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Abstract
The problem of exacerbating high levels of salinity should be considered greatest challenges facing Egyptian agriculture, especially in light of

the limited water allocated for irrigation. Based on this, the Egyptian state has taken effective strategic steps through specialized institutes and
research centers to improve the degree of tolerance of field crops to salt stress, especially the barley crop. The aim of the present work has
concentrated on unraveling the genetic and biochemical factors and genetic markers that might be responsible or linked to salinity tolerance in
barley. Some agro-morphological and biochemical attributes were the most studied parameters under both conditions. Profile of ISSR primers
was used for comparing the ten barley genotypes (5 parents besides the best 5 crosses) confirming salinity tolerance in all studied traits under
both experiments. The final results revealed the importance of the three first parents and the highly five promising crosses were recorded
highly rank of salinity tolerance in this regard. Molecular markers have succeeded in reaching molecular genetic differences using ISSR
primers which can be a taxonomic basis for determining tolerant barley genotypes to salinity and the other sensitive accessions. Where, the
polymorphism % closed to 100% within using the ISSR primers; SR-03, SR-12 and SR-21 besides, generating 30 unique bands through all
ISSR primers. Thus, the greatest benefit of this study may have been achieved, which is the strategy for improving barley crop to confront the
danger of salt stress, which has become a major environmental problem, especially in the northern Delta regions. Further, its direct
obstruction of agricultural development paths in Egypt.
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1. Introduction

The issue of food security and the priorities for preserving it are considered, the barley crop may be among these top priorities
in our lives. This strategic crop is known that it is a plant species around it belonging to the Gramineae family and was one of
the main food crops that a human used in their food where bread was made from. However, the erosion of the vast majority of
agricultural lands due to salt stress may be a very serious factor in reducing the yields of field crops, especially barley. Given
the great strategic importance of this crop, as it represents a bright future for contributing to the production of Egyptian bread,
it was necessary to move forward with serious scientific and practical attempts with the aim of confronting the environmental
stresses that threaten its productivity, especially salt stress. Despite this, the volume of scientific contributions in this regard is
still very small and does not meet the purpose. This crisis requires more concerted in order under Egyptian conditions. This
point in particular represents a maximum strategy for the Egyptian state, especially in light of the limited water allocated for
irrigation. This is what we will address in some detail, reviewing the most important results of research and studies that
discussed this serious crisis, while identifying the most important recommendations with the aim of producing highly
productive barley lines that are tolerant of salt stress. The results of many scientists and researchers indicated a noticeable
decline in the productivity of wheat and barley crops due to salt deposits in the soil prepared for agriculture [1 , 2]. The
process of potassium diffusion had the greatest impact in determining the extent to which salt tolerance occurs by estimating
the ability to spoil, based on the sodium chloride salt in the roots of six barley lines in reciprocal crosses [3]. The strategy of
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decreasing pH values in some barley accessions under salinity conditions has succeeded in indicating a clear physiological
sign, which is the closure of stomata based on this physiological matter. There is a decrease in especially in the seedling stage,
which greatly helps to raise resistance to high degrees of salinity [4 , 5]. Some genotypes of wheat and barley have shown
excellent genetic mechanisms that provide evidence of tolerance to environmental stresses, especially high salinity and
scarcity of irrigation water. This evidence has been characterized in barley entries and transferred through plant breeding
methods for the wheat crop [6]. Experiments on two Syrian barley varieties under salt stress also demonstrated a close
relationship between the metabolic process and the carbon dioxide transfer system by closing the stomata. As well, the ideal
gas exchange during these conditions [7]. Promising and excellent results appeared regarding tolerance to salt stress in some
barley genotypes under salinity and control experiments and these results were confirmed after analyzing the water soluble
protein, molecular markers and QTLs for those promising barley accessions [8 , 9]. Further, the mechanism of genetic
correlation between quantitative traits useful to breeders has also proven to be highly effective in localizing the physiological
traits responsible for salinity tolerance in these promising genotypes in this regard. Also, ten ISSR and SSR markers
succeeded in identifying tolerant barley varieties over sensitive ones [10]. Therefore, a large number of barley entries
detected great genetic variability in varying degrees of salt tolerance, especially at the seedling stage [11]. The physiological
measurements, genetic parameters and salinity tolerance indices were a bright indication in proving the mechanisms of
tolerance to environmental stress, especially salt, in some superior barley entries [12]. Evaluating of salinity tolerance using
tolerance indices parameters in some barley genotypes under field conditions was done by [13]. Recent and repeated studies
have significantly proven that barley accessions found under salinity conditions have an increased amount of proline, glycine
betaine, and trehalose contents as indicators of tolerance. Further, increasing in both sodium and calcium levels due to the
saline environment [14]. New and useful information has emerged to detect and screen the genetic makeup of barley crop to
should be obtain the most resistance to salinity, especially in the early life stages of the seedlings. These mechanisms have
contributed to reaching the highest genetic characterization techniques for these lines in search of resistance genes [15]. After
this fruitful and thorough review of the highest positive papers in this context. All these intense scientific efforts crystallize the
importance of genetic studies to improve barley crops to confront environmental stresses, and this is an ideal goal for this
work. As a serious attempt to bridge the bread production gap in Egypt. Further, the Egyptian bread production crisis has
become one of the largest crises affecting Egyptian food and national security. This imminent danger coincides with the boom
in Egyptian barley productivity and the increasing hopes placed on its abundant production in order to fill this great gap in
Egyptian bread productivity. This was the clear strategy in this investigation, which was a quick response to this imminent
environmental threat represented by increasing degrees of salt stress, especially in the valley and delta regions affected by the
highest levels of salt deposition due to limited irrigation water, especially in the summer of the Arab Republic of Egypt. Also,
a large number of research and studies have been successfully completed in the past few years, the aim of which was to
improve the quality and quantity of Egyptian barley. Further, raising the degree of its withstand, such as drought and salinity
besides, its tolerance of the toxicity of heavy metals to safe levels through which it can the plant completes its life and gives
the highest yield, and these efforts are considered constructive efforts in this regard. In this way, we will have come a long
way in the path of genetic improvement of barley to tolerate salt stress through traditional and biotechnological plant breeding
methods, which have yielded promising results by obtaining a group of barley hybrids that excel in this regard. Further,
continuing to cultivate these hybrids for several segregation generations leads to obtaining barley lines that are genetically
more stable. As well, collecting all the quantitative traits desired by the breeder, such as resistance to diseases and
environmental stresses, especially salt stress. This is the strategic goal of this study and it must be achieved as soon as
possible.

