5-WS-PS2 62.8 62.8 60.1 58.9 57.0 44.2 31.3 

SF10 Sk61XAs5-WS-PS3 80.1 80.1 77.1 75.8 73.7 59.6 45.3 

SF11 Sk61XSk93-WS-PS2 56.5 56.5 53.9 52.8 50.9 38.7 26.2 

SF12 Mr5XSk93-WW-PS8 49.8 49.8 47.4 46.3 44.5 32.8 20.9 

Superiority = 100 (Selection - Parent)/Parent  
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The selected M3 family (SF3) came in the third rank under both 

WS and WW showing 85.7 % superiority over Sids-4 and 60.1 % 

superiority over Sakha-61 in grain yield, respectively.  

 All the best twelve selected families significantly outyielded all the 

parental genotypes in this study under both water stress and non-stress 

conditions. The lowest superiority of these families was recorded over the 

Aseel-5 parent (ranging from 15.5 to 36.8 under water stress and from 

15.8 to 45.3 % under well watering) because the Aseel-5 cultivar was the 

highest yielding cultivar in this study. These twelve selected families 

should further be selfed for producing pure lines to be tested for their 

stability under a variety of water stress conditions. 

e. Advantages of the best putative mutants and segregants 

Detailed characterization of the 12 best families on the 

morphological and phenological levels is presented as follows: 

SFI (As-5-WW-PM5) 

 It is a putative mutant in the M3 generation resulting from Aseel-

5 variety via gamma irradiation under WW conditions. It is high 

yielding under both WS (2nd highest best M3
's) and WW (3rd highest 

best M3
's) with low reduction (10.0%) due to water stress, i.e., drought 

tolerant. It recorded the highest number of grains/spike amongst the 7 

best families (Fig. 2). Superiority in GYPP over all parents (checks) 

ranged from 26.3 and 25.4 % (over Aseel-5) to 82.6% (over Sids-4) 

and 55.5% (over Sakha-61 and Maryout-5) under WS and WW, 

respectively. 
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SF2 (Sk-93-WS-PM2)  

 It is a putative M3 generation mutant resulting from selection for 

high yield in the M2 population of irradiated seed of Sakha-93 under 

water stress conditions. It is a high yielding family under both drought 

stress and  non-stress  conditions;  with  low  yield  reduction  due to  

water  stress (drought tolerant). It recorded the highest number of 

spikes (Fig. 3) under both water stress (13.3) and non-stress (13.6) 

conditions. Its superiority in GYPP ranged from 26.0 and 28.1% (over 

Aseel-1) to 82.2% (over Sids-4) and 58.8% (over Sakha-61 and 

Maryout-5) under WS and WW, respectively.  

SF3 (Gz-168-WS-PM2) 

 It is a putative M3 generation mutant resulting from selection for 

high grain yield in the M2 population of irradiated Giza-168 cultivar 

under water-stress conditions. It ranked first in grain yield/plant 

amongst the 7 best M3 families under both water-stress and non-stress 

conditions; with low yield reduction due to water stress, i.e., a drought 

tolerant family. It also recorded the largest number of grains/spike 

under WW and was the second largest under WS and the longest spike 

(Fig. 2) and the earliest in DTH and DTM under WW and WS. Its 

superiority in GYPP ranged from 28.4 and 29.2% (over Aseel-5) to 

85.7% (over Sids-4) and 60.1% (over Sakha-61 and Maryout-5) under 

WS and WW conditions, respectively.  

SF4 (Gz-168-WW-PM5) 

 It is a putative mutant resulting from selection for high yield in 

the M2 population of irradiated Giza-168 cultivar under WW conditions. 
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Fig. 2. The highest number of grains/spike for SF1 and SF3 as compared with their parents As-5 and Gz-168, 

respectively, and the longest spike for SF3. 

 
Fig. 3. The highest number of spikes for SF2 and SF7 as compared with their parents Sk-93 and Sh-1, 

respectively. 
 

 
Fig. 4. The heaviest grain for SF4 and (SF6 and SF7) as compared with their parents Gz-168 and Sh-1, 

respectively. 
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It is a high yielding family under both WW and WS; with low yield 

reduction due to water stress, i.e., drought tolerant. It recorded the 

heaviest spike and grain (Fig. 4) under both environments. Its 

superiority in GYPP over all parents (checks) ranged from 19.7 and 

19.0% (over Aseel-5) to 73.1% (over Sids-4) and 47.5% (over Sakha-

61 and Maryout-5) under WS and WW, respectively. 

SF5 (Gz-168-WW-PM6) 

 It is a putative M3 generation mutant resulting from selection for 

high  yield  in  the  M2  bulk  of  irradiated  Giza-168  cultivar  under  

WW conditions. It is high yielding under both WW and WS conditions; 

with low reduction in GYPP due to water stress, i.e., a drought-tolerant 

family. Its superiority in GYPP ranged from 17.9 and 19.5 % (over 

Aseel-5) to 75.5% (over Sids-4) and 48.2% (over Sakha-61 and 

Maryout-5) under WS and WW, respectively. 

SF6 (Sh-1-WW-PM6)  

 It is a putative M3 generation mutant resulting from selection for 

high yield in the M2 bulk of irradiated Sahel-1 cultivar under WW 

conditions. It is high yielding under both WW and WS conditions, with 

low reduction in GYPP due to water stress, i.e., a drought-tolerant 

family. It ranked earliest amongst the best 12 families and the 7 

parents, under both WW (131 days) and WS (129 days) conditions. It 

recorded the heaviest grain (Fig. 4) under both environments. Its 

superiority in GYPP ranged from 20.6 and 23.8% (over Aseel-5) to 

74.4% (over Sids-4) and 53.5 % (over Sakha-61 and Maryout-5) under 

WS and WW, respectively.  
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SF7 (Sh-1-WW-PM7)  

 It is a putative M3 generation mutant resulting from selection for 

high GYPP in the M2 bulk of irradiated Sahel-1 cultivar under WW 

conditions. It is a high yielding M3 family under both WW and WS 

conditions; with low yield reduction due to water stress. It is also 

characterized by the shortest plant height, the heaviest grain (Fig. 4) 

and the second highest in SPP (Fig. 3) amongst the 7 best selected 

families. Its superiority in GYPP ranged from 14.6 and 20.9 % (over 

Aseel-5) to 65.7% (over Sids-4) and 49.8 % (over Sakha-61 and 

Maryout-5) under WS and WW, respectively.  

SF8 (Sd4 X Sk61-WW-PS5)  

 It is a putative transgressive segregant in the F3 generation 

resulting from selection for high yield in the F2 population of the cross 

Sd-4 X Sk-61 under WW conditions. It showed high GYPP under both 

WW and WS; with low yield reduction due to water stress. It also 

recorded the tallest plant (Fig. 5) and was earlier than the earliest parent 

under both environments. Its superiority in GYPP ranged from 14.6 and 

15.8 % (over Aseel-5) to 65.7 and 43.5% (over Sids-4) under WS and 

WW, respectively. 

SF9 (Sd4 X Mr-5-WS-PS2)  

 It is a representing a transgressive segregant in the F3 

generation, resulted from selection for high yield in the F2 population 

of the cross Sd-4 X Mr-5 under WS conditions. It showed the highest 

GYPP under WS and the second highest  under WW;  with  the  second  
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Fig. 5. The earliest maturity and tallest plant shown by SF8 as compared with the better parent Sids-4 

  

Fig. 6. The earliest heading shown by SF9 as compared with the better parent Sids-4 

 

 
Fig. 7. The heaviest grains shown by SF10 and SF11 as compared with the better parent Sakha-61 

 
Fig. 8. The longest and heaviest spike of SF12 as compared with the better parent Maryout-5 and Sakha-93 
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lowest yield reduction ( 6.9% )  due  to  WS, i.e.  the  2nd  most  drought  

tolerant  F3 family. It was the earliest F3 for DTH and DTA (Fig. 6) 

under both environments. Its superiority in GYPP ranged from 36.8 and 

31.3% (over Aseel-5) to 97.8 and 62.8% (over Sids-4) under WS and 

WW respectively.  

SF10 (Sk61 X As-5-WS-PS3)  

 It is a putative transgressive segregant in the F3 generation, that 

resulted from selection for high yield in the F2 population of the cross 

Sk-61 X As-5 under WS conditions. It recorded the highest GYPP 

under WW (54.29 g), but showed the highest reduction in grain yield 

due to WS (29.0 %), 29.0 %), although it recorded significantly higher 

yield than the best parent (Mr-5) under drought stress conditions. This 

family (SF10) also recorded the heaviest grain (100GW) (Fig. 7) under 

both environments. Its superiority in GYPP ranged from 15.5 and 45.3 

% (over Aseel-5) to 67.0 and 80.1 % (over Sids-4) under WS and WW, 

respectively.  

SF11 (Sk-61 X Sk-93-WS-P52)  

 It is a putative transgressive segregant in the F3 generation, that 

resulted from selection for high GYPP in the F2 population of the cross 

Sk-61 X Sk-93 under WS conditions. It proved the most drought 

tolerant selected family; since reduction in its yield due to water stress 

was lowest (6.2 %). Its yield under WS ranked the second highest and 

that under WW ranked 3rd amongst the 5 best F3 families. This selected 

family showed the heaviest 100GW (Fig 7) under both WW and WS 

conditions. Its superiority in GYPP ranged from 32.6 and 26.2% (over 



154 
 

Aseel-5) to 91.8 and 56.5% (over Sids-4) under WS and WW, 

respectively. 

SF12 (Mr-5 X Sk-93-WW-P58) 

 It is a putative transgressive segregant in the F3 generation, that 

resulted from selection for high GYPP in the F2 population of the cross 

Mr-5 X Sk-93 under WW conditions. It is a high yielding family under 

both WW and WS; with low yield reduction (12.6 %)   due to water 

stress. It is characterized by the longest and heaviest spike (Fig. 8). Its 

superiority in GYPP over all parental cultivars (as checks) ranged from 

18.2 and 20.9 % (over the highest yielding check Aseel-5) to 70.9 and 

49.8 % (over the lowest yielding check Sids-4) under WS and WW, 

respectively. 
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6. Experiment Six (Molecular characterization) 

 In the present investigation, analysis of  simple sequence repeats 

(SSR) was conducted to characterize the genetic markers and 

differences on a molecular level among the 12 selected bread wheat 

families (7 putative mutants and 5 transgressive segregants) and their 

seven parents and assay the genetic relationships among them.  

a. Genetic diversity among wheat genotypes  

 Fifteen SSR primers revealed discernible amplification profiles, 

therefore were employed to investigate the genetic polymorphism 

among the 19 wheat genotypes (Tables 41and 42 and Figs. 9, 10 and 11). 

 The number of amplified fragments from the genomic DNA of 

the 19 wheat genotypes generated by the different SSR primers is 

presented in Table (41). Each of the 15 primers produced multiple band 

profiles with the 19 wheat genotypes. The highest number of amplicons 

(6 amplicons) was generated by the primer WMC 179 in genomic DNA 

of Sakha-61 (P2), Maryout-5 (P3), Aseel-5 (P4), Sakha-93 (P5), Giza-

168 (P6), Sahel-1 (7), SF1, SF2, SF3 and SF6 and WMS 108 in Sakha-

93 (P5), Sahel-1 (P7) and SF12. While the primer WMS 30 in the 

genomic DNA of 13 wheat genotypes, followed by WMS 06 in 12 out 

of 19 wheat genotypes exhibited no (zero) amplicon. Sahel-1 cv. 

followed by Aseel-5 cv., Sakha-93 cv. and Maryout-5 line exhibited the 

highest total number of amplicons (31, 29, 29 and 28 amplicons, 

respectively) generated mostly by the primer WMC 179 followed by 

WMS 198 and WMS 108. While, the selected families SF4 and SF3 

exhibited the lowest total number of amplicons (12 and 15 respectively) 

Table (41). 
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Table 41. Number of amplified DNA fragments, as revealed by each SSR primer for 19 wheat genotypes (7 p’s and 12 SF’s). 
  Genotypes  
Primer Sd-4 Sk-61 Mr-5 As-5 Sk-93 Gz-168 Sah-1 SF1 SF2 SF3 SF4 SF5 SF6 SF7 SF8 SF9 SF10 SF11 SF12 Total  

        
WMS 06 0 1 2 0 0 0 0 0 0 1 0 1 0 0 2 0 0 1 2 10 
WMS 30 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 6 
WMS 108 1 1 1 2 6 0 6 1 1 1 1 1 2 1 0 0 1 5 6 37 
WMS 118 2 1 2 2 2 1 2 2 2 0 1 3 0 2 1 1 1 1 1 27 
WMS 149 1 1 3 3 1 1 2 3 3 1 0 0 3 3 1 1 1 1 3 32 
WMS 169 1 1 1 2 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 19 
WMC 177 1 1 1 1 1 1 1 1 1 2 0 1 1 1 1 1 1 1 1 19 
WMC 179 5 6 6 6 6 6 6 6 6 6 2 5 6 5 4 5 5 4 5 100 
WMS 198 1 4 4 5 4 3 4 4 1 0 0 3 3 4 1 1 2 4 1 49 
WMC 235 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 19 
WMS 304 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 19 
WMC 307 1 0 2 1 1 2 1 2 1 0 1 1 2 1 1 1 1 1 0 20 
WMC 322 1 1 1 2 0 1 2 1 0 1 1 1 1 1 0 1 0 1 1 17 
WMS 375 1 0 1 1 1 2 1 2 1 0 1 2 1 1 0 2 2 2 1 22 
WMC 445 3 1 1 1 4 2 2 2 1 0 2 3 3 3 3 2 3 2 3 41 
Total 20 21 28 29 29 23 31 27 20 15 12 24 25 25 17 18 20 26 27 437 

Sd-4 = Sids-4, Sk-61 = Sakha-61, Mr-5 = Maryout-5, As-5 = Aseel-5, Sk-93 = Sakha-93, Gz-168 = Giza-168, Sah-1 = Sahel-1, SF1 to SF12 = selected families. 
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The 15 SSR primers produced 46 amplicons, out of which 42 

were polymorphic and the average percentage polymorphism was 

86.67 % (Table 42). The number of amplicons per primer ranged from 

1 (WMS 30, WMC 235 and WMS 304) to 10 (WMC 179) with an 

average of 3.07 fragments/primer across the different genotypes. 

