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ABSTRACT  

Five barley genotypes with wide range reaction for water stress tolerance were used in the 
present investigation using half diallel analysis. This study tried to solve drought stress problem in 
some Egyptian barley genotypes by estimating the previous five barley entries beside their ten F1 
hybrids under the control treatment and water deficit conditions in the farm of (Nubaria, Beheira 
governorate). Eight traits under the two treatments of irrigation were determined and inter simple 
sequence repeat (ISSR) analysis were used to study the effect of water stress. Results obtained from 
the previous parameters revealed that the accessions; (P1, P2, P3, P1 X P2, P1 X P3, P2 X P3, P3 X 
P4 and P3 X P5) were recorded the highest mean values for all studied traits under all conditions and 
the crosses; (P1 X P2, P1 X P3, P2 X P3, P3 X P4 and P3 X P5) detected highly significantly 
positively results for heterosis over better-parent and specific combining ability effects under the same 
treatments. While that, the parents number (1, 2 and 3) exhibited significant and highly significant 
positively results for GCA effects in most calculated traits under both types of irrigation. After 
estimating additive and dominance variance from the calculated data of (ANOVA analysis) for half 
diallel analysis, we exhibited that the results of heritability in broad sense of all estimated traits were 
higher than 99.50% or nearing to 100% under both types of irrigation, but the results of heritability in 
narrow sense were showed moderately form and lower than 50% for all calculated traits under the 
control case beside water deficit treatment which indicated that additive variance was medium effect 
for controlling and inheritance the previous traits for water stress resistance under both experiments. 
ISSR-PCR technique was used to detect some molecular markers associated with drought tolerance. 
Ten ISSR primers were used and revealed 25% polymorphism. The successful primers generated 48 
bands, which could be used as molecular markers in barley breeding programs for drought tolerance.  
 
Keywords: Barley, water deficit, half diallel, tolerance indices and ISSR markers.  

 
Introduction 

Barley (Hordeum vulgare L.) is a very important food crop because it provides a vital source of 
energy for humans, animals and birds. It is also involved in the production of bread individually or 
after mixing with wheat flour and also enters in industry of mullet, beer and other food industries that 
are important to mankind. Barley ranks as a fourth grain yield, it growing in the belt of the valley and 
the delta beside other cultivated areas in Egypt. The average productivity of faddan reaches to 1.68 - 
2.16 ton per faddan. However, if the land is damaged by salinity, water poverty and other 
environmental problems, the productivity in this case decreases to 1.2-1.44 ton per faddan. These 
environmental challenges can be mentioned and talked about in an attempt to avoid or eliminate their 
effects increasing in the level of salinity in the soil or irrigation water is coming at the forefront of 
these challenges, followed by the problem of water deficit conditions or water poverty in the Nile 
Valley and Delta. Generally drought stress arises when the water shortage occurred and atmospheric 
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conditions cause unceasing loss of water by evaporation. Hence, water deficit is global issue to ensure 
survival of agricultural crops and food production (Nakayama et al., 2007). Drought stress of yield 
production traits beside physiological attributes of barley genotypes were assessed, the results 
confirmed that water stress treatment was played the biggest role for decreasing chlorophyll content in 
barley genotypes compared with the control, (Mamnouie et al., 2006), (El-Seidy et al., 2012) and in 
other crops. Wang et al. (2018) studied the impact of water stress on photosynthesis and chlorophyll 
fluorescence visualizes of soybean leaves. Madhukar et al. (2018) revealed the effect of water stress 
on two barley hybrids through 6 generations within reckoning of generation average analysis for the 
two treatments of irrigation for grain yield and water stress associated characters. Recently, Behboudi 
et al. (2018) showed the impact of various levels of chitosan Nanoparticles on some traits related to 
production of barley entries under overdue feast water stress. Dbira et al. (2018) estimated the 
resistance for water deficit conditions in 9 entries of “Ardhaoui of barley lines performed from 
various areas of Tunisia. The results indicated that highly genetic diversity was observed between the 
previous barley entries using six SSR markers, while no significantly correlated was revealed among 
genetic distance and geographical region and approaches number two performed from El May Island 
which was not recorded a big score for resistance of water deficit conditions beside the highest level 
of proline content in barley entries under stress was not relationship with highly tolerance for water 
stress. Drought tolerance breeding via common methods to evaluate the proficiently of genotypes was 
complex because the absence of comprehensive information about the genetic mechanism of drought 
tolerance and grain yield under water stress conditions (Ashraf 2010 and Mitra 2001). 

PCR-based genetic assay namely inter simple sequence repeat (ISSR) used in study either 
genetic diversity and cultivar identification (Brantestem et al., 2004; Mustafa et al., 2016 and 
Kianoosh et al., 2017) or Abiotic stress in barley, such as salt (Khatab and Mareiy 2013) and drought 
(Akladious and Abbas 2014). This procedure detects nucleotide sequence polymorphisms in DNA by 
using a single primer. The present study aims to study relative importance of some physiological 
characters on five barley genotypes and their F1 hybrids to drought tolerant, beside establish specific 
molecular markers associated with water deficit tolerance using ISSR-PCR in the previous five barley 
parents and the best five crosses depending on the calculated data of all studied traits under normal 
and water stress conditions to facilitate breeding of cultivars more tolerant to drought tolerance in 
barley. 

 
Materials and Methods 

The present investigation was carried out during the period from the half of February 2017 to 
the first of May 2018 in the farm of national research centre in (Nubaria, Beheira governorate) and 
(Genetics and Cytology Department, Genetic Engineering and Biotechnology Division, National 
Research Centre, Dokki, Giza, Egypt), (Department of Genetics, Faculty of Agriculture, Kafrelsheikh 
University) and (Agriculture research centre) using five barley accessions and their ten F1 hybrids for 
studying water stress tolerance for the previous germplasm by testing it under the control treatment 
beside water deficit experiment, respectively. The five entries of barley were grown in a randomized 
complete block design through three planting dates with ten days interval in order to overcome the 
differences in flowering time between these entries for crossing in the farm of national research centre 
(Nubaria, Beheira governorate) in 15 February 2017 to produce F1 hybrids using half diallel analysis 
without reciprocals. All genotypes (Parents and their ten F1 hybrids) were grown under two 
experiments of irrigation (the control treatment and water stress experiment) with three replicates for 
each treatment of irrigation in the farm of national research center in (Nubaria, Beheira governorate) 
in the period from the first of December 2017 to the first of May 2018, respectively. The first 
irrigation treatment (control experiment) was irrigated two times after planting irrigation and the time 
period between each two irrigates was one month, while the second treatment (water deficit 
conditions) was given planting irrigation only until harvesting and the preceding crop was cotton. 