2. Materials and Methods

Materials:

This investigation included five barley cultivars divided into two groups. The first group contains two imported lines from
ICARDA (line I and line II). While, the second barley group were 3 Egyptian cultivars namely; Giza 121, Giza 126 and Giza
2000, respectively. The five barley accessions were various response for salinity tolerance (Table, 1).

Table (1): Classification of the five Barley Genotypes used in a half diallel analysis.

Serial No. | Names of Genotypes |Origin Drought tolerance
lor (P1) Line (1) ICARDA |Tolerance
2or (P2) Line (2) ICARDA |Tolerance
3or (P3) Giza 121 Egypt Moderate
4 or (P4) Giza 126 Egypt Moderate
5 or (P5) Giza 2000 Egypt Moderate

Egypt. J. Chem. 68, No. 1 (2025)



BIOCHEMICAL AND MOLECULAR DEPICTION FOR SALT STRESS.... 203

Sowing:

The five barley parents were sown in three planting dates with 7 days interval in order to overcome the differences in
flowering time among parents for crossing in season 2018. All entries (parents and their F1 crosses) were grown under normal
and salinity conditions in a randomized complete block design with three replicates for each experiment in season 2019. The
two experiments were grown in pots and the normal conditions means (normal irrigation or tap water). While, salinity
treatment means (irrigate using 20.38% seawater performed from (Alexandria sea water and specifically from Al-Agami
Resort with EC 51.50 dsm™ to be after dilution 10.50 dsm™) according to [5]. The chemical analysis for the two kinds of
water was shown in Table (2).

Table (2): Chemical analysis of Both Types of Water Irrigation (Tap water and Seawater) Using in This Study.