However, the number of polymorphic amplicons varied from 0 (WMC 

235 and WMS 304) to 10 (WMC 179) with an average number of 

polymorphic amplicons of 2.93 fragments/primer. Thirteen out of the 

15 primers exhibited 100 % polymorphism, while two primers (WMC 

235 and WMS 304) showed no polymorphism. The size of amplified 

fragments varied with the different primers, ranging from 50 to 1500 bp 

(Figs. 9, 10, 11, 12 and 13). In this respect, Abd El-Hadi (2012) 

investigated the genetic diversity among three durum wheat cultivars 

and their six selected drought tolerant lines wing ISSR analysis. He 

reported that out of 99 amplified DNA fragments, 70 were 

polymorphic, representing a level of 71.42 % polymorphism. 

Moreover, Bousba et al. (2012) reported that a total of 136 fragments 

were obtained from the 26 SSR primers and all the bands were 

polymorphic across all screened genotypes. They added that 

polymorphism information content (PIC) values ranged from 38 % to 

94 %, with an average of 74 %. 

The results of the present study are in good agreement with 

those reported in the literature and confirm that polymorphism is a 

general phenomenon in wheat populations resulting after irradiation 

with gamma rays and hybridization followed by segregating 

generations, as in the case of this study. 
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Table 42. Number of monomorphic and polymorphic amplicons and percentage 
of polymorphism, as revealed by SSR primers for 19 wheat genotypes 
(12 selected families and their 7 parents). 

Primer 
Total No of  No of mono- No of poly- Polymorphism 
amplicons morphic  morphic   (%) 

  amplicons amplicons   

WMS 06 2 0 2 100 

WMS 30 1 0 1 100 

WMS 108 6 0 6 100 

WMS 118 3 0 3 100 

WMS 149 3 0 3 100 

WMS169 2 0 2 100 

WMC 177 2 0 2 100 

WMC 179 10 0 10 100 

WMS 198 5 0 5 100 

WMC 235 1 1 0 0 

WMS 304 1 1 0 0 

WMC 307 2 0 2 100 

WMC 322 2 0 2 100 

WMS 375 2 0 2 100 

WMC 445 4 0 4 100 

    Total 46 2 44 

    Average 3.07 0.13 2.93 86.67 
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WMS 06 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
WMS 30 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
WMS 108 
 

Fig. 9.Banding patterns of nineteen bread wheat genotypes amplified with the SSR primers WMS 06, WMS 
30 and WMS 108. M: 100bp DNA ladder, Lane 1: Sd-4, Lane 2: Sk-61, Lane 3: Mr-5, Lane 4: As-5, 
Lane 5: Sk-93, Lane 6: Gz-168, Lane 7: Sh-1, Lanes 8 to 19: selected families from SF1 to SF12. 
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WMS 118 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
WMS 149 
 
 
 
 
 
 
 
 
 
 
 
 
 
WMS 169 
 

Fig. 10.Banding patterns of nineteen bread wheat genotypes amplified with the SSR primers WMS 118, 
WMS 149 and WMS 169. M: 100bp DNA ladder, Lane 1: Sd-4, Lane 2: Sk-61, Lane 3: Mr-5, Lane 4: 
As-5, Lane 5: Sk-93, Lane 6: Gz-168, Lane 7: Sh-1, Lanes 8 to 19: selected families from SF1 to SF12. 
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WMC 177 

 
WMC 179 

 
WMS 198 
 
Fig. 11. Banding patterns of nineteen bread wheat genotypes amplified with the SSR primers WMC 177, 

WMC 179 and WMS 198. M: 100bp DNA ladder, Lane 1: Sd-4, Lane 2: Sk-61, Lane 3: Mr-5, Lane 
4: As-5, Lane 5: Sk-93, Lane 6: Gz-168, Lane 7: Sh-1, Lanes 8 to 19: selected families from SF1 to SF12. 
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WMC 235 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

WMS 304 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
WMC 307 
 

Fig. 12. Banding patterns of nineteen bread wheat genotypes amplified with the SSR primers WMC 235, 
WMS 304 and WMC 307.  M: 100bp DNA ladder, Lane 1: Sd-4, Lane 2: Sk-61, Lane 3: Mr-5, Lane 
4: As-5, Lane 5: Sk-93, Lane 6: Gz-168, Lane 7: Sh-1, Lanes 8 to 19: selected families from SF1 to SF12. 
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WMC 445 

 

Fig. 13. Banding patterns of nineteen bread wheat genotypes amplified with the SSR primers WMC 322, 
WMS 375 and WMC 445. M: 100bp DNA ladder, Lane 1: Sd-4, Lane 2: Sk-61, Lane 3: Mr-5, Lane 
4: As-5, Lane 5: Sk-93, Lane 6: Gz-168, Lane 7: Sh-1, Lanes 8 to 19: selected families from SF1 to SF12. 
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b. Molecular characterization of 19 wheat genotypes 

 The genotype-specific SSR markers for the different wheat 

genotypes used in this study are presented in Table (43). One hundred 

ninety one amplicons were useful genotype-specific markers for the 

studied 19 wheat genotypes in which 124 of them were positive, while 

67 were negative markers. The highest number of genotype–specific 

markers (18 markers) was scored for SF3 and SF12, while the lowest 

number (6 markers) was scored for Sids-4, Giza-168 and SF6. The 

primer WMC 179 generated the highest number of genotype–specific 

markers (10 markers), while the primer WMS 30 generated the lowest 

number (one marker).  

 For the selected twelve families, 126 SSR markers were found; 

71 of them were positive, while 55 were negative markers. The selected 

families SF1 through SF12 exhibited 7, 4, 6, 4, 6, 7, 6, 4, 2, 4, 8 and 13 

positive markers and 0, 4, 12, 12, 2, 2, 1, 7, 4, 4, 2 and 5 negative 

markers, respectively (Table 43). 

The drought tolerant mutant SF1 is characterized by seven 

positive markers amplified by the primers WMS 118 (100 bp), WMS 

149 (400 and 900 bp), MWS 169 (200 bp), WMS 198(700 bp), WMS 

307(150 bp) and WMS 375(100 bp). 

Four positive markers generated by the primers WMS 118 (75 

bp). WMS149 (440 and 900 bp) and MWS 169 (200 bp) and four 

negative markers amplified by the primers WMS 198 (200 and 400 bp), 

WMC 322 (100 bp) and WMC 445 (750 bp) characterized the putative 

M3 family SF2.  
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Table 43. Positive and negative SSR markers characterizing 19 wheat 
genotypes (12 selected families and their 7 parents), marker size 
(bp) and total number of markers identifying each genotype    

Genotype 

                Positive markers Negative markers  

Primer Total Primer Total Grand  

(band size/bp) No.    (band size/bp) No. total  

Sids-4 WMS 118 (75), WMS 169 (200), 
WMC 445 (1500) 

 
3 

WMC 179 (900), WMS 
198 (200, 400) 

 
3 6 

Sakha-61 WMS 06 (300), WMS 30(100), 
WMS169 (220), WMS 198 (700) 

 
4 

WMC 307 (100), WMS 
375 (200), WMC 445 
(750) 

 
 
3 

7 

Maryout-5 

WMS 06 (100, 300), WMS 118 (100), 
WMS 30 (100),  WMS 149 (400, 
900),WMS 169 (220), WMC 179 
(250), WMS 198 (700), WMC307 
(150) 

 
 
 
 

10 

WMC 179 (200), 
WMC 445 (750) 

 
2 12 

Asseel-5 

WMS 30 (100), WMS 108 (300), 
WMS 118 (100), WMS 149 (400, 900), 
WMS 169 (200, 220), WMS 198 
(100,700), WMC 322 (400)  

 
 
 

10 

WMC 445 (750) 1 11 

Sakha-93 
WMS 30 (100), WMS 108 (100, 150, 
200, 250, 300, 400), WMS 118 (75), 
WMC 445 (500, 1500)  

 
 
9 

WMC 322 (100) 1 10 

Giza-168 
WMS 30 (100), WMS 169 (220), 
WMS 198 (700), WMS 307 (150), 
WMS 375 (100) 

5 WMS 108 (100) 1 6 

Sahel-1 

WMS 30 (100), WMS 108 ( 150, 200, 
250, 300, 400), WMS 118 (100), WMS 
149 (900), WMS 169 (220), WMC 179 
(250), WMS 198 (700), WMC 322 
(400) 

12 WMC 179 (200) 1 13 

SF1 
WMS 118 (100, 400), WMS 149 (900), 
WMS 169 (200), WMS 198 (700), 
WMC 307 (150), WMS 375 (100) 

 
 
7  

 
 

    0 
7 

SF2 WMS 118 (75), WMS 149 (400, 900), 
WMS 169 (200)  

 
 
4 

WMS 198 (200, 400), 
WMC 322 (100), 
WMC 445 (750) 

 
 
 
4 

8 
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Table 43. Continued  

Genotype 

              Positive markers              Negative markers   
Primer Total  Primer Total  Grand 

(band size/bp) No.   (band size/bp) No.  total  

SF3 
WMS 06 (100), WMS 169 (200), 
WMC 177 (100), WMC 179 
(250, 800, 1000) 

 
 
6 

WMS 118 (150), WMC 179 
(100, 200, 480, 900), WMS 198 
(150, 200, 400), WMC 307 
(100), WMS 375 (200), WMC 
445 (300, 750) 

 
 
 

12 

18 

SF4 
WMC 118 (75), WMC 169 (200), 
WMC 179 (50), WMC 445 
(1500) 

 
 
4 

WMS 118 (150), WMS 149 
(180), WMC 177 (200), WMC 
179 (100, 400, 480, 550, 900), 
WMS 198 (150, 200, 400), 
WMC 445 (300) 

 
 

  
 12 

16 

SF5 
WMC 06 (100), WMC 118 (75, 
100), WMC 169 (220), WMC 
375 (100), WMC 445 (500) 

6 WMS 149 (180), WMC 179 
(480) 2 8 

SF6 

WMC 108 (150), WMC 149 
(100, 900), WMC 169 (200), 
WMC 179 (250), WMC 307 
(150), WMC 445 (500) 

 
 
 
7 

WMS 118 (150), WMC 179 
(480) 

 
    2 9 

SF7 
WMS 118 (75), WMS 149 (400, 
900),WMS 169 (200), WMS 198 
(700), WMC 445 (500) 

 
 
6 

WMC 179 (480) 1 7 

SF8 WMS 06 (100, 300), WMS 169 
(220), WMC 445 (500) 

 
4 

WMS 108 (100), WMC 179 
(480, 900), WMC 198(200, 400), 
WMC 322 (100), WMS 375 
(200)  

 
 
 

7 

11 

SF9 WMC 169 (200), WMC 375 
(100) 

 
2 

WMC 108 (100), WMC 179 
(480), WMC 198 (200, 400) 

 
4 6 

SF10 
WMS 169 (220), WMS 198 
(700), WMC 375 (100), WMC 
445 (500) 

4 WMC 179 (900), WMS 198 
(200, 400), WMC 322 (100) 

 
4 8 

SF11 
WMS 06 (300), WMS 108 (150, 
200, 250, 300), WMS 169 (220), 
WMS 198 (700), WMS 375 (100) 

 
 
8 

WMC 179 (480, 900) 2 10 

SF12 

WMS 06 (100, 300), WMS 108 
(150, 200, 250, 300, 400), WMC 
149 (400, 900), WMS 169 (200, 
220), WMS 375 (100), WMC 445 
(500)  

 
 
 
 

13 

WMC 179 (480), WMS 198 
(200, 400), WMC 307 (100), 
WMS 375 (200) 

 
 

5 
18 

Total   124   67 191 
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The drought tolerant M3 family SF3 is characterized by six 

positive markers amplified by the primers WMS 06 (100 bp), WMS 

169 (200 bp), WMS 177 (100 bp) and WMC 179 (250, 800 and 1000 

bp) and twelve negative markers generated by the primers WMS 118 

(150 bp), WMC 179 (100, 200 , 480 and 900 bp), WMS 198 (150, 200 

and 400 bp), WMC 307 (100 bp), WMS 375 (200 bp) and WMC 445 

(300 and 750 bp).  

The putative drought tolerant mutant SF4 was characterized by 

four positive markers amplified by the primers WMS 118 (75 bp), 

WMS 169 (200 bp), WMC179 (50 bp) and WMC 445 (1500 bp) and 

twelve negative markers generated by the primers WMS 118 (150 bp), 

WMS 149 (180 bp), WMS 177 (200 bp), WMC 179 (100, 400, 480, 

550 and 900 bp), WMS 198 (150, 200 and 400 bp) and WMC 445 (300 

bp).  

 The drought tolerant M3 family SF5 is characterized by six 

positive markers amplified by the primers WMS 06 (100 bp), WMS 

118 (75 and 100 bp), WMS 169 (220 bp), WMS 375 (100 bp) and 

WMC 445 (500 bp and two negative markers generated by the primers 

WMS 149 (180 bp) and WMC 179 (480 bp).  

The drought tolerant M3 family SF6 was characterized by seven 

positive markers amplified by the primers WMS 108 (150 bp), 

WMC149 (400 and 900 bp), WMS 169 (200 bp), WMC 179 (250 bp), 

WMS 307(150 bp) and WMC 445 (500 bp) and two negative markers 

generated by the primers WMS118 (150 bp) and WMC 179 (480 bp).  