Number of grains/spike, 1000-grain weight, grain yield/plant, maximum root length, in 
addition, some chemical traits such as.,  proline, glycine betaine and trehalose contents beside osmotic 
adjustment trait were the most important traits under studying for the normal and water deficit 
conditions, respectively. Proline content was determined according to Chinard (1952) and modified 
method by Bates et al. (1973), while glycine betaine and trehalose contents were estimated according 
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to Grieve & Gratten (1983) and Ferreira et al. (1997), respectively. The experimental plot area was 75 
m2 (10m length & 7.5 width). 

All calculated date performed from the studied traits under the two experiments were analyzed 
using half diallel analysis by  Griffing (1956) mode 1, method 2 for estimating heterosis over better-
parent, general and specific combining ability effects, respectively. 
Note: - The two experiments of irrigation were isolated from each other and isolation distance was ten 
meters between the two treatments of irrigation to prevent nominated water from the control 
experiment to water deficit treatment. The first three entries of barley were performed from 
(ICARDA), while the rest two genotypes were Egyptian barley cultivars performed from Agriculture 
Research Centre, Field Crops Research, Barley Research Department, Egypt. 
 
Table 1: The pedigree and reaction for water stress Tolerance in the five barley entries. 

Reaction for water stress Tolerance Origin Lines Name 
Tolerance ICARDA Line(1) 
Tolerance ICARDA Line(2) 
Tolerance ICARDA Line(3) 
Moderate Egypt Giza 133 
Moderate Egypt Giza 135 

 
Estimation of tolerance indices:- 

All tolerance indices were estimated according to Fischer and Maurrer (1978), Bouslama and 
Schapaugh (1984), Lin et al. (1986),   Hossian et al. (1990), Fernandez (1992), Gavuzzi et al. (1997) 
and Golestani and Assad (1998). 
 

Estimates of Genetic components:- 
The relative importance (RI) of general and specific combining abilities on progeny 

performance (i.e., the ratio between additives vs. total genetic variance components) was estimated 
according to (Betran et al. 2003). Broad-sense heritability H2 (B.S) = (VG/VP), narrow-sense 
heritability H2 (N.S) = (VA/VP) and were estimated according to Falconar& Mackey (1996), G.C.V 
% = G.V/Mean X 100, P.C.V % = Ph.V/Mean X 100. 

 

Molecular Markers:- 
 

DNA isolation and PCR amplification:- 
 DNA was extracted using CTAB method from fresh barley leaves of (five parents and the best 

selected five F1 crosses) based on the results of all studied traits under both types of irrigation 
according to Doyle and Doyle (1990) and these crosses were; H1: (P1 X P2), H2: (P1 X P3), H3: (P2 
X P3), H4: (P3 X P4) and H5: (P3 X P5), respectively. Ten ISSR- PCR primers were used as shown 
in Table 2.  PCR cycling was carried out as the following program, one cycle at 95 °C for 5 min., and 
then 35 cycles were performed as follows: 1 min. at 94 °C for denaturation, 1 min. at 36°C for 
annealing and 1.45 min. at 72 °C for extension. Reaction was incubated at 72°C for 7 min. The PCR 
products were separated by electrophoresis using 1.2% agarose gel in 1 x TAE buffer against 100 bp 
DNA Ladder as a size marker. Bands were detected with RED SAFE staining and documented on Gel 
Documentation UVITEC, UK. 
 

Table 2: List of multiplexing sets of the used ISSR primers. 
No. Primer name Primer sequence 5 ˉ -----------3ˉ 
1 UBC 807 (AG)8 T 
2 UBC-810 (GA)8T 

3 UBC-812 (GA)8A 

4 UBC-814 (CT)8A 
5 UBC-815 (CT)8G 
6 UBC-822 (TC)8A 
7 HB 8 (GA)6 GG 
8 HB13 (GAG)3 GC 
9 HB14 (CTC)3 GC 
10 HB15 GTG) 3GC 
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Data Analysis:- 
 Amplification profiles for the used ten barley genotypes as a result of ISSR application were 

compared with each other and DNA fragments were scored as a binary data, where (1) means 
presence and (0) means absence. The data were used to assessment genetic similarity (Neighbor 
Joining (NG) method) according to Saitou and Nei (1987) on the basis of number of shared 
amplification products and this formula also used for phylogenetic tree (cluster analysis). The patterns 
of the banding patterns of each primer which produced by ISSR were chosen for analysis. Pairwise 
comparisons between individuals using PAST program, (Hammer et al. 2001). 
 
Abbreviations:- 

No of F.G/S:-Number of filled grains/spike, 1000-G.W:- 1000-Grain Weight, G.Y/P: - Grain 
Yield/Plant, M.R.L:- Maximum Root Length, Pro.Co:- Proline Content, Tre.Co:- Trehalose content, 
Gly.co:- Glycine betaine content and OS.adj:- Osmotic adjustment, CT:- Control Treatment, DT:- 
Drought Treatment, RI = 1/2 δ2GCA / (1/2 δ2GCA + δ2SCA) * 100 , H2 (N.S) = 1/2 δ2GCA / (1/2 
δ2GCA + δ2SCA+ δe)*100 and H2 (B.S) = (1/2 δ2GCA+ δ2SCA ) / (1/2 δ2GCA + δ2SCA+ δ2e)*100 , 
G.C.V % = G.V/Mean X 100 ,  P.C.V % = P.V/Mean X 100, LSD at 5%:- Least significant difference 
at 5%, LSD at 1%:- Least significant difference at 1%, *:- Significant at 5%, **:- Significant at 1%, 
GYP: mean yield under normal conditions, GYD: mean yield under drought conditions, YSI: Yield 
stability index, YI: Yield index, GMP: - geometrical mean productivity, YI: yield index, DTI: drought 
tolerance index, MP: mean productivity, Yr: yield reduction ratio, DSI: drought susceptibility index.                                                                
 