 The last drought tolerant putative mutant SF7 is characterized by 

six positive markers amplified by the primers WMS 118 (75 bp), WMS 
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149 (400 and 900 bp), WMS 169 (200 bp), WMS 198 (700 bp) and 

WMC 445 (500 bp) and one negative marker generated by the primer 

WMC 179 (480 bp). 

 The drought tolerant transgressive segregant SF8 is 

characterized by four positive markers amplified by the primers WMS 

06 (100 and 300 bp), WMS 169 (200 bp) and WMC 445 (500 bp) and 

seven negative markers generated by the primers WMS 108(100 bp) , 

WMC 179 (480 and 900 bp), WMS 198 (200 and 400 bp), WMC 322 

(100 bp) and WMS 375 (2006 bp).  

The best drought tolerant F3 family (SF9) is characterized by 

two positive unique markers amplified by the primers WMS 169 (220 

bp) and WMS 375 (100 bp) and four negative unique markers 

generated by the primers WMS 108 (100 bp), WMC 179 (480 bp) and 

WMS 198 (200 and 400 bp).  

 Four positive markers generated by the primers WMS 169 (220 

bp), WMS 198 (700 bp), WMS 375 (100 bp) and WMC 445 (500 bp) 

and four negative markers amplified by the primers WMC 179 (900 

bp), WMS 198 (200 and 400 bp) and WMC 322 (100 bp) characterized 

the drought tolerant F3 family SF10.  

The drought tolerant transgressive segregant SF11 is 

characterized by eight positive markers amplified by the primers WMS 

06 (300 bp), WMS 108 (150, 200, 250 and 300 bp), WMS 169 (220 

bp), WMS 198 (700 bp) and WMS 375 (100 bp) and two negative 

markers generated by the primer WMC 179 (480 and 900 bp).  

 The last drought tolerant transgressive segregant (SF12) is 

characterized by thirteen positive markers amplified by the primers 
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WMS 06 (100 and 300 bp), WMS 108 (150, 200, 250, 300 and 400 bp), 

WMS 149 (400 and 900 bp), WMS 169 (200 and 220 bp), WMS 375 

(100 bp) and WMC 445 (500 bp) and five negative markers amplified 

by the primers WMC 179 (480 bp). WMS 198 (200 and 400 bp), WMC 

307 (100 bp) and WMS 375 (200 bp). 

 For the studied seven parents, 65 SSR markers were recorded; 

53 of them were positive, while 12 were negative markers (Table 43). 

Sid-4, Sakha-61, Maryout-5, Aseel-5, Sakha-93, Giza-168 and Sahel-1 

exhibited 3, 4, 10, 10, 9, 5 and 12 positive markers and 3, 3, 2, 1, 1, 1 

and 1 negative marker, respectively. The highest number of positive 

markers for parents (12) was recorded by Sahel-1, while the lowest 

number (3 and 4) was recorded by Sids-4 and Sakha-61, respectively. 

 Maryout-5, a new promising salt tolerant line developed by 

Desert Research Center (DRC), Egypt was characterized by 10 positive 

markers amplified by the primers WMS 06 (100, 300 bp), WMS 118 

(100 bp), WMS 30 (100 bp), WMS 149 (400, 900 bp), WMS 169 (220 

bp), WMC 179 (250 bp), WMS 198 (700 bp), WMS 307 (150 bp) and 

two negative markers amplified by the primers WMC 179 (200 bp), 

WMC 445 (750 bp). The Syrian cv. Aseel-5 showing the highest GYPP 

under WS and WW conditions is characterized by 10 positive markers 

amplified by the primers WMS 30 (100 bp), WMS 108 (300 bp), WMS 

118 (100 bp), WMS 149 (400, 900 bp), WMS 169 (200, 220 bp), WMS 

198 (100,700 bp), WMC 322 (400 bp) and one negative markers 

amplified by the primers WMC 445 (750 bp). The Egyptian drought 

tolerant cultivar Sahel-1 is characterized by 12 positive markers 

amplified by the primers WMS 30 (100 bp), WMS 108 (150, 200, 250, 
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300, 400 bp), WMS 118 (100 bp), WMS 149 (900 bp), WMSS 169 

(220 bp), WMC 179 (250 bp), WMS 198 (700 bp), WMC 322 (400 bp) 

and one negative markers amplified by the primers WMC 179 (200 bp). 

c. Genotype identification by unique DNA markers 

 Unique markers are defined as bands that specifically identify an 

accession from the other by their presence or absence. The bands that 

are present in one accession but not found in the others are termed 

positive unique markers (PUM), in contrast with the negative unique 

markers (NUM), which are absent in a specific genotype. These bands 

could be used for genotype identification (Hussein et al., 2003). 

As shown in Table (44), the SSR assay permitted the 

identification of three out of 19 wheat genotypes by unique positive 

and/or negative markers. These three genotypes, namely, SF3, SF4 and 

Aseel-5 (all are drought tolerant) are characterized by five positive 

unique markers, while one of them (SF4) was characterized by two 

negative unique markers. 

 The selected drought tolerant mutant (SF3) was characterized by 

three unique positive markers amplified by the primers WMC 177 (100 

bp) and WMC 179 (800 and 1000 bp). The selected drought tolerant 

mutant (SF4) was characterized by one unique positive marker 

amplified by the primer WMC 179 (50 bp) and two negative unique 

markers amplified by the primers WMC 177 (200 bp) and WMC 179 

(550 bp). The drought tolerant Syrian parent (Aseel-5) was 

characterized by one positive unique marker amplified by the primer 

WMS 198 (100 bp). The remaining 16 wheat genotypes did not exhibit  
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any unique marker. The highest number of unique markers (four) was 

amplified by the primer WMC 179 (3 positive and one negative) 

followed by the primer WMC 177 (two unique markers; one positive 

and one negative). The size of these unique markers ranged from 50 to 

1000 bp. 

 In this context, Abd El-Hadi (2012) reported that in durum 

wheat, ISSR analysis showed four genotype–specific markers for the 

drought tolerant putative line S3 that show a significant increase in 

grain yield/plant over their parents under drought stress conditions.  

Table 44. Unique positive and negative SSR markers generated for 19 wheat 
genotypes (12 selected families and their 7 parents), marker size (bp) 
and total number of markers identifying each genotype.   

Genotype 
Positive unique markers  Negative unique markers 

Primer Total Primer Total Grand 
( band size/bp ) No. (band size/bp) No. total  

Sids-4 - - 
Sakha-61 - - 
Maryout-5 - - 
Asseel-5  WMS 198 (100)   1 - 1 
Sakha-93 - - 
Giza-168 - - 
Sahel-1 - - 
SF1 - - 
SF2 - - 

  WMC 177 (100),   
 - 3 

SF3 WMC 179 ( 800, 1000) 3 
SF4  WMC 179 (50) 1  WMC 177 (200),   3 

WMC 179 ( 550) 2
SF5 - - 
SF6 - - 
SF7 - - 
SF8 - - 
SF9 - - 
SF10 - - 
SF11 - - 
SF12 - - 
Total   5   2 7 
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Using SSR analysis, we were able to identify seven unique 

bands associated with drought tolerance in wheat. These bands can be 

verified as markers associated with drought tolerance in durum wheat 

breeding programs.  

Further experiments need to be achieved to determine the 

linkage between the genotype–specific SSR markers in the present 

study and gene(s) for drought tolerance in the studied bread wheat 

genotypes.  The present results support the idea that SSR analysis can 

provide a fast detection of species-specific markers linked to drought 

stress tolerance in bread wheat. These markers would help in breeding 

programs aiming at improving wheat productivity under drought stress 

conditions.  

d. Genetic relationships among the 19 wheat genotypes  

 The scored data from the SSR analysis in this study were used to 

compute the similarity matrices according to Dice coefficient (Sneath 

and Sokal, 1973). As shown in Table (45) the genetic similarity ranged 

from 30 % (between SF4 and each of Sakha-61 and Maryout-5) to 88 

% (between SF7 and each of SF1 and SF6). High genetic similarity 

between SF6 and SF7 is attributed to the fact that both of them were 

derived from the Sahel-1 cultivar irradiated by 350 Gy gamma rays.  

 The results of this investigation indicated that all the twelve 

selected drought tolerant families differ from their parents at the DNA 

level where the average of genetic similarity (GS) between selections 

and their parents was about 68 %.  
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Table 45. Genetic similarity (GS) matrices among the nineteen wheat genotypes (12 selected families and 7 parents). 
Genotype Sd-4 Sk-61 Mr-5 As-5 Sk-93 Gz-168 Sah-1 SF1 SF2 SF3 SF4 SF5 SF6 SF7 SF8 SF9 SF10 SF11 

Sids-4 1.00                                   
Sakha-61 0.68 1.00 
Maryout-5 0.63 0.82 1.00 
Aseel-5 0.69 0.80 0.84 1.00 
Sakha-93 0.73 0.72 0.67 0.72 1.00 
Giza-168 0.74 0.82 0.78 0.77 0.73 1.00 
Sahel-1 0.63 0.73 0.81 0.83 0.83 0.74 1.00 
SF1 0.77 0.75 0.84 0.86 0.71 0.84 0.76 1.00 
SF2 0.85 0.68 0.71 0.78 0.69 0.70 0.63 0.81 1.00 
SF3 0.57 0.50 0.51 0.45 0.36 0.42 0.43 0.48 0.51 1.00 
SF4 0.69 0.30 0.30 0.39 0.44 0.40 0.33 0.46 0.50 0.37 1.00 
SF5 0.73 0.71 0.73 0.72 0.72 0.81 0.69 0.78 0.68 0.41 0.50 1.00 
SF6 0.71 0.65 0.75 0.74 0.70 0.75 0.71 0.85 0.76 0.50 0.49 0.73 1.00 
SF7 0.80 0.74 0.75 0.81 0.78 0.75 0.71 0.88 0.84 0.45 0.54 0.82 0.88 1.00 
SF8 0.70 0.68 0.62 0.57 0.61 0.70 0.54 0.59 0.65 0.44 0.34 0.73 0.62 0.67 1.00 
SF9 0.79 0.72 0.65 0.68 0.64 0.88 0.65 0.76 0.74 0.42 0.47 0.81 0.70 0.74 0.80 1.00 
SF10 0.80 0.73 0.67 0.69 0.73 0.79 0.67 0.77 0.75 0.46 0.44 0.77 0.67 0.76 0.81 0.84 1.00 
SF11 0.70 0.77 0.70 0.73 0.80 0.78 0.81 0.75 0.61 0.39 0.42 0.76 0.71 0.75 0.70 0.77 0.78 1.00 
SF12 0.60 0.67 0.65 0.64 0.71 0.64 0.72 0.67 0.64 0.43 0.31 0.71 0.69 0.69 0.73 0.71 0.68 0.79 
Sd-4 = Sids-4, Sk-61 = Sakha-61, Mr-5 = Maryout-5, As-5 = Aseel-5, Sk-93 = Sakha-93, Gz-168 = Giza-168, Sah-1 = Sahel-1, SF1 to SF12 = selected families.
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The mutants SF3 and SF4 exhibited very low genetic similarity 

with their common parent Giza-168 (42 and 40 %, respectively), 

indicating that gamma rays were very effective in changing the genetic 

background of Giza-168 in appositive direction towards high GYPP 

under WS conditions. In this context, Abd El-hadi (2012) reported that 

the genetic similarity between six selected putative durum wheat 

mutants (derived via gamma rays) and their parents, based on ISSR 

analysis, ranged from 12.7 to 87.4 %. Munir et al. (2013) also reported 

that genetic similarity coefficients for SSR markers between 18 salt 

tolerant wheat accessions ranged from 0.45 to 0.95. 

e. Cluster analysis as revealed by SSR  

 The Dice SSR-based coefficients of genetic similarity among the 

19 wheat genotypes were employed to develop a dendrogram using the 

UPGMA method (Fig. 12). The dendrogram separated the selected F3 

family (SF4) from the other wheat genotypes, which formed a cluster in 

which the selected F3 family SF3 was separated from the remaining 17 

genotypes. This demonstrates the distinctiveness of the genetic 

background of these two genotypes (SF3 and SF4) from all the other 

genotypes.  

The remaining 17 genotypes were divided into three main 

groups. The first group was divided two into sub-groups; the first sub-

group separated Sakha-61 from two other genotypes (Maryout-٥ and 

Aseel-5) and the second sub-group was divided into two classes; one of 

which included two genotypes (Sids-4 and SF2) and the second class  

separated   SF6  from  the  other  two  genotypes  (SF1 and SF7).  
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Fig. 12. Dendrogram for the nineteen wheat genotypes (12 selected families and 7 parents) 

constructed from SSR data using (UPGMA) according to Dice coefficients. 
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The second group separated SF8 (in one sub-group) from 4 other 

genotypes (in another sub-group); the latter sub-group separated SF5 

from three other genotypes in a separate class; this class separated 

SF10 from the other two genotypes (Giza -168 and SF9) in one sub-

class.  

The third group separated SF12 (in one sub-group) from the 

remaining 3 genotypes in another sub-group. The second sub-group 

separated SF11 in one class from the remaining two genotypes (Sakha-

93 and Sahel-1) in another class.  

 In conclusion, the use of molecular markers can increase the 

efficiency of conventional plant breeding by identifying markers 

associated with the quantitatively inherited traits controlled by several 

genetic loci and their genetic components are difficult to measure. 

Consequently, wheat breeder can use molecular methods such as SSR 

to select specific genotypes for drought tolerance using specific unique 

markers. The SSR analysis used in the present investigation proved that 

it was possible to identify new genes or gene combinations of high 

grain yield/plant under drought stress conditions resulting from 

mutation and hybridization breeding procedures, respectively.  
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SUMMARY 

Drought tolerance in wheat refers to the ability of a variety to 

remain relatively more productive than others under limited water 

conditions. To start a proper bread wheat breeding program for 

improving drought tolerance, the source populations should possess a 

great amount of genetic variability in grain yield attributes. 