Results and Discussion 
 
Mean performance:- 

The data obtained in table (3) revealed that the most genotypes recorded the highest mean 
values for the traits; (number of filled grains/spike, 1000-grain weight, grain yield/plant, maximum 
root length, proline, glycine betaine and trehalose contents) under the two conditions were (P1, P2, 
P3, P1 X P2, P1 X P3, P2 X P3, P3 X P4 and P3 X P5), wherever the previous genotypes were 
exhibited the lowest data for osmotic adjustment trait under normal and drought treatments. These 
results indicated that the recent genotypes were highly tolerance for water deficit conditions because 
they decreased the level of damage of yield and its components under stress treatment compared with 
the control experiment in addition, they had deeply maximum root length under water stress 
conditions compared with the normal irrigation to reach to storage water during the time of water 
stress to keep with the energy responsible for germination, growth and the rest of all metabolism 
processes which conflicts on the average of yield production, respectively. On the same direction the 
chemical components estimated namely; (proline, glycine betaine and trehalose contents) were high in 
the previous promising entries and increased for the case of stress compared with the control 
treatment which confirmed that these genotypes were highly resistance for water deficit conditions 
because the chemical components mentioned above were related with highly tolerance for salinity and 
drought stresses in plants. Finally, the genotypes; (P1, P2, P3, P1 X P2, P1 X P3, P2 X P3, P3 X P4 
and P3 X P5) succeed for decreasing high level of osmotic pressure through convert it to the 
minimum limit and development it under stress through change it for low osmotic adjustment which 
keeping with normal limit of water in cells during metabolism processes and induction balance case 
between the water inside cell and outside it (the water inside higher than outside). Similar results were 
agreement with those reported by authors (El-Mouhamady et al., 2014a ; El-Mouhamady et al., 2014b 
; Kosová et al., 2014 ; Asifa et al., 2015 ; Eldessouky et al., 2016 ; Ramadan et al., 2016 ; Khatab et 
al., 2017 ; Madhukar et al., 2018 ; Behboudi et al., 2018  ; Belachew et al., 2018 and Samar et al., 
2018). 

In the framework of the previous study, one of the most important objectives was to evaluate a 
group of barley accessions to face most risks specifically water stress because water shortage is one of 
the biggest strategic national problems affecting the Middle East especially, Egypt. This problem was 
came after the completion of the construction of the Ethiopian Renaissance Dam. The following 
entries; (P1, P2, P3, P1 X P2, P1 X P3, P2 X P3, P3 X P4 and P3 X P5)  have already succeeded in 
significantly form for drawing a clear mechanism for barley genotypes tolerance and resistance for 
water deficit conditions. This success was achieved after evaluating and testing the previously studied 
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Table 3: Mean performances of all entries (five parents and their ten F1 crosses) for all studied traits in barley genotypes under normal irrigation and water deficit conditions. 

OS. Adj Gly. Co Tre. Co Pro. Co M.R.L G.Y/P 1000-G.W 
No. of. F.G/S 

 
Entries 

CT 
DT 

DT CT DT CT DT CT DT CT DT CT DT CT DT CT 

0.78 65.60 61.75 67.83 61.38 52.16 40.22 39.88 46.83 49.40 55.17 40.74 44.37 39.18 44.63 P1 

0.64 64.18 59.53 57.40 48.66 45.89 39.58 44.47 51.22 41.18 49.78 45.33 51.67 48.13 52.08 P2 

0.59 52.36 48.23 66.38 58.27 55.0 48.0 45.83 48.78 51.33 54.0 43.65 47.28 41.30 46.73 P3 

1.19 15.62 23.14 32.14 41.29 34.07 32.47 28.55 33.93 25.89 37.21 32.07 37.37 31.22 38.86 P4 

1.15 17.37 28.41 27.62 35.48 33.58 28.28 32.60 38.45 33.50 42.66 27.12 31.47 29.45 36.14 P5 

0.32 82.34 71.36 109.24 88.57 68.40 55.86 58.37 62.42 52.69 58.26 51.37 60.0 55.95 68.41 P1 X P2 

0.42 111.32 89.03 83.50 75.63 64.28 61.38 55.57 67.80 55.0 60.35 57.37 64.88 65.76 70.43 P1 X P3 

1.53 10.35 18.29 17.34 22.16 33.17 31.0 22.05 29.70 22.04 35.55 24.37 29.76 28.56 36.05 P1 X P4 

1.27 16.05 25.19 21.55 30.07 27.58 24.42 24.77 30.16 28.77 39.0 19.26 22.40 26.48 34.23 P1 X P5 

0.26 94.26 78.47 105.77 91.83 63.88 59.38 55.70 60.38 56.70 61.18 53.16 58.07 69.50 77.27 P2 X P3 

1.76 12.32 22.75 18.48 25.18 29.65 26.31 23.67 29.35 20.30 35.43 26.37 32.48 25.13 37.63 P2 X P4 

1.54 7.53 19.80 12.33 20.16 25.07 22.13 27.66 34.22 21.07 34.57 21.83 27.07 32.73 36.08 P2 X P5 

0.32 70.04 64.22 87.26 74.43 88.14 73.28 62.30 69.48 53.54 57.88 48.37 52.0 71.68 75.33 P3 X P4 

0.18 77.44 57.11 85.92 69.48 79.42 71.66 51.18 58.96 55.34 62.04 56.42 65.37 54.86 59.15 P3 X P5 

1.38 13.02 22.17 14.37 30.16 24.80 18.36 25.38 30.04 19.32 31.79 25.62 30.09 24.64 31.48 P4 X P5 

1.28 1.13 1.34 1.17 0.53 1.77 1.18 1.72 1.95 0.97 0.43 1.50 1.83 1.06 1.09 LSD at 0.05 

1.86 1.64 1.95 1.71 0.78 2.57 1.72 2.50 2.82 1.41 0.62 2.18 2.66 1.54 1.53 LSD at 0.01 
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traits especially, yield and its components. These genotypes achieved the highest rate of yield and its 
components under drought conditions compared to the control case and this success was reflected on 
highly productivity beside also its success in deepening the root system especially maximum root 
length to reach to storing water in deep layers of soil during water stress time and the formation of a 
group organic chemical compounds as evidence for resistance and tolerance of this dangerous 
environmental stress such as proline, glycine betaine and terehalose contents where the proportions 
limit of these components in barley leaves for the previous superior accessions were very high unlike 
normal irrigation. 

 
Variation and interaction:- 
 Results presented in table (4) showed that mean squares of all traits under studying of barley 
entries were exhibited highly significant variances under the two treatments of irrigation and the same 
results were revealed for the mean squares of GCA and SCA effects for the same characters under the 
previous treatments. The data confirmed that the ratio of GCA/SCA was recorded results less than 
(one) for all traits under investigating for normal and water deficit conditions. This meaning that non-
additive gene action and its interaction were highly effective for controlling and inheriting the 
previous traits under both conditions. Consequently, the selection process would be important and 
played the major role through using bulk method technique not pedigree method, respectively. Similar 
results were in agreement with those reported by El-Mouhamady, (2003) ; El-Mouhamady, (2009) ;  
El-Mouhamady et al. (2010) ; El-Mouhamady et al. (2012)a ; El-Mouhamady et al. (2012)b ; El-
Seidy et al. (2013) ;  Khatab et al. (2017) and Behboudi et al. (2018).                                                                                                       

It was necessary firstly and before beginning to do this experiment ensuring that all genotypes 
used in this investigation beside their hybrids resulting from it are very different from each other and 
this trend was the main entrance to the genetic analysis of the statistical system known as half diallel 
(Griffing). This analysis has helped to determine the importance area of both additive and dominance 
types of gene action and their different interactions for controlling and inheriting all traits under 
studying. This procedure has already contributed for identifying and classification the required traits 
and following up it inheritance accurately and carefully which was very important in improving and 
increasing tolerance and resistance for water stress in different barley varieties. For example, genetic 
statistical analysis demonstrated the role playing by dominance gene action in the inheritance of yield 
traits and its components in addition, the other rest traits including maximum root length and the high 
proportion of chemical components associated with water deficit tolerance such as proline, glycine 
betaine and terhalose contents. This means that the selection process will be useful and fruitful for 
these traits in late segregation generations such as the fourth and fifth generation and so on.  