Unfortunately, with present distribution of improved high yielding, 

pure line cultivars in all of the world’s wheat growing areas, selection 

from established cultivars would rarely isolate a new genotype. 

However, new genetic variability in wheat populations could be 

induced via mutation and/or hybridization breeding procedures. 

Induction of mutations could be achieved by applying physical or 

chemical mutagens. Gamma rays were effective in broadening genetic 

variability of wheat cultivars for grain yield helping plant breeders to 

practice selection in the M2 and other mutant generations. Moreover, 

hybridization is the principal breeding procedure for the development of new 

recombinations, i.e., inducing new genetic variability in wheat from which 

new recombinations of genes may be selected.  

 The objectives of the present investigation were to: (i) estimate 

variance components, heritability and expected genetic advance from 

selection via F1 and F2 diallel analyses and M2 populations of seven 

gamma-irradiated wheat cultivars and lines under water stress and non-

stress conditions, (ii) evaluate selections (putative mutants and  

transgressive segregants) in the field for drought tolerance and estimate the 



178 
 

actual progress from selection and (iii) characterize the  best M3 and F3 

families at the DNA level via SSR analysis. 

The experiments were carried out at the farm and laboratories of 

the Plant Res. Dept., Nuclear Res. Center, Inshas from 2008/2009 to 

2011/2012. Seeds of the 7 bread wheat (Triticum aestivam L.) cultivars 

and lines viz., Sids-4 (P1), Sakha-61 (P2), line Maryout-5 (P3), Aseel-5 

(P4) , Sakha-93 (P5), Giza-168 (P6) and Sahel-1 (P7)) were treated 

with nine different doses of gamma rays i.e. 0, 100, 150, 200, 250, 300, 

350, 400 and 450 Gy, in a preliminary experiment to identify the 

proper radiation dose for useful mutation induction.  The six wheat 

genotypes (P1, P2, P3, P4, P5 and P6) were used to make the diallel 

crosses (without reciprocals) in 2008/2009 season. In 2009/2010 

season, plants of the 7 M1 bulks were grown to produce seeds of their 

respective M2 bulks. In the same season, F1 seeds from each of the 15 

crosses as well as their six parents were sown in the field under well 

water conditions in RCBD with 3 replications. At maturity F2 seeds of 

each cross were separately harvested. 

In 2010/2011 season, 7 M2 bulks and 7 parents (14 entries) were 

sown in an evaluation field experiment under water stress and non-

stress conditions, using a split-plot design with RCB arrangement with 

3 replications. Main plots were assigned to the two irrigation regimes 

(water-stress; WS and well-watering; WW) and sub-plots were 

assigned to the 14 genotypes. Two irrigation treatments (starting from 

21 days after sowing) were used, i.e., irrigation every 5 days (WW) 

and irrigation every 15 days (WS), where the soil is sandy and the total 

quantity of irrigation water for WS was 70 % of that for WW. Another 



179 
 

evaluation field experiment to evaluate 15 F2
’
s and their 6 parents, i.e., 

21 entries was conducted in the same season in a split-plot design with 

RCB arrangement in 3 replications. Main plots were assigned to the 

two irrigation regimes (WS and WS) and sub-plots were assigned to 

the 21 genotypes. Irrigation regimes and experimental plots were 

similar to those used in the previous experiment. Selection was 

practiced in M2 and F2 populations for high grain yield and 162 

individual plants were selected and harvested separately (21 and 32 M3 

families and 57 and 52 F3 families selected under WS and WW, 

respectively). 

In 2011/2012 season, a field experiment was conducted to evaluate 

162 selected genotypes in comparison with their 7 parents. The 

experimental design used was a split-plot with balanced lattice (13x13) 

arrangement in three replications. Main plots were assigned to the two 

irrigation regimes (similar to those used in the previous experiments) 

and sub-plots were devoted to 169 genotypes. 

Data were measured on 10 plants for F1
's and parents and 27 

plants for F2
's, M2

's and parents taken randomly from each 

experimental plot for plant height (PH), spike length (SL), spikes/plant 

(SPP), grains/spike (GPS), 100-grain weight (100GW), spike weight 

(SW) and grain yield/plant (GYPP). Moreover, data were taken on a 

per plot basis for days to heading (DTH), days to anthesis (DTA) and 

days to maturity (DTM). Data of all experiments were subjected to the 

proper statistical analysis of variance and the LSD test was used to 

verify differences between means. For the M2 experiment, genotypic 

(GCV) and phenotypic (PCV) coefficients of variation, genotypic (VG) 
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and phenotypic (VP) variances, heritability in the broad-sense (hb
2), 

expected genetic advance from selection (GA) and simple correlations 

among pairs of  studied traits were estimated. For the F1 and F2 diallel 

experiments, data were subjected to Griffing analysis, model I method 

2 to estimate general (GCA) and specific (SCA) combining ability 

variances and effects. Moreover, genetic variance components degree 

of dominance, heritability in narrow (h2
n) and broad (h2

b) sense and 

expected genetic advance from selection (GA %) were obtained. Data 

from the evaluation of selections experiment were used to estimate the 

actual gain from selection, identify the best 12 selections that exceed 

their parents under WS by at least 15 %. These 12 selections (7 

mutants and 5 segregants) were subjected to SSR analysis in the 

laboratory to verify their genetic differences from their parents at the 

DNA level. 

Results could be summarized as follows: 

1- Radiosensitivity of 7 wheat genotypes  

1. It is observed that the 350 Gy gamma rays dose caused growth 

reductions in seedling height ranging from 28.4% in Maryout-5 

to 48.7% in Giza-168 with an average of 38.2 % across all 

genotypes. However, the growth reduction caused by the 400 

and 450 Gy doses was on average 45.5 and 56.1 %, respectively. 

Accordingly, we selected the 350 Gy to irradiate the seven 

wheat genotypes under study as an attempt to induce useful 

gene mutations. 
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2- M2 bulks and their parents                   

1. Analysis of variance indicated that water deficit stress irradiation 

and genotypes had a significant effect on all studied traits of 

studied wheat M2 bulks and their parents. Studied wheat 

genotypes behaved differently under different irrigation regimes.  

2. Water stress caused an average significant reduction in grain 

yield/plant by 27.4% across all non-irradiated genotypes and 12.6% 

across all irradiated genotypes. The lowest reduction (4.5%) was 

shown by the irradiated genotype Aseel-5. On the contrary, an 

increase of 14.5% in grain yield occurred due to water stress in the 

irradiated genotype Sakha-61. Reduction in grain yield as a result of 

water deficit was associated with significant reductions in all other 

studied traits.  

3. In general, there was a significant reduction of 23.4% in grain yield / 

plant as a result of gamma ray treatment across all irradiated 

genotypes under well watering and 7.9% under water stress 

conditions as compared to non-treated wheat genotypes. On the 

contrary, irradiation caused significant increases in DTH under both 

stress and non-stress conditions, DTA, DTM and SPP under water 

stress only. For GYPP the most sensitive genotype to irradiation was 

Sakha-61, while the most non-sensitive genotype was Sids-4. 

4. Grain yield/plant and number of spikes/plant exhibited the widest 

ranges in M2 bulks under both stress and non-stress conditions. The 

broadest M2 range in grain yield/plant was shown by Sids-4 (I) 

followed by Aseel-5 (I) and Maryout-5(I) under both well-watering 

and water stress. The highest estimates of PCV, GCV, δ2
p and δ2

g   
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were exhibited by grain yield/plant and spikes/plant. The irradiated 

cultivar Sids-4(I) recorded the highest estimates of PCV and δ2
p  

under both WW and WS conditions and highest GCV and δ2
g under 

WW for five out of seven traits, including grain yield and the most 

important yield component, i.e., number of spikes/plant. The 

irradiated genotypes Maryout-5 and Sakha-93 under WW and WS 

came in the second rank. These genotypes could be considered the 

most responsive ones to induction of more variability via irradiation 

especially for grain yield and spikes/plant under water stress and 

non-stress conditions.  

5. In M2, the heritability estimates in the broad sense were, on average 

higher under WW than WS for five traits (PH, SPP, GPS, 100GW 

and GYPP); while the opposite was true for SL and SW traits. The 

highest h2
b estimate (61.70 and 51.45%) was shown by plant height 

followed for GYPP (25.21 and 24.10%) and spikes/plant (27.77 and 

22.03%) under WW and WS, respectively.  

6. The average predicted genetic gain from selection (GA) in M2 bulks 

was generally higher under well watering than under water stress 

conditions for all studied traits, except spike length. Under well 

watering, maximum predicted GA from selection in M2
’s was 

achieved from SPP (١٧.٠٧ %) followed by SL (١٥.٦٣ %) and 

GYPP (١٤.٦٩ %). Under water stress conditions, the highest 

expected GA percentage was obtained from SL (١٧.٥١ %) followed 

by GYPP (١١.٨٤%) and SPP (١١.٧٩%). Maximum gain from 

selection in the M2
 for high grain yield would be expected to be 

18.09 % from Sids-4(I) followed by 17.82 % from Sakha-61(I) 
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under non-stress and 16.83% from Aseel-5(I) followed by 13.22 % 

from Sids-4(I) and 12.89 % from Maryout-5(I) under water stress 

conditions.  

3- F1 crosses and parents 

1. Analysis of variance indicated the presence of highly significant 

differences among studied parents and their F1 crosses for all 

studied traits. Mean squares due to parents vs F1 crosses (heterosis) 

were highly significant for all studied traits, except for days to 

heading and spike weight.  

2. The F1 crosses were generally 9 days late in heading, 4 days in 

anthesis, but were earlier in maturity (by six days) than their 

parents. Sids-4 was the earliest parent and matured after 126 days. 

The earliest F1 cross (118 days to maturity) was (Sids-4 X Sakha-

61). The F1 crosses were generally taller (96 cm) than their parents 

(88cm). Mean grain yield/plant across all F1
's (43.0 g) was 

significantly higher than that across all parents (31.4 g); the 

average increase in yield was about 36.9 %. The best F1 in grain 

yield/plant under well watering was Sk-61 X As-5 (57.9 g), 

followed by Sk-61 X Mr-5 (53.5 g), Sk-61 X Gz-168 (52.3g) and 

Mr-5 X As-5 (51.7 g). The superiority of these F1
's in grain 

yield/plant was due to superiority in one or more yield components.  

3. Average heterobeltiosis was highest for plant height (16.4%) 

followed by grain yield/plant (31.1%). For grain yield/plant under 

well watering, the heterobeltiosis estimate reached to 67.2 % for 

(Sk-61 X Mr-5).  
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4. Results showed highly significant estimates of GCA mean squares 

in the F1
's for all studied traits, except for 100-grain weight. Highly 

significant estimates of SCA variances were also observed for 

most studied traits, indicating that both additive and non-additive 

gene effects played important role in the inheritance of most 

studied traits under well irrigation. The ratio of GCA/SCA 

exceeded unity for all studied traits of F1
's, except DTH and SL, 

where GCA/SCA ratio was below the unity and plant height and 

100 GW, where this ratio was equal to unity.  

5. Data indicated that Sids-4 followed by Sakha-61 cultivar were the 

best general combiners for DTH, DTA and DTM, i.e., for all 

earliness traits. Early heading, early anthesis and early maturing 

parents (per se) were good general combiners for these traits and 

the opposite was true. The largest positive (favorable) GCA effects 

were exhibited by Sakha-61 (for grain yield/plant and number of 

spikes/plant).  

6. The largest positive (desirable) SCA effects were shown by the F1
’s 

(Sk-61 X Mr-5) and (Sk-61 X Sk-93) followed by (Mr-5 X As-5) 

and (Mr-5 X Gz-168) for grain yield (GYPP).  

7. The dominance genetic components of variation (δ2
D) for 8 out of 

ten studied traits in F1
’s was much greater in magnitude than 

additive component (δ2
A). The degree of dominance "a" in F1

’s was 

overdominance (a > 1) for all studied traits under non-stress 

conditions.  

8. Heritability in the narrow sense (h2
n) in the F1

’s was generally 

medium in magnitude and ranged from 25.3% for DTH to 50.5% 
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for SW under well watering conditions. Expected genetic gain 

(GA) from selection based on F1 results and using 1 % selection 

intensity and h2
n ranged from 2.3 % for DTM to 22.5 % for SPP 

followed by 21.9 % for GYPP under well watering. 

9. Highly significant and positive correlation coefficients were 

recorded in F1
’s between grain yield/plant and each of SPP (0.83) 

and 100GW (0.62). This means that selection for more number of 

spikes / plant and for heavy kernel will simultaneously help in 

improving grain yield/plant. 

4- 15 F2 populations 

1. Water stress caused a significant reduction in all studied traits of F2 

crosses; however this reduction was slight and ranged from 2.1 % 

for days to anthesis to 11.5% for grain yield/plant.  

2. Data indicated significant differences among the 15 F2   populations 

in all studied traits under both irrigation regimes regarding their 

absolute mean performances as well as relative change (reduction) 

due to water tress. The earliest F2 cross was (Sd-4 X Sk-61) for 

DTH, DTA and DTM under both (WW) and (WS). The second 

earliest F2 was (Sd-4 X Mr-5). These two F2 crosses share a 

common parent, namely Sids-4 which was the earliest parent in 

Experiment Two and Three. The tallest F2 cross was (Mr-5 X As-

5); (101 and 94 cm), while the shortest one was (As-5 X Gz-168; 

83 and 83 cm) under WW and WS, respectively. The F2 cross (Sk-

61 X As-5) came in the 1st rank for grain yield/plant (35.9 g) under 

WS and for the lowest reduction due to water stress (4.4%).  
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3. Results showed highly significant estimates of GCA and SCA mean 

squares for all studied traits of the F2
's under both water-stress and 

non-stress conditions. The ratio of the GCA/SCA mean squares 

was greater than unity for all studied traits of F2 crosses under both 

stress and non stress conditions, except DTM and 100GW under 

WW and SPP and GYPP under WS. 

4. Data indicated that under well watering conditions, the best general 

combiners for GYPP were Sk-61 followed by Mr-5 and Sids-4 for 

(DTH, DTA and DTM). Under water stress, the best combiners in 

F2 for GYPP were As-5 followed by Mr-5 and Sids-4 for earliness 

traits. The superiority of Sk-61 and Sids-4 as best general 

combiners for the respective traits under WS was also confirmed 

in the F1 diallel analysis under WW conditions. 

5. Under water stress, the best F2 cross in SCA effects was (Sd-4 X Sk-

61) for 3 traits (DTA, DTM and GYPP), (Sk-61 X As-) for 5 traits 

(PH, SL, SW, GPS and 100GW), (Sk-61 X Gz-168) for SPP and 

(As-5 X Gz-168) for DTH. It is worthy to note that the cross (Sk-

61 X Mr-5) ranked first for SCA effects of GYPP in both F1 and F2 

diallel analyses.  

 6. Additive genetic component of variance (δ2
A) for all studied traits 

of F2 crosses was much greater in magnitude than dominance 

variance (δ2
D) under both irrigation regimes. The degree of 

dominance "a" in F2
’s was in the partial dominance range (a < 1) 

for all studied traits under both environments, except for DTM 

under WW, and SPP and GYPP under WS, where it was in the 
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over dominance (a > 1) range and 100GW under WW which was 

complete dominance (a = 1).  

7. The heritability in the narrow sense (h2
n) observed in F2 crosses showed 

generally medium to high in magnitude and ranged from 40.0 % for 

100GW to 81.9 % for PH under WW and from 45.0 % for 100GW to 

85.0 % for SL under WS conditions.  

8. Predicted gain from selection (GA %) based on 1% selection intensity 

and heritability in the narrow sense in the F2 populations of 15 

crosses ranged from 1.95 % for 100GW to 20.25 % for GYPP under 

non-stress and from 2.93 % for DTM to 14.45 % for SL followed by 

11.61 % for GYPP under water-stress conditions.  

9. Under water stress, it is expected that the F2 cross responsive to 

selection based on the estimates of genetic parameters is (As-5 X Sk-

93) for selection for high GYPP, SPP and SW, followed by (Mr-5 X 

As-5) for high GYPP, SPP, GPS, 100GW, SW and SL, (Sk-61 X As-

5) for GYPP and GPS, Sd-4 X As-5 for GYPP, SPP, 100GW, SW 

and SL and then (Sk-93 X Gz-168) for GYPP. These crosses are 

expected to release more drought tolerant transgressive segregants. 

5- Selection   

1. Results indicated that means of all the four selection groups (21 M3 

families selected under WS, 32 M3 families selected under WW, 

57 F3 families selected under WS and 52 F3 families selected 

under WW) were higher than the mean of their parents under 

water stress or non-stress conditions. Moreover, means of the best 

selected genotypes in each of the four selection groups were 

markedly higher in magnitude for grain yield attributes and were 
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earlier in maturity (lower) than the best parent under both WW and 

WS conditions. In general, selection in this experiment under WS 

was more efficient than selection under WW when the target 

environment is WS and the opposite is true.  

2. Out of the previously mentioned four selection groups 2, 5, 3 and 2 

families, respectively significantly outyielded the best parent, by at 

least 15 %, under WS conditions were indentified. On average, 

under WS conditions the group of the best 5 F3 families showed 

the highest mean grain yield (41.2 g), while the group of 7 parents 

exhibited the lowest grain yield (26.6 g). This means that selection 

practiced in both M2 and F2 populations was effective in producing 

higher yielding families under water stress and of higher drought 

tolerance than the original parents.  

3. The best families in grain yield/plant under water stress were SF9 

(45.6 g), followed by SF11 (44.2 g) and SF3 (42.8 g) with a very 

low reduction due to water stress (6.9, 6.2 and 11.2%, 

respectively). Superiority of the best M3 and F3 families in grain 

yield over parents was associated with superiority in number of 

spikes/plant.  

4. Selection in the F2 generation of the studied wheat crosses resulted 

in a significant actual superiority (actual selection gain) over the 

better parent of each cross in grain yield/plant ranging from 15.48 

% for SF10 to 74.71 % for SF9 under water stress and from 

32.76% for SF12 to 60.24 % for SF9 under non-stress conditions. 

The 5 superior F3 families in grain yield are the result of 
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transgressive segregation and may be considered promising lines 

of tolerance to drought conditions.  

5. Selection for high grain yield in the M2 populations derived from 

gamma radiation treatment of seven wheat genotypes resulted in 

an actual progress over the parent in GYPP ranging from 26.27 to 

64.36 % under WS and from 25.44 to 56.34 % under WW for SF1 

and SF3, respectively. The selected M3 family (SF3) showed the 

highest actual selection gain followed by SF6 (62.62 and 48.03% 

under WS and WW, respectively). Superiority of the seven M3 

families in grain yield is also mainly due to superiority over their 

original parents in number of spikes/plant. 

6- Molecular characterization  
1. Fifteen SSR primer pairs were used for PCR amplification of the genomic 

DNA of 19 wheat genotypes (best 7 M3 families and best 5 F3 families 

and 7 parents). The number of amplified SSR bands varied among the 

fifteen primers. The highest number was 10 amplicons generated by the 

primer WMC 179, while the primers WMS 50, WMC 235 and WMS 304 

exhibited the lowest number of amplicons (one amplicon) which was 

monomorphic for the latter two primers and polymorphic for the first 

primer. The amplification profiles of the 19 wheat genotypes produced 

by the 15 SSR primers revealed a total of 44 polymorphic bands out of 

46 reproducible products. This corresponds to a level of polymorphism 

of 86.67 %.  

2. The SSR assay permitted the identification of three out of 19 wheat 

genotypes by unique positive and/or negative markers. These three 

genotypes, i.e., SF3, SF4 and Aseel-5 were characterized by five 
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positive unique markers, while SF4 was characterized by two 

negative unique markers. The selected drought tolerant mutant SF3 

was characterized by three unique positive markers amplified by 

the primers WMC 177 (100 bp) and WMC 179 (800 and 1000 bp). 

The selected drought tolerant mutant SF4 was characterized by one 

unique positive markers amplified by the primers WMC 179 (50 

bp) and two negative unique markers amplified by the primers 

WMC 177 (200 bp) and WMC 179 (550 bp). The drought tolerant 

Syrian parent (Aseel-5) was characterized by one positive unique 

marker amplified by the primers WMS 198 (100 bp). Thus using 

SSR analysis, we were able to identify seven markers associated 

with drought tolerance in wheat. The present results support the 

idea that SSR analysis can provide fast detection of species- 

specific markers linked to drought stress tolerance in bread wheat. 

These markers could help in breeding programs aiming at 

improving wheat productivity under drought stress conditions. 

3. The genetic similarity among the 19 wheat genotypes ranged from 30 to 

88 %. The highest genetic similarity (GS) revealed by SSR analysis (88 

%) was between SF7 and each of SF2 and SF6. High GS between SF6 

and SF7 is expected, since both of them are derived from one common 

parent (the gamma irradiated Sahel-1 cultivar). While the lowest 

similarity (30 %) was between SF4 and each of Sakha-61 and Maryout-5.  

4. The dendrogram separated the SF4 family from all the other 18 genotypes. 

The SF3 was also separated from the remaining 17 genotypes. This 

demonstrates the distinctiveness of the genetic background of these two 

selections (SF3 and SF4).  
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 مضخم بواسطة البادئ  فريد موجب واسم وصفت بواسطهSF4المتحملة للجفاف 

WMC 177 (50 bp)ين بواسطه البادىء تين مضخمتين فريدين سالبت وواسمWMC 
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 WMS 198 بواسطة البادئ ة مضخمة موجبه فريد واسمة  وصف بواسطهللجفاف
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هذه الواسمات يمكن أن تساعد فى برامج التربية التى . بتحمل الجفاف فى قمح الخبز

 .اد الجفافتهدف لتحسين انتاجية القمح تحت ظروف اجه

ين ال          .٣ وراثي ب ي من القمح من            ١٩ـ   تراوحت النسبة المئوية للتماثل ال  ٣٠ ترآيب وراث

آانت  %) ٨٨  (SSRـ أعلى درجة تماثل وراثي ظهرت بواسطة تحليل ال    %. ٨٨إلى    

ة   ين العائل ائلتين   SF7ب ن الع ل م ين     . SF2 ، SF6 وآ الي ب وراثي الع ل ال ذا التماث ه

الصنف  ( نطقي ، نظرًا ألن آال العائلتين نتجتا من أب مشترك             م SF6   ، SF7العائلتين  

بين العائلة %)  ٣٠(بينما آانت أقل نسبة للتماثل الوراثي )  المشعع بأشعة جاما –ساحل 

SF4 ٥- ومريوط٦١ وآال من سخا. 

ة           ) ة  يالشجرة التطور ( رسم الدندروجرام    .٤ ة فصل العائل  SF4الذي يوضح درجة القراب

ة التراآيب   SF3آذلك فصلت العائلة .  األخرى١٨ ب الوراثية الـ  عن آل التراآي    عن بقي

ـ  ة ال اتين        ١٧الوراثي وراثي له ب ال ح للترآي تالف الواض ح االخ ا يوض رى ، مم  األخ

 . عن آل التراآيب الوراثية األخرى(SF4 , SF3)العائلتين 
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نتيجة االنعزال متجاوز الحدود، ويمكن اعتبارها سالالت واعدة ذات تحمل لظروف           

 .الجفاف

الي ف  .٥ اب للمحصول الع ة االنتخ ـأدت ممارس شائر ال ة M2 ى ع ن المعامل ة م  الناتج

اء األص  ى اآلب ي عل دم حقيق ى تق ن القمح إل ة م ب وراثي سبع تراآي ا ل عة جام لية بأش

تحت االجهاد  % ٦٤٫٣٦ إلى ٢٦٫٢٧ت تراوح من انبالمقابلة فى محصول حبوب ال

 والعائلة SF1تحت عدم االجهاد بالنسبة للعائلة   %  ٥٦٫٣٤ إلى   ٢٥٫٤٤المائي ومن   

SF3 ،  ة     .على التوالي ى تحسين ح     SF3 أظهرت العائل ي باالنتخاب متبوعة     ق يق أعل

والي          % ٤٨٫٠٣ و   ٦٢٫٦٢ ( SF6بالعائلة   ى الت اد ، عل  .)تحت االجهاد وعدم االجه

ى            M3تفوق السبع عائالت     ا عل  فى محصول حبوب النبات يرجع أساسًا أيضًا لتفوقه

  .فى عدد سنابل النباتآبائها األصلية 

  ف الجزيئي التوصي -٦  

ـ   .١ ة ال ح بتقني ى القم اف ف ل الجف صًا لتحم ًا متخص شر بادئ سة ع تخدم خم    PCR اس

 ، F3 عائالت  ٥ ،   M3  عائالت ٧(يب وراثي من قمح الخبز       ترآ ١٩  لـ نووى ال حمضلل

اً  SSR اختلف عدد حزم الـ .) آباء ٧ ى عدد    .  المضخمة بين الخمسة عشر بادئ ان أعل آ

ت   ١٠من الحزم هو     ادئ       والذي ن ادئ             ,WMC179ج عن الب  فى حين أظهر آل من الب

WMS30 و WMC 235 و WMS304 والتي  )حزمة واحدة (  أقل عدد من الحزم ،

شكل  دة ال ت وحي كال Monomorphicآان ددة األش رين ومتع ادئين اآلخ سبة للب  بالن

Polymorphicأظهرت البروفيالت المضخمة للتراآيب الوراثية .  بالنسبة للبادئ األول

طة ا ح بواس ن القم شر م سعة ع شرلت ـ   خمس ع ادئ لل دد SSRب ددة ٤٤ ع ة متع  حزم

دد األشكال     ٤٦ من إجمالي  polymorphicاألشكال   حزمة وهذا يقابل مستوى من تع

polymorphism   ٨٦٫٦٧ قدره.%  

بتحديد ثالثه من تسعة عشر ترآيب وراثى من قمح الخبز  SSR سمح تحليل الـ  .٢

  و SF4 و SF3(هذه الترآيب الوراثية . موجبه أو سالبةبواسطة واسمات فريدة 

وصفت بواسطه خمس واسمات فريده موجبه، بينما ترآيب و  متحملة للجفاف)٥أصيل

الطفرة المنتخبة المتحملة . وصف بواسطه واسمتين فريدتين سالبتين) SF4(واحد منها 



 ١٠

وب           معنوياً أعلى  ، وآانت     بدرجة واضحة فى المقدار بالنسبة لصفات محصول الحب

اد                     اد وعدم االجه أآثر تبكيرًا فى النضج عن أحسن أب تحت ظروف آال من االجه

اءة   . المائي بصفة عامة ، آان االنتخاب فى هذه التجربة تحت االجهاد المائي أآثر آف

ائي،         اد الم ي االجه دف ه ة اله ون بيئ دما تك اد عن دم االجه ت ع اب تح ن االنتخ ع

 .والعكس صحيح

ة         سابقة الذآر  من األربعة مجاميع   .٢ ائلتين   ( –  تم تحديد اثنى عشر عائل ة   M3ع  منتخب

اد ،      اد ،        M3 عائالت    ٥تحت االجه ة تحت عدم االجه ة  F3 عائالت  ٣ منتخب  منتخب

 والتي آانت تتفوق معنويًا فى  ) منتخبة تحت عدم االجهاد    F3تحت االجهاد ، عائلتين     

ائي      اد الم ل عن    المحصول عن أعلى اآلباء محصوالً  تحت االجه ا ال يق . %  ١٥بم