  
Heterosis over better-parent:-        

Highly significant and positively values of heterosis over better-parent were observed in the 
crosses; (P1 X P2, P1 X P3, P2 X P3, P3 X P4 and P3 X P5) for the traits;  (number of filled 
grains/spike, 1000-grain weight, grain yield/plant, maximum root length, proline, glycine betaine and 
trehalose contents) under the control and water stress treatments. While, osmotic adjustment trait was 
not revealed any significant and recorded negatively values in this regard for the previous hybrids 
under the same conditions, table (5). These results confirmed that the entries; (P1 X P2, P1 X P3, P2 
X P3, P3 X P4 and P3 X P5) of barley genotypes were highly important for SCA effects and detected 
the major role of non-additive types of gene action (Dominance and Dominance × Dominance) for 
controlling and inheritance the previous traits which enhancing and increasing the ability for water 
stress tolerance under local conditions, (El-Mouhamady et al., 2014c ; Ramadan et al., 2016 and 
Khatab et al. 2017).                    

The following five promising and superior hybrids; (P1 X   P2, P1 X P3, P2 X P3, P3 X P4 and 
P3 X P5) gave important evidence for the genetic role of the dominance gene action derived directly 
from dominance variation as an essential, vital and effective constituent component of genetic 
variation. Therefore, quantitative genetic referred to this kind of variability (dominance variation) and 
its fruitful aim in the inheritance of important quantitative traits such as yield and its components, the 
maximum root length and the chemical components mentioned above which were very important 
indicators for drought tolerance in barley crop under Egyptian conditions. The recent five hybrids 
were recorded highly significant of heterosis over better-parent in the positive direction which 
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Table 4: Mean Squares of the half diallel analysis for all studied traits under the control and water deficit conditions. 
OS. Adj Gly. Co Tre. Co Pro. Co  M.R.L  G.Y/P 1000-G.W  No. of F.G/S 

 
D.F S.O.V 

N                    
D   

D  N D N D N D N D N D N D  N   

1.38 5.32 9.32 0.45 0.83 10.05 15.34 5.56  7.16 0.22 0.76 5.37 12.28 3.28 4.71 2 Reps 

2.56** 34.64** 29.50** 4.70** 8.35** 12.11** 15.67** 93.14** 72.80** 56.04** 42.66** 41.0** 25.78** 10.14** 12.88** 14 Genotypes 
415.47** 107.12** 223.0** 193.54** 127.39** 116.78** 125.37** 123.58** 119.88** 143.09** 195.38** 180.59** 162.18** 111.60** 122.78** 4  GCA 

275.38** 79.80** 167.12** 142.44** 114.55* 113.0** 109.16** 100.15** 89.76** 112.84** 178.0** 110.18** 115.21** 99.63** 117.78** 10 SCA 

0.86 0.67 0.94 0.72 0.15 1.64 0.73 1.55 1.97 0.49 0.38 1.18 1.75 0.59 0.62 28  Error 

0.28 0.22 0.31 0.24 0.05 0.54 0.24 0.51 0.65 0.16 0.12 0.39 0.58 0.19 0.20   Error 
term 

0.21 0.19  0.19 0.19 0.15 0.14 0.16 0.17  0.19 0.18 0.15 0.23 0.11 0.16  0.15   GCA/SCA 

 
Table 5: Heterosis over better parent for the ten crosses obtained from half diallel analysis of all traits under studying in barley entries under both systems of irrigation. 

OS. Adj Gly. Co Tre. Co Pro. Co M.R.L G.Y/P 1000-G.W 
No. of F.G/S 

 
Crosses 

CT 
DT 

DT CT DT CT DT CT DT CT DT CT DT CT DT CT  

-50.0 NS 25.51** 15.56** 61.04** 44.29** 31.13** 38.88** 31.25** 21.86** 2.64* 5.60** 13.32** 16.12** 16.24** 31.35** P1 X P2 

-28.81 NS 69.69** 44.17** 23.10** 23.21** 16.87** 27.87** 21.25** 38.99** 7.14** 9.38** 31.43** 37.22** 59.22** 50.71** P1 X P3 

96.15 NS -84.22** -70.38** -74.43** -63.89** -36.40** -22.92** -44.70** -36.57** -55.38** -35.56** -40.18** -32.92** -27.10** -19.22** P1 X P4 

62.82 NS -75.53** -59.20** -68.22** -51.01** -47.12** -39.28** -37.88** -35.59** -41.76** -29.30** -52.72** -49.51** -32.41** -23.30** P1 X P5 

-55.93 NS 46.86** 31.81** 57.59** 57.59** 16.14** 23.70** 21.53** 17.88** 10.46** 13.29** 17.27** 12.38** 44.40** 48.36** P2 X P3 

175.0 NS -80.80** -61.78** -67.80** -48.25** -35.38** -33.52** -46.77** -42.69** -50.70** -28.82** -41.82** -37.13** -47.78** -27.74** P2 X P4 

140.62 NS -88.26** -66.73** -78.51** -58.56** -45.36** -44.08** -37.80** -33.19** -48.83** -30.55** -51.84** -47.60** -31.99** -30.72** P2 X P5 

-45.76 NS 33.76** 33.15** 31.45** 27.73** 60.25** 52.66** 35.93** 42.43** 4.30** 7.18** 10.81** 9.98** 73.55** 61.20** P3 X P4 

-69.49 NS 47.89** 18.41** 29.43** 19.23** 44.40** 49.29** 11.67** 20.86** 7.81** 14.88** 29.25** 38.26** 32.83** 26.57** P3 X P5 

20.0 NS -25.04** -21.96** -55.28** -26.95** -27.20** -43.45** -22.14** -21.87** -42.32** -25.48** -20.11** -19.48** -21.07** -18.99** P4 X P5 

1.28 1.13 1.34 1.17 0.53 1.77 1.18 1.72 1.95 0.97 0.43 1.50 1.83 1.06 1.09 LSD at 0.05 

1.86 1.64 1.95 1.71 0.78 2.57 1.72 2.50 2.82 1.41 0.62 2.18 2.66 1.54 1.53 LSD at 0.01 
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indicated that they are already linked to dominance gene action and their direct reflection on SCA 
effects. Thus, continuing to cultivate these superior crosses with simple selection after each 
segregation generation for several generations will lead us to product barley lines with highly 
localization, genetic stability and high yield as well as resistance for moisture deficit under local 
conditions. 
 