 F3 عائالت    ٥ أظهرت مجموعة أحسن     .فى المتوسط ، تحت ظروف االجهاد المائي      

ل            ) جم ٤١٫٢(أعلى متوسط محصول حبوب      اء أظهرت أق سبع آب ، بينما مجموعة ال

    M2ـ يعني ذلك ان االنتخاب المطبق فى آال من عشائر ال             ). جم ٢٦٫٦ (محصول  

تنبا F2ـ وال ى اس اًال ف ان فع ائي وذات    آ اد الم ة تحت االجه ى انتاجي ائالت أعل ط ع

 . تحمل أعلى للجفاف من اآلباء األصلية

ة                       .٣ ائي هي العائل اد الم ات تحت االجه وب النب ائالت فى محصول حب ى الع آانت أعل

SF9 ين ن الهج ة م وط  × ٤سدس (  المنتخب ائي ) ٥مري اد الم  ٤٥٫٦( تحت االجه

م ة ) ج ة بالعائل ة SF12متبوع ين   المنتخب ن الهج خا(م خا × ٦١س تحت ) ٩٣س

زة       SF3والعائلة  )  جم ٤٤٫٢( االجهاد المائي     ١٦٨ المنتخبة من الصنف المشعع جي

ائي         اد الم ائي            )  جم  ٤٢٫٨(تحت ظروف االجه اد الم دا نتيجة االجه ل ج نقص قلي وب

والي  % ١١٫٢ ، ٦٫٢ ، ٦٫٩( ى الت ائالت   ). ، عل سن ع وق أح ى F3 و M3تف  ف

 .باء آان مصحوبًا بتفوقها فى عدد سنابل النباتمحصول الحبوب على اآل

وي حقيقي                 .٤ وق معن تطبيق االنتخاب فى الجيل الثاني للهجن تحت الدراسة أدى إلى تف

اب(  ي باالنتخ سين حقيق ى محصول   ) تح ل ف ين المقاب ى الهج سن ف ى األب األح عل

راوح من         ات ت ة   %  ١٥٫٤٨ حبوب النب ى    SF10للعائل ة   %  ٧٤٫٧١ إل  SF9للعائل

ائي ومن        ت اد الم ة   %  ٣٢٫٧٦حت االجه ى    SF12للعائل ة   % ٦٠٫٢٤ إل  SF9للعائل

ات هي          F3ـ   العائالت ال  .تحت عدم االجهاد    الخمس المتفوقة فى محصول حبوب النب



 ٩

وراثي المضيف         .٦ δ2)آان التباين ال
A)            ـ صفات تحت الدراسة لهجن ال ر   F2  لكل ال  اآب

δ2)بكثير فى المقدار عن تباين السيادة       
D)      ري سيادة     . تحت آال من نظامي ال درجة ال

ين    F2ى هجن الـف  آانت سيادة جزئية لكل الصفات تحت الدراسة تحت آال من البيئت

نابل          دد س فتي ع اد وص دم االجه ت ع ضج تح ى الن ام حت دد األي فة ع دا ص ا ع ، م

ة وصفة وزن         ومحصول الحبوب للنبات تحت االجهاد المائي حيث آانت السيادة فائق

 .املة حبة تحت عدم االجهاد حيث آانت السيادة آ١٠٠الـ

ـ      .٧ ن ال ى هج ي لوحظت ف ضيق الت المعنى ال ث ب اءة التوري ة F2 آف صفة عام ت ب   آان

ى طة ال ن  متوس دار وتراوحت م ى المق ة ف ـ%  ٤٠٫٠ عالي وزن ال ى ١٠٠ ل ة إل  حب

ـ %  ٤٥٫٠الرتفاع النبات تحت عدم االجهاد ومن      %  ٨١٫٩ ى   ١٠٠ لوزن ال ة إل  حب

 .لطول السنبلة تحت ظروف االجهاد المائي%  ٨٥٫٠

درها               .٨ ة ق ى شدة انتخابي اءة    %  ١التحسين المتوقع باالنتخاب المعتمد عل وباستعمال آف

ـ  F2 توريث بالمعنى الضيق فى عشائر الـ      راوح من        ١٥  لل وزن  %  ١٫٩٥ هجين ت ل

 2.93لمحصول حبوب النبات تحت عدم االجهاد ومن         %  ٢٠٫٢٥ حبة إلى    ١٠٠ الـ

ى    %  ضج إل ى الن ام حت دد األي ول % ١٤٫٤٥لع ـ  لط ًا ب سنبلة متبوع %  ١١٫٦١ ال

 .لمحصول حبوب النبات تحت االجهاد المائي

ده، أن أحسن    .٩ ى ح ين عل ل هج ة المحسوبة لك يم الثوابت الوراثي ًا لق ع طبق  من المتوق

ين  و F2هج ستجيب لالنتخاب ه خا  × ٥أصيل ( م ـ )٩٣س ا ب وط ( متبوع  × ٥مري

يل  خا (  ،)٥أص يل  × ٦١س ائي   )٥أص اد الم ت االجه صول لتح ذه . صفة المح ه

 .الهجن يتوقع أن تطلق انعزاالت متجاوزة الحدود متحملة للجفاف

 االنتخاب  -٥

ة                  .١ ة األربع ائالت المنتخب اميع الع عائالت  ( اشارت النتائج إلى أن متوسطات آل مج

M3        منتخبة تحت االجهاد المائي ، عائالت M3      د، عائالت ري الجي ة تحت ال  منتخب

F3     المائي ، عائالت     منتخبة تحت االجهادF3      آانت أعلى )  منتخبة تحت الري الجيد 

اء        معنويًا سبعة (  من متوسط مجموعة اآلب اد            ) ال اد وعدم االجه تحت آال من االجه

ة آانت              . المائي آذلك آانت متوسطات أحسن منتخب فى آل من المجموعات األربع



 ٨

ة فى ال    ١٥  ـأظهرت النتائج فروقًا معنوية بين ال  .٢ صفات    F2ـ  عشيرة هجيني  فى آل ال

ا   ن نظ ال م ة تحت آ طات تحت الدراس ري بخصوص متوس ذلك مي ال ة وآ ها المطلق

رًا    . النسبي الراجع لإلجهاد المائي   ) النقص( التغير   ر تبكي ان سدس   الهجين األآث  ٤آ

ائي        ٦١سخا  ×  رًا فى ال         .  تحت آال من االجهاد وعدم االجهاد الم اني الهجن تبكي ـ وث

F2    ذي   ٤ هذين الهجينين يشترآا فى أب واحد هو سدس          ٥مريوط   × ٤ آان سدس ال

ـ   ين ال رًا، الهج ر تبكي ه األب األآث ر أن وط  F2 أظه ان مري ول آ  ٥أصيل  × ٥ األط

ان أصيل )  سم٩٤ و١٠١( صر آ ين األق ا الهج زة  × ٥، بينم  ٨٣ و ٨٣ ( ١٦٨جي

م  والي) س ى الت ائي، عل اد الم د واالجه ري الجي ت ال ين ال. تح ى F2ـ الهج  األعل

ل         آقيمة مطلقة     ٥أصيل  ×  ٦١محصوًال آان سخا     ذلك األق ائي وآ اد الم تحت االجه

 ). %٤٫٥(نقًصا بسبب االجهاد المائي 

ة           .٣ درة العام ات الق طات مربع ة لمتوس ة المعنوي ًا عالي ائج قيم رت النت  (GCA)أظه

تالف لهجن ال        (SCA)والقدرة الخاصة    ى االئ اد وعدم           F2ـ   عل  تحت آال من االجه

اد سبة . االجه ر من الواحGCA/SCAآانت الن صحد أآب صفات تحت  ال يح لكل ال

الدراسة تحت آال من االجهاد وعدم االجهاد المائي ما عدا صفتي األيام حتى النضج               

ـ وب      ١٠٠ووزن ال صول الحب سنابل ومح دد ال فتي ع اد وص دم االجه ت ع ة تح  حب

 .للنبات تحت االجهاد المائي

ـ               .٤ د سواء فى ال ـ   F1 دلت النتائج أنه تحت ظروف الري الجي سن  ، ظهرت أح     F2  أو ال

خا   طة س تالف بواس ى االئ ة عل درة عام أثيرات ق وط ٦١ت صفة محصول ٥ ومري  ل

اد             ٤الحبوب وسدس    د وتحت ظروف االجه .  لصفات التبكير الثالث تحت الري الجي

صفات                ٤ وسدس   ٦١تفوق سخا    سبة لل تالف بالن ى االئ ة عل درة العام أثيرات الق  فى ت

 .  تحت الري الجيدF1ـ هجن الالمقابلة تحت االجهاد المائي تم تأآيده أيضًا فى 

تالف           F2تحت االجهاد المائي آان أفضل هجين         .٥ ى االئ درة الخاصة عل  فى تأثيرات الق

(SCA) و دس ( ه خا  × ٤س ـ )٦١س ى  (  صفات ٣ ل رد وحت ى الط ام حت دد األي ع

وط   × ٦١من الجدير بالذآر أن الهجين سخا        . ) النضج ومحصول حبوب النبات    مري

تالف لمحصول           جاء فى المرآز األ    ٥ ى االئ ول من حيث تأثيرات القدرة الخاصة عل

  .F2 الثاني    وF1حبوب النبات فى آال من الجيل األول 
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تالف               ى االئ ة عل درة العام ضا األفضل فى الق رة فى النضج هي اي صفات  اآلباء المبك  ل

ة     ظهرت أعلى تأثيرات    . يحالتبكير والعكس صح   تالف عام درة ائ ة      ق ة مرغوب فى   موجب

 ). بصفتي محصول الحبوب وعدد السنابل للنبات ( ٦١ سخا الصنف

تالف        ) مرغوبة  ( أعلى تأثيرات موجبة      .٦ ى االئ  فى  ظهرت    (SCA)للقدرة الخاصة عل

ـ      )٩٣سخا   × ٦١سخا   ( و )٥مريوط   × ٦١سخا  ( F1 هجن الـ  وط   ( متبوعة ب  × ٥مري

  .صفة محصول حبوب النباتل) ١٦٨جيزة  × ٥مريوط  (و) ٥صيل أ

سيادة       .٧ δ2)آان تباين ال
D)    ـ سبة ل ـ    صفات تحت الدراسة فى هجن ا           ١٠ من    ٨  بالن  F1ل

اين المضيف                       دار عن التب ر فى المق ر بكثي د أآب ري الجي δ2)تحت ظروف ال
A) .  درجة

صفات   Overdominance آانت من نوع السيادة الفائقة F1ـ ن الالسيادة فى هج  لكل ال

 .تحت الدراسة تحت الري الجيد

دار      F1 ن الـة التوريث فى المعنى الضيق فى هج آانت آفاء   .٨ ة فى المق ة عالي صفة عام  ب

ن   ت م ى     % ٢٥٫٣وتراوح رد إل ى الط ام حت دد األي ت    % ٥٠٫٥لع سنبلة تح وزن ال ل

ع باالنتخاب المحسوب من            .ظروف الري الكامل   وراثي المتوق ـ    التحسين ال ائج ال  F1  نت

لعدد األيام % 2.3شدة انتخابية وآفاءة توريث بالمعنى الضيق تراوح من       % ١باستخدام  

ات ،    % 22.5حتى النضج إلى     ات تحت      % 21.9لعدد سنابل النب وب النب لمحصول حب

 .الري الجيد

وب    F1ـ ن ال باط موجبة وعالية المعنوية فى هجسجلت معامالت ارت    .٩ ين محصول حب   ب

ك أن    ). ٠٫٦٢( حبة   ١٠٠ووزن الـ  ) ٠٫٨٣( ل من عدد سنابل النبات      النبات وآ  يعني ذل

ساعد فى نفس الوقت                      ل سوف ي ة اثق االنتخاب لعدد اآبر من السنابل بالنبات ولوزن حب

 . على تحسين محصول حبوب النبات

   F2 عشيرة هجينية فى الـ١٥  -٤

 تحت آال  F2 راسة لهجن الـ  سبب االجهاد المائي نقصًا معنويًا فى آل الصفات تحت الد          .١

راوح من                ا وت ام    %  ٢٫١من نظامي الري، ولكن مثل هذا النقص آان طفيف دد األي لع

 . بالنسبة لمحصول حبوب النبات % ١١٫٥حتى بروز المتوك إلى 
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ا             ) قوة الهجين  م حتى   عالية المعنوية لكل الصفات تحت الدراسة، ما عدا صفتي عدد األي

  .الطرد ووزن السنبلة

ل األول آانت هج  .٢ أخرة فى الطرد   F1ن الجي ة مت صفة عام ـ( ب ام٩ ب وفى خروج )  أي

 األب  ٤آان سدس   . عن آبائها ) سته ايام (ولكنها آانت أبكر فى النضج      )  أيام ٤بـ(المتوك  

ان الهجين     .  يوم من الزراعة     ١٢٧األآثر تبكيرا ونضج بعد      را    F1آ ر تبكي  ١١٨ ( األآث

ة أطول        F1ـ  ن ال  آانت هج   . ٦١سخا   × ٤هو سدس   ) نضجم حتى ال  يو صفة عام  ٩٦( ب

ا   ) سم  ـ         ). سم  ٨٨(من آبائه ر آل هجن ال ات عب وب النب ان متوسط محصول حب   F1آ

 ١٥٫٦بزيادة قدرها حوالي )  جم٣١٫٤(أعلى معنويًا عن متوسط آل اآلباء     ) جم ٤٣٫٠(

ات تحت          F1آان أحسن هجين    %  وب النب د هو سخا          فى محصول حب ري الجي  × ٦١ال

ـ تفوق هذه الهجن فى ال       ).  جم   ٥١٫٧ (٥أصيل × ٥ومريوط  ) جم   ٥٢٫٣ ( ١٦٨جيزة  

F1فى محصول الحبوب يرجع لتفوقها فى صفة أو أآثر من مكونات المحصول  . 

ألب األحسن    .٣ سبة ل ين بالن وة الهج ان متوسط ق ن (heterobeltiosis)آ ا يمك ى م  أعل

سبة  % ). ١١٫٥(متبوع بمحصول حبوب النبات    % ) ١٦٫٤(ت  بالنسبة الرتفاع النبا   بالن

د        سبة            حيث  لصفة محصول حبوب النبات تحت الري الجي وة الهجين بالن ة ق  وصلت قيم

 .٥أصيل  × ٦١فى الهجين سخا %٤٢٫٦لألب األعلى إلى 

ة     .٤ درة العام ة للق ات الراجع طات المربع ة لمتوس ة المعنوي يم عالي ائج ق رت النت أظه

(GCA) ـ    االئتالف لهجن ا    على دا صفة وزن                 F1ل ا ع صفات تحت الدراسة ، م  لكل ال

درة الخاصة                .  حبة ١٠٠الـ ات الق ة لتباين ة المعنوي يم عالي ى   (SCA)آذلك لوحظت ق  عل

ات الم           ى ان آال من التباين دل عل ا ي صفات تحت الدراسة، مم تالف لمعظم ال فة ضياالئ

ر المضيفة    ًا فى تو   تلوغي د     يرعب دورًا مهم ري الجي صفات تحت ال تعدت . ث معظم ال

ل األول         ال الواحد الصحيح لكل     GCA/SCAالنسبة   صفات تحت الدراسة فى هجن الجي

F1                   ل من سبة أق ذه الن  ما عدا صفتي عدد األيام حتى الطرد وطول السنبلة حيث آانت ه

ساوية    ١٠٠الواحد الصحيح وصفتي ارتفاع النبات ووزن       سبة م ذه الن  حبة حيث آانت ه

 .للواحد الصحيح

سخا      ٤لى أن سدس    أشارت النتائج إ    .٥ ًا ب ى            آان  ٦١ متبوع ة عل درة العام ا األفضل فى الق

ر  صفات التبكي تالف ل ضج  ( االئ ى الن وك وحت روج المت ى خ رد وحت ى الط ام حت ). األي



 ٥

ات          سنابل للنب وب وعدد ال صفتي محصول الحب تباين اآثر بواسطة االشعاع خصوصا ل

 . تحت آال من ظروف االجهاد وعدم االجهاد المائي

ت عدم  تح   فى المتوسط أعلى M2  آفاءة التوريث بالمعنى العام فى عشائر الـآانت قيم .٥

ائي لخمس صفات            ات،        ( االجهاد منها تحت االجهاد الم نابل النب ات، عدد س اع النب ارتف

ات  ١٠٠عدد حبوب السنبلة، وزن الـ   وب النب ان العكس صحيحًا    )  حبة، محصول حب وآ

سنبلة       ل بالنسبة   سنبلة ووزن ال ة       . صفتي طول ال اءة توريث عام يم آف ى ق  ، ٦١٫٧٠(أعل

ظهرت بواسطة صفة ارتفاع النبات متبوعة بصفة محصول حبوب النبات          %)  ٥١٫٤٥

ات   % ) ٢٤٫١٠ ، ٢٥٫٢١( نابل النب دد س دم  %)  ٢٢٫٠٣ ، ٢٧٫٧٧(وع ت ع تح

 .االجهاد واإلجهاد المائي، على التوالي

ـ  آان متوسط التقدم الوراثي المتوقع من االنتخاب فى ع           .٦ ة       M2 شائر ال صفة عام ى ب  أعل

دا                    ا ع صفات تحت الدراسة، م تحت الري الجيد عنه تحت االجهاد المائي بالنسبة لكل ال

سنبلة     د،       . صفة طول ال ري الجي ى   م  ت تحت ال ة للتحسين         الحصول عل ة متوقع ى قيم  أعل

شائر ال     ى ع اب ف وراثي باالنتخ ات     M2ـ ال نابل النب دد س فة ع ن ص % )  ١٧٫٠٧( م

صفة   سنبلة      متبوعة ب ات       %)  ١٥٫٦٣( طول ال وب النب ا  %)  ١٤٫٦٩(ومحصول حب أم

تحت ظروف االجهاد المائي، تم الحصول على أعلى قيمة متوقعة للتحسين الوراثي من              

سنبلة     ات           %)  ١٧٫٥١( صفة طول ال وب النب صفة محصول حب %) ١١٫٨٤(متبوعة ب

ـ  أعلى قيمة تقدم باالنتخاب فى عشا     %).  ١١٫٧٩(وعدد سنابل النبات     سبة   M2 ئر ال  بالن

ون      ا ان تك ن توقعه ات يمك وب النب صول حب دس  % ١٨٫٠٩لمح ن س شعع ( ٤م ) الم

اد      %) ١٧٫٨٢) (المشعع ( ٦١متبوع بالصنف سخا     من  %  ١٦٫٨٣و  تحت عدم االجه

يل  شعع (٥أص ـ ) الم ة ب دس  %  ١٣٫٢٢ متبوع ن س شعع ( ٤م ن % ١٢٫٨٩و ) الم م

 .يتحت ظروف االجهاد المائ) المشعع ( ٥مريوط 

   وآبائها F1هجن الجيل األول  -٣

ين هجن ال                    اظهر .١ اء وب ين اآلب ة ب ة المعنوي روق عالي  لكل   F1ـ   تحليل االختالف وجود ف

ل الهجن               . الصفات تحت الدراسة    اء مقاب ة لآلب  ( F1آانت متوسطات المربعات الراجع



 ٤

   وآبائهاM2 الثاني الطفرى الجيل خلطات -٢

أثير  ما آان له واالشعاع والترآيب الوراثىأشار تحليل االختالف ان اجهاد نقص الماء  .١  ت

ات ال     صفات لخلط ل ال ى آ وي عل تها  M2ـ معن م دراس ي ت ا الت ان أداء  .  وآبائه د آ وق

 .التراآيب الوراثية للقمح مختلفًا تحت انظمة الري المختلفة

داره   مائي فى حدوث نقصًا معنويًا فى م     تسبب االجهاد ال   .٢ ات مق  ٢٧٫٤حصول حبوب النب

شععة وعب%  ر الم ة غي ب الوراثي ل التراآي ة ع%  ١٢٫٦ر آ ل التراآيب الوراثي ر آ ب

شععة نقص      . الم صحوبًا ب ان م ائي آ اد الم ة االجه وب نتيج صول الحب ى مح نقص ف ال

 .معنوي فى آل الصفات األخرى تحت الدراسة

ة بأشعة                  بصفة عامة آان هن    .٣ ات نتيجة المعامل وب النب ًا فى محصول حب اك نقصًا معنوي

د و           %  ٢٣٫٤جاما مقداره    ري الجي %  ٧٫٩عبر آل التراآيب الوراثية المشععة تحت ال

ر المشععة                ة غي ة بالتراآيب الوراثي ائي مقارن اد الم ى العكس    . تحت ظروف االجه وعل

ام حتى الطرد           اد وعدم      سبب االشعاع زيادات معنوية فى عدد األي  تحت آال من االجه

ضج وع   ى الن وك وحت روج المت ى خ ام حت دد االي ائي، وع اد الم سنابل تحت الدد االجه

ان سخا               . االجهاد المائي فقط    ر حساسية لإلشعاع آ وراثي األآث سبة   ٦١الترآيب ال  بالن

ى العكس الترآيب           ات وعل وب النب ا          لمحصول حب ل حساسية لإلشعاع آ وراثي األق ن  ال

 .٤سدس 

ـ                   أظهر .٤ ات أوسع مدى فى خلطات ال نابل النب  ت صفتي محصول حبوب النبات وعدد س

M2    ائي اد الم دم االجه اد وع روف االجه ن ظ ال م ى آ دى  .  ف ع م صول M2أوس  لمح

وط       ) المشعع ( ٤الحبوب ظهر بواسطة سدس      ساللة مري وع بال تحت  ) المشععة  ( ٥متب

اين مظهري        آذلك  . آال البيئيتين  يم معامل تب ي  (PCV) أعلى ق اين   (GCV) ووراث  وتب

رى   δ2مظه
p  ى δ2و وراث

g        نابل دد س ات وع وب النب صول حب طة مح رت بواس ظه

اد                  ٤الصنف المشعع سدس    . النبات اين مظهري تحت آال من االجه يم تب ى ق  سجل أعل

وعدم االجهاد المائي وأعلى قيم تباين وراثي تحت عدم االجهاد بالنسبة لخمس من عشر             

وط     التراآيب الوراثية . صفات اءوا           ٩٣ وسخا    ٥ المشععة مري ين ج  تحت آال من البيئت

ة ة الثاني ى المرتب تحداث . ف تجابة الس ر اس ا األآث ن اعتباره ة يمك ب الوراثي ذه التراآي ه



 ٣

ات  ذلك أخذت ب  . النب ى        آ ام من الزراعة حت ى عدد األي ة عل ة التجريبي ات من آامل القطع يان

  .الطرد، عدد األيام حتى بروز المتوك، وعدد األيام حتى النضج الفسيولوجي

رق      ل ف ار أق تخدم اختب صائي المناسب واس ل اإلح ارب للتحلي ل التج ات آ عرضت بيان

رى رب الجيل بالنسبة لتجا.  لتأآيد الفروق بين المتوسطات(LSD)معنوي   اني  الطف  )M2( الث

 تقدير معامالت التباين المظهري والوراثي والتباينات المظهرية والوراثية وآفاءة التوريث            تم

ين ازواج          سيطة ب ات الب اب واالرتباط ع باالنتخ وراثي المتوق سين ال ع والتح المعنى الواس ب

  .الصفات تحت الدراسة

ل جر      التكاملية، ع  F1   ، F2بالنسبة لتجارب هجن       وذج    جيفنرضت البيانات لتحلي  )١( النم

تالف              ) ٢(الطريقة   ى االئ ة والخاصة عل درة العام أثيرات الق ات وت درت    .  لتقدير تباين ذلك ق آ

ام والخاص والتحسين  المعنى الع اءة التوريث ب سيادة، آف ة ال وراثي، درج اين ال ات التب مكون

ي         استخدمت بيانات تجارب تقيي   . الوراثي المتوقع باالنتخاب   دير التحسين الفعل ات لتق م المنتخب

%  ١٥ منتخب والتي تتفوق على آبائها تحت االجهاد المالي بـ  ١٢من االنتخاب وتحديد أحسن     

رات و   ٧(هذه المنتخبات   . على األقل  ل ال     )  انعزاالت  ٥ طف  فى المعمل     SSRـ  عرضت لتحلي

ده لتحمل      ولتحديد   DNA لتأآيد اختالفاتها الوراثية عن آبائها على مستوى الـ        الواسمات الفري

  .الجفاف فى قمح الخبز

   :ويمكن تلخيص النتائج آما يلي

  اختبار الحساسية االشعاعية لسبعة تراآيب وراثة من القمح  -١

وحظ ان جر ا عل عاع جام ن   ٣٥٠ة إش راوح م ادرات ت ول الب ى ط صًا ف ببت نق راي س  ج

زة     %  ٤٨٫٧ إلى   ٥فى مريوط   %  ٢٨٫٤ دره      ١٦٨فى جي ر آل    %  ٣٨٫٢ بمتوسط ق عب

سبب بالجرعات        . التراآيب الوراثية  و المت ك ، نقص النم ان  ارج  ٤٥٠ ، ٤٠٠ومع ذل ي آ

 جراي   ٣٥٠، على التوالي طبقًا لذلك تم انتخاب الجرعة           % ٥٦٫١  ،   ٤٥٫٥فى المتوسط   

رات    تحداث طف ة الس ة آمحاول ح تحت الدراس ن القم سبعة م ة ال ب الوراثي شعيع التراآي لت

 .جينية نافعة
  

  



 ٢

ى       . المناسبة الستحداث طفرات نافعة    اء األول ابقاً       ( استعملت الستة آب ذآورة س سبعة الم ) من ال

ة   ة الممكن ن التكاملي ل الهج سية( لعم دون العك م ) ب ى الموس م  . ٢٠٠٩ / ٢٠٠٨ف ى موس وف

سبعة فى ال        ٢٠١٠ / ٢٠٠٩ ل األول     زرعت نباتات الخلطات ال رى جي ذور     M1 الطف اج ب  إلنت

ـ    .M2 الثاني   الطفرىخلطاتها المقابلة للجيل     ذور ال  من آل من    F1 فى نفس الموسم زرعت ب

 هجين مع آبائها الستة فى الحقل تحت ظروف الري الجيدة فى تصميم القطاعات الكاملة  ١٥الـ

  .جين على حده لكل هF2ـ عند الحصاد حصدت بذور ال. العشوائية ذو الثالث مكررات

اء    ٧ و M2 خلطات    ٧، زرعت    ٢٠١٠/٢٠١١فى موسم      دخل  ١٤( آب يم      )  م ة تقي فى تجرب

حقلية تحت ظروف االجهاد وعدم االجهاد المائي فى تصميم القطع المنشقة بتوزيع القطاعات          

ري            . الكاملة العشوائية ذو الثالث مكررات     سية لنظامين من ال اد  ( خصصت القطع الرئي اجه

د    ( معاملتي الري   . ياث ترآيب ور  ١٤والقطع المنشقة للـ  ) مائيوعدم اجهاد    دأت بع  ٢١التي ب

وم   ١٥والري آل   ) عدم اجهاد (  أيام   ٥هما الري آل    ) يوم من الزراعة   ائي  ( ي اد م  حيث  )إجه

ـ                   أن تربة الموقع رملية    د ب ري المجه اه فى ال اه المعط ة المي درت آمي ك    %  ٧٠ حيث ق من تل