Combining ability effects:- 
                                                                         
General and specific combining ability effects:-    

The parents number (1, 2 and 3) revealed significant and highly significant positively values of 
GCA effects under the two treatments of irrigation for the traits; (number of grains/spike, 1000-grain 
weight, maximum root length, proline and glcine contents, while the entries number; (1 and 3) only 
exhibited the same results for the traits; (grain yield/plant and trehalose content) under the same 
treatments, (Table 6). On the other hand, the genotypes number; (2, 4 and 5) detected significant and 
highly significant negatively results of GCA effects for osmotic adjustment trait in table (6), 
respectively. These results confirmed that additive and additive × additive types of gene action 
recorded an effective role for controlling and inheriting the previous traits for enhancing improvement 
of drought resistance in barley entries under local conditions.                                                                                                                                      
Results presented in table (7) showed that the crosses; (P1 X P2), (P1 X P3), (P2 X P3), (P3 X P4) 
and the cross (P3 X P5) revealed significant and highly significant positively values of SCA effects 
for the traits; (number of filled grains/spike, 1000-grain weight, grain yield/plant, maximum root 
length, proline, glycine betaine and trehalose contents) under all conditions while, osmotic pressure 
trait was exhibited significant and highly significant negatively results of SCA effects for the crosses; 
(P1 X P4, P1 X P5, P2 X P4, P2 X P5 and P4 X P5) under the control treatment and water stress 
conditions, respectively. The previous results related to SCA effects meaning that (Dominance and 
Dominance × Dominance) types of gene action were showed an important, fruitful and vital role for 
controlling and inheriting the previous studied traits and contributed for enhancing water stress 
resistance in barley entries. Similar results were reported by El-Keredy et al. (2003); Khatab et al. 
(2017) and Behboudi et al. (2018). 

The most important results can be summarized after a quick review of all the most previous 
results based on the average data for all studied traits, analysis of variance, heterosis over better-
parent, GCA and SCA effects under both treatments of irrigation in that the parents number (1, 2 and 
3) for GCA effects were the best for all studied traits where they gave highly significant and positive 
differences under the two conditions and also pointed to the importance of additive gene action in 
inheriting and controlling the previous traits for increasing the ability of water deficit tolerance beside 
the selection process will be useful and fruitful in early segregation generations. For SCA effects, the 
following genotypes; (P1 X P2, P1 X P3, P2 X P3, P3 X P4 and P3 X P5) showed highly significant 
differences in the positive direction under normal irrigation and water stress conditions which 
reflecting the importance of dominance gene action for inheriting and controlling the previous traits 
under studying. Also, confirms the genetic superiority for these crosses over both parents involved in 
its production, which was evident in the phenomenon of transgression segregation. These results 
indicated the role of these hybrids for water stress tolerance and will become the core for the 
production process of resistant barley varieties for adverse environmental conditions such as high 
level of salinity and water poverty under Egyptian conditions. Papers and researches have not come to 
improve the resistance of barley crop to face water stress and preserve high yielding arbitrarily, but 
these papers were a serious attempt to find an alternative and reserve source for the production 
process of flour necessary for bread industry in light of the current shortage of wheat flour Egypt 
suffer from it to produce bread from wheat flour because the extent of its limited area according to the 
estimates of the Egyptian ministry of agriculture. Therefore, wheat flour will inability alone to 
produce bread with 100%. After all the previous talking we find that the only way to face this problem 
is mixing and adding barley flour to wheat flour to fill this food gap with partially form in bread 
production and this is considered a new national dimension address used by this study for improving 
barley yield productivity to face this food gap and increasing water deficit resistance in local barley 
varieties. 
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Table 6: Estimates of General Combining Ability (GCA) Effects for the 5- parent of Barley entries of all studied traits under the control and water deficit conditions.  
OS. Adj  Gly. Co  Tre. Co Pro. Co M.R.L G.Y/P 1000-G.W No. of F.G/S 

  
Parents 

CT          
DT     

DT CT DT CT DT CT DT CT DT CT DT CT DT CT 

5.37** 14.06** 17.52** 36.04** 74.36** 5.38** 3.58** 2.17** 3.32** 17.44** 13.56** 37.21** 68.34** 21.06** 26.54** P1 

-4.27** 22.97** 54.0** -20.24** -42.18** 18.33** 25.73** 4.13** 6.63** -9.80** -7.22** 16.36** 12.45** 12.17** 19.44** P2 

18.47** 5.71** 37.80** 15.93** 22.26** 15.26** 7.85** 11.05** 8.70** 42.30** 17.45** 4.17** 5.88** 27.48** 34.88**   P3   

-9.18** -28.12** -62.79** -17.82** -33.66** -30.14** -5.45** -5.73** -11.15** -30.84** -11.03** -28.14** 65.32**-  -42.16** -50.78** P4 

-10.39** -14.62** -46.53** -13.91** -20.78** -8.83** -31.71** -11.62** -7.5** -19.10** -12.76** -29.60** -21.35** -18.55** -30.08** P5 

1.28 3.62 2.17 0.77 1.07 1.42 1.74 0.39 0.46 1.54 0.79 2.36 3.84 1.79 2.38  LSD at 0.05 (gi) 

2.42 4.58 3.39 1.23 1.41 2.28 2.35 0.54 0.68 1.75 1.13 3.55 4.93 2.77 3.56 LSD at 0.01 gi)(  

 
Table 7: Estimates of Specific Combining Ability (SCA) Effects of the 10- Barley crosses for all traits estimated under both levels of irrigation. 