يم             ).  عدم االجهاد  (المعطاة فى الري الجيد      ة أخرى لتقي يم حقلي ة تقي  هجين   ١٥صممت تجرب

ستة        F2 فى الـ  ا ال شقة بترتيب                )  مدخل  ٢١( مع آبائه فى نفس الموسم فى تصميم القطع المن

ة العشوائية فى      ري      ٣القطاعات الكامل سية لنظامي ال ررات حيث خصصت القطع الرئي  مك

ـ   ) االجهاد وعدم االجهاد  ( ي    ٢١والقطع المنشقة لل ة        .  ترآيب وراث ري والقطع التجريبي نظم ال

ضًا إجراء االنتخاب         . آانت مشابهة لتلك المستخدمة فى التجربة السابقة       ذا الموسم أي م فى ه ت

ـ  M2ـ  فى عشائر ال     ائي                 F2  وال اد الم اد وعدم االجه  ١٦٢م انتخاب    ت (  تحت آال من االجه

ات  وح  ى حدة  صدنب ا عل ذور آل منه م ) ت ب ى موس ة  ٢٠١١/٢٠١٢ف ة حقلي  صممت تجرب

يم  ي١٦٢لتقي ب وراث ي ال  منتخب ترآي صميم التجريب ان الت سبعة آ ا ال ع آبائه و  م ستخدم ه م

التوزيع شقة ب زن القطع المن شبكي المت ررات) ١٣ × ١٣( ال الث مك ى ث خصصت القطع . ف

  . ترآيب وراثي١٦٩والقطع المنشقة للـ) آما فى التجارب السابقة( الرئيسية لنظامي الري 

ى ت    ات عل ذ بيان ات١٠م أخ ـ  نبات ن ال ذلك F1 م ا وآ ـ٢٧ وابائه ن ال ـ  M2   م  F2  و ال

اع             وابائهم   صفات ارتف ة ل ة تجريبي سنبلة، عدد          مأخوذة عشوائيًا من آل قطع ات، طول ال  النب

سنبلة، وزن ال          سنابل وب          ١٠٠ـ   النبات، عدد الحبوب فى ال سنبلة ومحصول حب ة، وزن ال  حب



 ١

  الملخص العربي 

  تحسين القمح لتحمل الجفاف باستخدام طرق التربية بالتهجين والطفرات 

تحمل الجفاف فى القمح هو قدرة صنف ما على أن يظل نسبيًا أآثر انتاجية من األصناف                  

اه       ة المي ة قمح       . األخرى تحت ظروف محدودي امج تربي دء برن ز  لب مل  تح مناسب لتحسين       خب

شائر  إن الع اف، ف وراثي الجف اين ال ن التب ر م در آبي ك ق إن . المصدر يجب أن تمتل لألسف ف

ساللة           ة ذات ال ا يمكن عزل             أاصناف القمح الحديثة عالية اإلنتاجي ادرًا م ة ، ن سالالت النقي وال

د فى عشائر القمح يمكن        . ترآيب وراثي جديد منها باالنتخاب     ي جدي ان استحداث تباين وراث

ال  ة ب رق التربي طة ط تم بواس ال/ طفرات و ان ي تم  . هجينتأو ب ن ان ي رات يمك تحداث الطف اس

ة ة أو آيماوي رة فيزيائي ل مطف يع . بواسطة عوام ى توس ة ف رات آانت فعال ا آمطف عة جام أش

ى  ات ف و النبات اعد مرب ا س وب مم سبة لمحصول الحب ى أصناف القمح بالن وراثي ف اين ال التب

اني  ري الث ل الطف ى الجي ال ف ق انتخاب فع ة واألM2تطبي ال التالي إن . جي ك ف ر من ذل واألآث

اين                      دة، أي الستحداث تب ة جدي تنباط اتحادات وراثي ة األساسية الس ة التربي التهجين هو طريق

  . وراثي فى القمح والذي منه يمكن انتخاب توليفات جديدة من الجينات

اءة التوريث و           )  ١ :(هداف الدراسة الحالية هي   أآانت     اين ، آف ات التب دير مكون دم  تق التق

اني    F1الوراثي المتوقع باالنتخاب من تحليالت الهجن التكاملية فى الجيل األول             ومن   F2 والث

ل     رى عشائر الجي سبعة أصناف وسالالت قمح          الطف اني ل ز   الث ا تحت         خب  مشععة بأشعة جام

ة و ا ال اتطفرال(ات منتخبالتقييم ) ٢(د المائي؛ ظروف االجهاد وعدم االجها   زاال المحتمل  تنع

دم الحقيقي من االنتخاب،              )  الحدود ةتجاوزمال دير التق اف وتق ا للجف فى الحقل من حيث تحمله

ل   DNAمنتخبة على مستوى الحمض النووي ال تسالالالتوصيف أحسن   ) ٣(  بواسطة تحلي

  .(SSR)تكرارات التتابعات البسيطة 

سم ال                ة ومعامل ق ة  ال بحوث أجريت التجارب فى المزرعة التجريبي  البحوث    لمرآز  نباتي

ن  سنوات م ى ال شاص ف ة بإن ى ٢٠٠٩ / ٢٠٠٨النووي وب . ٢٠١١/٢٠١٢ حت ة حب م معامل ت

 ٥ ، أصيل ٥ – ، الساللة مريوط ٦١خا  ، س٤سدس( وسالالت من قمح الخبز سبعة أصناف 

ا          ) ١ وساحل  ١٦٨ ، جيزة    ٩٣، سخا    سع جرعات من أشعة جام  ، ١٥٠ ، ١٠٠صفر ،  ( بت

فى تجربة أولية لتحديد جرعة االشعاع       )  جراي   ٤٥٠،   ٤٠٠ ،   ٣٥٠ ،   ٣٠٠ ،   ٢٥٠ ،   ٢٠٠



 



  الدآتوراه: الدرجة                               خالد فؤاد العزب : أسم الطالــــــب 
  

  تحسين القمح لتحمل الجفاف باستخدام طرق التربية بالتهجين والطفرات :عنوان الرسالة 
  

  رأحمد مدحت محمد النجا :  دآتور: المشرفـــــــون 
   عطا محمد محمدمدمح :ر دآتو                       

  صبيح السيد سليمان صبيح: دآتور                        
   ٢٠١٣:  /    /  تاريخ منح الدرجة                           المحاصيل                           : قسم 

                                           المستخلص العربي
تخدمت            اف اس ة للجف ز متحمل ح الخب ن قم ه م ب وراثي تنباط تراآي ة الس ى محاول ف

دة           ة جدي ات وراثي ه التهجين الستحداث تباين ذ   . طريقتان األولى التربية بالطفرات والثاني م تنفي ت
ى    ٢٠٠٨/٢٠٠٩أربع تجارب حقلية وتجربتان معمليتان خالل المواسم من          . ٢٠١١/٢٠١٢ حت

ة          ٣٥٠ Gyلجرعة  أثبتت تجربة مبدئية أن ا      من أشعة جاما هى األنسب الستحداث طفرات نافع
لهذه التراآيب أظهرت    ) M2(عشائر الجيل الثانى الطفرى     . فى سبعة تراآيب وراثية من القمح     

صفات                   اءة التوريث لل وراثى وآف اين المظهرى وال فروقًا من حيث مقدار المدى ومعامالت التب
ا            ائى      تحت الدراسة تحت آال من ظروف االجه اد الم ع من        . د وعدم االجه ى تحسين متوق أعل

دس  صنف س طة ال ر بواس ات ظه وب النب صول حب اب لمح شعع (٤-االنتخ خا) الم  ٦١-وس
د وأصيل      ) المشعع( تحت ظروف    ) المشعع  (٤-و سدس  ) المشعع  (٥-تحت ظروف الرى الجي

ائى  اد الم د.االجه ذه التراآيب   أثبتت وق ته من ه ين س ة ب يالت الهجن الدائري ى  تحل ة ف الوراثي
ـ        F1تسيد التباين غير المضيف فى الـ       ) F2(والثانى  ) F1(الجيل األول     والتباين المضيف فى ال

F2       التحسين  .  تحت آال من ظروف االجهاد وعدم االجهاد المائى لمعظم الصفات تحت الدراسة
دم بالنسبه لمحصول الحبوب تحت ع      %) ٢٣٫٤( وصل أقصاه    F2المتوقع من االنتخاب فى الـ      

اد       % ١٤٫٣االجهاد و    الى    . بالنسبه لطول السنبله تحت ظروف االجه االنتخاب للمحصول الع
ـ     شائر ال ى ع ه ف م تطبيق رى ت ة األخ صفات المرغوب ـ M2وال روف  F2 وال ن ظ ال م  تحت آ

ـ  ١٠٩ و M3 عائلة فى الـ     ٥٣(أنسال هذه المنتخبات    . االجهاد وعدم االجهاد المائى     عائلة فى ال
 F3 (ائى               وآبائه اد الم اد وعدم االجه االنتخاب  . ا السبعه تم تقييمها تحت آال من ظروف االجه

يم             د تقي ائى عن اد الم دم االجه ت ع اب تح ن االنتخ اءة م ر آف ان أآث ائى آ اد الم ت االجه تح
ل الثالث        . المنتخبات تحت االجهاد المائى     وخمس  M3سبع عائالت   (اثنى عشر عائلة فى الجي

تحت ظروف االجهاد المائى  % ١٥ معنويًا عن آبائها على األقل بـ زاد محصولها) F3عائالت 
ـ          DNAوالتى اعتبرت متحملة للجفاف تم توصيفها بالنسبه للصفات الزراعية وعلى مستوى ال

ـ  .  ل ال ت تحلي ائالت  SSRأثب ذه الع ـ ( أن ه اين    ) ١٢ال ط تب ا بمتوس ن آبائه ًا ع ة وراثي مختلف
polymorphismدره م %. ٨٦٫٦٧  ق ده  وت مات فري بع واس ى س رف عل ه ، ٥( التع  ٢ موجب

البة اف     ) س ة للجف ة متحمل ب وراثي ه تراآي يلSF3 ،SF4(لثالث ية  ٥ وأص ت التوص  وتم
  .باستخدامها فى برامج التربية لالنتخاب لتحمل الجفاف فى القمح

  
ا    -انعزاالت متجاوزة الحدود      - طفرات – أشعة جاما  -قمح   :آلمات دالة    - ب التحسين باالنتخ

    SSR تحليل الـ - فعل الجين - تحمل الجفاف

  

  
  



 



  
  

 تحسين القمح لتحمل الجفاف باستخدام طرق 
   والطفرات التربية بالتهجين

  
  
  
  

  رسالة دآتوراه الفلسفة 
  في العلوم الزراعية 

  ) محاصيل(
  

  مقدمة من
  
  
  

  خالد فؤاد العزب
 ٢٠٠٠ اإلسكندرية،جامعة  - )سابا باشا( آلية الزراعة -) زراعة جافة (العلوم الزراعية فى بكالوريوس

  ٢٠٠٧ لقاهرة ، جامعة ا-  آلية الزراعة،)محاصيل(ماجستير فى العلوم الزراعية 
  
  
  

  اإلشراف لجنة
  
  
  

  أحمد مدحت محمد النجار/ دآتور
   جامعة القاهرة– آلية الزراعة –المحاصيل  أستاذ

  
  

  محمد محمد عطا محمد/ دآتور
  جامعة القاهرة–آلية الزراعة  –  المساعدالمحاصيلأستاذ 

 
 

  صبيح  صبيح السيد سليمان/ دآتور
  ريةذ هيئة الطاقة ال–البحوث النووية  مرآز  - المحاصيل ذأستا

  
  
  



 



  
 تحسين القمح لتحمل الجفاف باستخدام طرق 

   والطفرات التربية بالتهجين
  
  
  
  

  رسالة دآتوراه الفلسفة 
  اعية في العلوم الزر

  ) محاصيل(
  

  مقدمة من
  
  
  

  خالد فؤاد العزب
 ٢٠٠٠اإلسكندرية، جامعة  - آلية الزراعة سابا باشا -) زراعة جافة (العلوم الزراعية فى بكالوريوس

  ٢٠٠٧ لقاهرة ، جامعة ا، آلية الزراعة،)محاصيل(ماجستير فى العلوم الزراعية 
  
  
  

  لجنة الحكم
  

  ...............................................................................آمال عبد العزيز الشوني  /دآتور
  جامعة عين شمس ، آلية الزراعة،أستاذ المحاصيل

  
  

  ...................................................................................محمد رضا علي شبانه/ دآتور 
   جامعة القاهرة،لزراعةآلية ا، أستاذ المحاصيل

  
  

  ..............................................................................أحمد مدحت محمد النجار/ دآتور 
   جامعة القاهرة، آلية الزراعة،أستاذ المحاصيل

  
  ....................................................................................محمد محمد عطا محمد/ دآتور
   جامعة القاهرة–آلية الزراعة  –  المساعدالمحاصيلأستاذ 

  
                                                                           

  ٢٠١٣/   / خ   التاري  



 



 تحسين القمح لتحمل الجفاف باستخدام طرق 
   والطفرات التربية بالتهجين

  
  
  
  
  

  رسالة مقدمة من
  
   

  
  

  خالد فؤاد العزب
 ٢٠٠٠ ،اإلسكندريةجامعة  - )سابا باشا(آلية الزراعة  - )زراعة جافة (العلوم الزراعية فى بكالوريوس

 ٢٠٠٧ لقاهرة ،ة ا جامع، آلية الزراعة،)محاصيل(ماجستير فى العلوم الزراعية 
  
  
  

  دآتوراه الفلسفة 
  
  
  في
  

  العلوم الزراعية
  )محاصيل(

  
  

  ــــلــم المحاصيـــقس
  ــةـــة الزراعــآلي

  جامعة القاهرة
  رـــــــمص

  
  
  

٢٠١٣  
  
  

  