OS. Adj  Gly. Co  Tre. Co Pro. Co M.R.L G.Y/P 1000-G.W No. of F.G/S 
  

Crosses 

CT        
           DT 

DT CT DT  CT DT CT DT CT DT CT DT CT DT CT   

8.06** 28.07** 35.16** 7.18** 4.28** 21.18** 25.46** 55.14** 71.55** 13.98** 15.77** 25.80** 41.68** 24.05** 18.36** P1 X P2 

11.31** 12.28** 5.79** 1.75** 10.59** 12.93** 52.76** 10.08** 16.73** 3.62** 7.81** 39.60** 67.40** 14.32** 51.0** P1 X P3 

-14.68** -26.73**  -34.50** -0.97** -1.87** -3.16** -36.05** -36.84** -39.18** -3.79** -11.13** -12.78** -27.49** -20.57** -12.88** P1 X P4 

-9.70** -14.57** -11.05** -3.40** -5.76** -19.80** -15.42** -13.27** -14.72** -10.55** -23.70** -32.55** -25.40** -64.38** -36.78** P1 X P5 

5.80** 38.63** 72.88** 2.48** 3.79** 4.38** 5.72** 22.84** 45.22** 17.80** 31.05** 8.76** 16.54** 78.15** 107.12** P2 X P3 

-15.04** -8.16** -8.95** -5.38** -4.62** -11.20** -24.13** -7.86** -47.60** -9.45** -10.88** -18.63** -51.88** -21.35** -50.14** P2 X P4 

-7.42** -3.99** -37.76** -7.62** -9.34** -14.89** -50.87** -30.07** -9.42** -18.37** -12.75** -35.77** -48.13** -17.44** -78.33** P2 X P5 

17.79** 7.66** 15.89** 8.04** 5.17** 18.17** 46.38** 19.88** 13.47** 16.44** 29.45** 10.04** 15.22** 9.48** 11.66** P3 X P4 

13.88** 27.08** 4.78** 1.92** 8.42** 6.50** 21.15** 29.73** 57.40** 1.95** 2.55** 79.76** 32.04** 17.24** 23.70** P3 X P5 

-10.0** -60.27** -42.24** -4.0** -10.66** -14.11** -25.0** -49.63** -93.45** -11.63** -28.17** -64.23** -19.98** -19.50** -33.71** P4 X P5 
0.73 1.62 1.49 0.39 0.54 0.84 0.78 2.87 3.48 1.33 1.54 2.40 2.15 1.64 1.88 LSD at 0.05 

1.39 2.25 1.82 0.88  1.29 1.49 1.34 3.58 4.28 1.71 1.89 3.19 3.37 2.28 2.73 LSD at 0.01 
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Genetic Components:- 
The data presented in table (8) detected that the values of dominance variance were higher than 

the values of additive variance for all studied traits under the control and drought treatments which 
discussed that dominance gene action (dominance variance) was played an important and fruitful role 
for controlling and inheriting all traits under studying for the both treatments of irrigation and 
confirmed that the selection process will be very vital and fruitful in the late segregation generation 
firstly from the fourth generation to seven generation or more. Results of additive variance were 
highly in all traits estimated under normal and water stress conditions which indicated that selection 
will be very important in early segregation generation. In the same regard, results of heritability in 
broad sense of all traits under studying were higher than 99.50% or bring closer to 100% under the 
control and water deficit treatments which revealed that genetic variance was very high and played 
vital, major and biggest role for inheriting and controlling these traits and increasing the ability for 
drought tolerance in barley entries. The effect of environmental variance is very low or roughly non-
existent for all traits under investigating confirmed that all genotypes were highly differences among 
them. On the other hand, the values of heritability in narrow sense were recorded from (low to 
medium) and lower than 50% for all studied traits under normal and water stress conditions indicated 
that additive variance was medium impact for controlling and inheriting the recent traits under all 
conditions and detected that environmental effects were not low effect for controlling these traits and 
the selection for water stress tolerance for all traits determined would be fruitful in the late 
segregation generation. Results viewing in table (8) exhibited that the values of (RI) were ranged from 
low to medium in all studied traits under the control treatment beside the stress conditions confirmed 
that additive variance was contributed for manufacturing genetic variance with medium rate and 
revealed moderately impact for controlling and inheriting the previous traits. The above results 
confirmed that additive gene action was played an important role for enhancing and increasing 
drought tolerance in barley genotypes and keeping high production at the commercial trend under this 
stress. The values of G.C.V% was recorded the major limit of P.C.V% where the data of it was up to 
99.90% from the total limit of P.C.V% which suggesting to genotypic variance was the biggest part of 
phenotypic variance and responsible for controlling and inheriting all traits under studying beside 
increasing the resistance of water deficit conditions for barley entries under Egyptian conditions. 
Whatever, environmental variance was not effective for controlling the previous traits. These results 
were in agreement with those reported by Dubley et al. (1969) ; Xiao et al. (1995) ; Meheter et al. 
(1996) ; Elayaraja et al. (2005) ; Singh et al. (2006) ;  Manica-Cattani  et al. (2009) ; Eldessouky et al. 
(2016) ; El-Mouhamady et al. (2017) and Madhukar et al. (2018). 

 
Tolerance indices:- 

The data viewing in table (9) revealed that the entries; (P1, P2, P3, P1 X P2, P1 X P3, P2 X P3, 
P3 X P4 and P3 X P5) were exhibited the highest mean values of the tolerance indices parameters; 
(YSI, MP and GMP). On the same trend, the previous genotypes except the genotype (P2) were 
recorded mean values higher than the unity for tolerance indices parameters; (Y1 and DTI) confirmed 
that these barley entries were highly tolerance for water stress conditions, respectively. On the other 
hand, all accessions were recorded mean values lower than (one) for the parameter (YR) and the 
entries; (P1, P3, P1 X P2, P1 X P3, P2 X P3, P3 X P4 and P3 X P5) detected the same results for 
(DSI) and showed mean values lower than the unity. The previous selected entries obtained for (YSI, 
MP, GMP, YI and DTI) beside (YR and DSI) were considered highly tolerance and resistance for 
water deficit conditions because they recorded the highest trend of production (grain yield/plant) 
under the treatment of water stress compared with the control experiment in addition, it diminished 
the attribution of production deprivations under stress condition compared with the control treatment, 
respectively. Similar results were agreement with authors (Nazari and Pakniyat 2010 ; Abdi et al., 
2012 ; Muhammad et al., 2012 ; El-Seidy et al., 2012 ; Kumar et al., 2015 ; Esmail et al., 2016 ; 
Ramadan et al., 2016 ; Khatab et al., 2017 and El-Demardash et al., 2017).                                                                                               

         The following genotypes; (P1, P2, P3, P1 X P2, P1 X P3, P2 X3, P3 X4 and P3 X P5) 
recorded unprecedented levels for tolerance and resistance of water stress because it succeed for 
decreasing the damage level of yield production (YR) under water deficit conditions compared with 
the normal treatment of irrigation in addition, increasing the secretion rate of chemical compounds 
such as proline, glycine betaine and trehalose contents, deepen the length of its root system by a great 
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Table 8: Determination of The relative importance (RI) of additive VS total genetic variance and all genetic components for all traits estimated under the control treatment and water deficit 
conditions. 

OS. Adj Gly. Co Tre. Co Pro. Co M.R.L G.Y/P 1000-G.W 
No. of F.G/S 

 
Genetic Components 

CT            
    

DT 
DT CT DT CT DT CT DT CT DT CT DT CT DT CT 

 

207.73 53.56 111.50 96.77 63.69 58.39 62.68 61.79 59.94 71.54 97.69 90.29 81.09 55.80 61.39 Additive Variance 

275.38 79.80 167.12 142.44 114.55 113.0 109.16 100.15 89.76 112.84 178.0 110.18 115.21 99.63 117.78 Dominance Variance 

483.11 133.36 278.62 239.21 178.24 171.39 171.84 161.94 149.70 184.38 275.69 200.47 196.30 155.43 179.17 Genotypic Variance 

0.28 0.22 0.31 0.24 0.05 0.54 0.24 0.51 0.65 0.16 0.12 0.39 0.58 0.19 0.20 
Environmental 
Variance 

483.39 133.58 278.93 239.45 178.29 171.93 172.08 162.45 150.35 184.54 275.81 200.86 196.88 155.62 179.37 Phenotypic Variance 

42.99 40.16 40.01 40.45 35.73 34.06 36.47 38.15 40.04 38.80 35.43 45.03 41.30 35.90 34.26 RI 

42.97 40.09 39.97 40.41 35.72 33.96 36.42 38.03 39.86 38.76 35.41 44.95 41.18 35.85 34.22 H2 (N.S) 

99.94 99.83 99.88 99.89 99.97 99.68 99.86 99.68 99.56 99.91 99.95 99.80 99.70 99.87 99.88 H2 (B.S) 

0.88 47.32 45.96 53.80 51.51 48.33 42.15 39.86 46.11 39.07 47.65 38.21 43.61 42.97 49.63 Mean 

2497.70 24.40 36.31 28.74 25.91 27.08 31.10 31.92 26.53 34.75 34.84 37.05 32.12 29.01 26.97 G.C.V % 

2498.42 24.42 36.33 28.76 25.92 27.13 31.12 31.97 26.59 34.76 34.85 37.09 32.17 29.03 26.98 P.C.V % 
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growth for maximum root length and adventitious roots  to access to the water necessary for plant life 
during water stress time as evidence of drought tolerance. It was proved the previous results by 
estimating various kinds of tolerance indices for drought and in reaching the fact that the above-
mentioned genotypes have already succeeded in diminishing water stress sensitivity guide (DSI) 
under the circumstances of this serious environmental stress compared to the control.   
                                                                     
Table 9: Tolerance indices calculated for the barley entries especially for grain yield trait under the two treatments of 

irrigation.    

DSI YR  GMP DTI MP YI  YSI GYD GYP Genotypes 
0.61 0.11 52.20  1.19 52.28 1.26  0.89 49.40 55.17 P1 
1.0 0.18 45.27 0.90 45.48 1.05 0.82 41.18  49.78 P2 

0.27  0.05 52.64 1.22 52.66 1.31 0.95 51.33 54.0 P3 
1.72  0.31 31.03 0.42 31.55 0.66 0.69 25.89 37.21 P4 
1.22  0.22 37.80 0.62 38.08 0.85 0.78 33.50 42.66 P5 
0.55  0.10 55.40 1.35 55.47 1.34 0.90 52.69 58.26 P1 X P2 
0.50  0.09 57.61 1.46 57.67 1.40 0.91 55.0 60.35 P1 X P3 
2.16  0.39 27.99 0.34 28.79 0.56 0.61 22.04 35.55 P1 X P4 
1.50  0.27 33.49 0.49 33.88 0.73 0.73 28.77 39.0 P1 X P5 
0.44  0.08 58.89  1.52 58.94 1.45 0.92 56.70 61.18 P2 X P3 
2.38  0.43 26.81 0.31 27.86 0.51 0.57 20.30 35.43 P2 X P4 
2.16 0.39 26.98 0.32 27.82 0.53 0.61 21.07 34.57 P2 X P5 
0.44 0.08 55.66 1.36 55.71 1.37 0.92 53.54 57.88 P3 X P4 
0.61 0.11 58.59 1.51 58.69 1.41 0.89 55.34 62.04 P3 X P5 
2.22 0.40 24.78 0.27 25.55 0.49 0.60 19.32 31.79 P4 X P5 

 
Molecular Markers:- 
  
 ISSR analysis:- 

Out of 10 ISSR primers, only six primers were found to be polymorphic across drought 
susceptible and drought tolerant genotypes and other four have unclear amplification. Primer UBC-
810 recorded the highest number of bands (12) in all tested genotypes and their represented in F1 
hybrid, followed by primers UBC-812  and UBC-815  as a tolerant genotypes (Fig 1), Moreover, 
primer  UBC-810  produced high polymorphism 75% followed by UBC-822 (66.66%) then followed 
by UBC-815 (60%) while, primer UBC-812 gave the lowest polymorphism percentage (40%) in table 
(10), respectively. On the other hand, both primers UBC-807 and UBC-814 amplify only 
monomorphic bands. These results showed similarity with the results obtained by El-Mouhamady et 
al. (2014d) ; Eldessouky et al. (2016) ; Ramadan et al. (2016)   and Khatab et al. (2017). However, 
presence of more than one polymorphic locus exemplify that drought tolerant genotypes differed from 
moderate ones in more than one respect. Nevertheless, primer UBC-810 showed the highest 
polymorphism (75%) in this regard, but it not generated any specific bands associated to water stress 
tolerance in this study. The results also suggest that ISSR technique has a great potential to find DNA 
based polymorphism between the genotypes of same species. These identified polymorphic bands can 
be considered as potential markers to identify drought tolerant genotypes/cultivars for marker assisted 
selection (MAS) in barley water deficient resistance breeding programs. 

 
Cluster analysis (Phylogenetic tree):- 

The dendrogram based on ISSR marker data successfully discriminated all the ten barley 
genotypes for water stress tolerant breeding through cluster analysis. Furthermore, results observed 
from this regard viewed in fig (2) divided the ten barley entries into two main cluster. The first cluster 
consisted to two sub-cluster where the first one divided into two sub-sub cluster. The first one 
including the cross (P1 X P2) and one set (P1and P2), while the second sub-sub cluster contained the 
crosses; (P1 X P3 and P2 X P3). While that, the second sub-cluster including (P3 and P4). The second 
cluster including one group (P5 and the cross P3 X P4) beside the cross (P3 X P5), respectively. 

Such the previous genotypes need more studies for morphological and more accurate DNA 
markers such as SSR, SRAP and sequencing to draw clear picture about their tolerance with more 
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genotypes. Similar results were agreement with those reported by Esmail et al. (2016) ; El-
Mouhamady et al. 2016 and Khatab et al. (2017). 

 
Fig. 1:  Banding pattern for ISSR markers UBC-810, UBC-812, UBC-815 and UBC-822  M marker, 1-  P1: 
(line1), 2:  P2 (line 2), 3:  P3(line 3), 4: P4 (Giza133), 5:P5 (Giza135) , 6:   (P1 X P2), 7: (P1 X P3), 8: ( P2 X 
P3),  9: (P3 X P4) and 10: (P3 X P5).      

 
Table 10: Polymorphism rate of five barley genotypes and the best five F1 crosses.  

No. Primers No. of bands Polymorphism (%) 
Total No of bands Polymorphic 

1 UBC 807 4 0 0.0 
2 UBC-810 12 9 75 
3 UBC-812 10 4 40 
4 UBC-814 3 0 0.0 
5 UBC-815 10 6 60 
6 UBC-822 9 6 66.6 

Total                
48 25 - 

 

 
Fig. 2: The similarity dendrogram of five parents and the best 5 F1 produced by ISSR primers using 
Neighbor Joining (NG) method where, 1 or  P1: (line1), 2 or  P2: (line 2), 3 or  P3: (line 3), 4 or P4: 
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(Giza133), 5 or P5: (Giza135) , 6:   (P1 X P2), 7: (P1 X P3), 8: ( P2 X P3),  9: (P3 X P4) and 10: (P3 
X P5), respectively. 
 
Proximity matrix analysis (Genetic Similarity):- 

The data revealed in table (11) exhibited (45) pairwise comparisons to debate the genetic 
relationships within 10 barley entries detected in terms of similarity. 
The genetic similarity ranged from (0.400 to 0.720) with an average of (0.560), where the highest 
level of genetic similarity was (0.720) among (P3 & H5) and the lowest trend of similarity was 
(0.400) between each of (P1 & H1), (H2 & H3) and (H4 & H5) and the rest genetic similarities 
showed various values among the other genotypes, respectively.  

ISSR markers could be used to assess genetic variability within of cultivated crops (Sonante and 
Pignone, 2001). The polymorphisms produced by ISSR primers were enough to distinguish studied 
genotypes and their hybrids. The use of ISSR markers is clearly helpful in differentiating closely 
related genotypes and has been used for cultivar identification in numerous plant species (Zhao et al., 
2006). Applications of the ISSR marker as a marker assisted selections (MAS) are becoming 
widespread. Same results were found when studying genetic diversity in barley using ISSR by 
(Kanbar, 2011).  Moreover, (Khan et al., 2013) found that water stress tolerance is polygenic and 
complex trait interplay with the environment makes phenotypic evaluation difficult. Hence, the use of 
DNA markers can help breeders in improving the speed as well as reliability of the process. For this 
study, we can consider that these genotypes which showed drought tolerance could assist as 
potentially new genetic materials that could be exploited for the increase breeding lines with high 
level of water deficiency tolerance and to accelerate genetic improvement in barley and cost-efficient 
than conventional screening under water shortage conditions. These identified polymorphic bands can 
be considered as potential markers to identify drought tolerant cultivars for MAS in barley breeding 
programs. 
Note:- 1: P1, 2: P2, 3: P3, 4: P4, 5: P5, 6 or H1: P1 X P2, 7 or H2: P1 X P3, 8 or H3: P2 X P3, 9 
or H4: P3 X P4 and 10 or H5: P3 X P5. 
 
Table 11: ISSR similarity indices using Neighbor Joining (NG) for the ten barley entries.  

  P2 P3 P4 P5 H1 H2 H3 H4 H5 
P1 0.35 0.66 0.63 0.66 0.40 0.57 0.57 0.63 0.57 
P2 

 
0.57 0.66 0.69 0.45 0.60 0.53 0.60 0.60 

P3   0.53 0.63 0.60 0.66 0.60 0.66 0.72 
P4    0.53 0.63 0.63 0.57 0.63 0.63 
P5     0.60 0.60 0.60 0.45 0.60 
H1      0.57 0.49 0.69 0.69 
H2       0.40 0.63 0.57 
H3        0.57 0.57 
H4         0.40 

 
After the detailed presentation of all parts of this study which discuss the subject of breeding and 
improvement of barley genotypes for water stress tolerance. We can say that this scientific attempt to 
find solutions to the problem of water shortage needed for the plant life was fruitful and successful by 
all standards and based on their vital results, which was presented in detail previously and opened the 
way also to all branches of science to discuss this serious environmental problem, especially 
biotechnology. This branch of science contributed with unrivaled form in comparison among the five 
barley parents and their best 5 F1 hybrids under studying at the molecular level. The recent study also 
dealt with another scientific aspect of a high level of importance is the physiological characteristics 
associated with water stress resistance which determines the extent spread of different plant species in 
regions and disappearance from other zones. The deeply root system in soil come in the head of these 
physiological traits and at the forefront of the defense methods using by plants to face these complex 
environmental traits challenges in addition,  the embryonic or adventurous roots enables the plant to 
access to stored water in the deep layers of soil for continuing his life. Finally, tolerance indices of 
water deficit conditions considering the most important physiological measures related to resistance 
and tolerance for difficult environmental conditions.  
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Conclusion 
Physiological traits of barley entries are deeply affected under drought (water stress). Barley 

genotypes survive water scarcity by adaptive changes in morphological traits and in the course of 
physiological. Moreover, the results of this study provide some ISSR molecular markers associated 
with barley genotypes and could be used to enrich breeding programs aimed to improve its drought 
tolerance by the aid of MAS. At least, the ISSR developed from this study can consequently be used 
in any further study to identify stress-tolerant genotypes in barley or any other field crop. 
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	ABSTRACT 
	DNA isolation and PCR amplification:-
	 DNA was extracted using CTAB method from fresh barley leaves of (five parents and the best selected five F1 crosses) based on the results of all studied traits under both types of irrigation according to Doyle and Doyle (1990) and these crosses were; H1: (P1 X P2), H2: (P1 X P3), H3: (P2 X P3), H4: (P3 X P4) and H5: (P3 X P5), respectively. Ten ISSR- PCR primers were used as shown in Table 2.  PCR cycling was carried out as the following program, one cycle at 95 °C for 5 min., and then 35 cycles were performed as follows: 1 min. at 94 °C for denaturation, 1 min. at 36°C for annealing and 1.45 min. at 72 °C for extension. Reaction was incubated at 72°C for 7 min. The PCR products were separated by electrophoresis using 1.2% agarose gel in 1 x TAE buffer against 100 bp DNA Ladder as a size marker. Bands were detected with RED SAFE staining and documented on Gel Documentation UVITEC, UK.