Characteristics | Normal Irrigation | Saline water
(Tap water) (Seawater)
EC (dS/m) 1.53 10.50
pH (1:2.5) 7.11 8.13
Ca++ 2.37 32.86
Mg++ 1.64 29.14
Na+ 8.94 78.37
K+ 0.31 0.18
CO3~” 0.03 0.39
HCO3 1.78 3.96
Cr 12.48 55.28
SO4 1.19 49.36

Studied traits:

Fifty plant were taken from each genotype for the two experiments (normal and saline treatments) to evaluate the following
traits:- 1):- Plant height (cm):- Length of the main culm was measured from the soil surface to the tip of the main panicle at
maturity, 2):- Number of filled grains per panicle: - Filled grains of the main panicle with separated and counted, 3):- 1000-
grain weight (g):- It was recorded as the weight of 1000 random filled grains per plant, 4):- Grain yield per plant (g):- was
recorded as the weight of grain yield of each individual plant, and adjusted to 14% moisture content, 5, 6 and 7):-
Determination of Na+ uptake, K+ uptake and Na/K ratio, 8):- Osmotic adjustment: - It was determined as follows: -

w (Normal) - w (dl’OUght)100
100 100

Where: O.P= Osmotic pressure, R-W.C. = Relative water content, 9):- The proline content: - was determined from a
standard curve and calculated on a fresh basis is as follows:

[(pg proline / ml C ml toluence) / 115.5 pg / p mole] / [(g sample/5)] = p moles proline / g of fresh weight material.

The results related with proline content are average values at least 3-4 samples for each species, according to [16] and
modified method by [17], 10):- Glycine betaine contents:

It was carried out according to the method of [18].

Methods:-

Statistical analysis:-

All calculated data from all studied traits under the two experiments were analyzed using half diallel analysis by [19] model I,
method II including heterosis over better-parent, general and specific combining ability effects where GCA/SCA ratio: -
MSe of GCA-MS error term /Number of parent + 2/ MSe of SCA-MS error term, respectively.

Estimates of Genetic Parameters:

Variance components, heritability in broad sense, genetic coefficient of variability (GCV %) , phenotypic coefficient of
variability (PCV %), D” or the difference between the phenotypic coefficient of variation (PCV %) and genotypic coefficient
of variation (GCV %), expected genetic advance in addition, genetic advance as percentage of mean were the most important
measurements calculated for all studied traits under normal and salinity conditions in this study as follows:- The genetic
coefficient of variability (GCV %) and phenotypic coefficient of variability (PCV %) were estimates according to the method
suggested by [20] as follows:- Environmental Variance (c°¢) = MS, Genotypic Variance (G v) or (6°g) = MS, _MS./r
Phenotypic Variance (Ph v) or (6°ph) = (6%) + (5°g) or MS, + MS,

Where: MSe = Mean Square of error,

MSg = Mean Square of genotypes, r =Number of replicates, X = Mean of Trait.

Genetic coefficient of variability (GCV %) = % x 100
Phenotypic coefficient of variability (PCV %) = % x 100
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Estimation of heritability in broad sense:

Broad sense heritability (h?) expressed as the percentage of the ratio of the genotypic variance (g v) to the phenotypic variance
(ph v) and was estimated on genotype mean basis as described by [20, 21].

H’B = (c%g) / (c°ph) X 100, D % The difference between the phenotypic coefficient of variation (PCV %) and genotypic
coefficient of variation (GCV %) or (PCV %) - (GCV %).

Estimation of genetic advance:

The expected genetic advance (GA) and percentage of the mean (GAM) assuming selection of superior 5% of the genotypes
was estimated in accordance with the methods illustrated by [21] as:

GA) = K X (6’°g) X VPhv/Phv(

Where K = Standardized selection differential at 5% selection intensity (K = 2.068).

The genetic advance as percentage of mean (GAM) was computed as:

(GAM %) = (GA) / X . 100

Estimation of tolerance indices:-

All tolerance indices were estimated according to [22-26] as follows in table (10):- 1):- GYP: Is meaning the grain yield/plant
for the control experiment, 2):- GYS: Is meaning the grain yield/plant for the salinity experiment, 3):- YSI: Is meaning yield
stability index = YS/YP where: YS the average of yield under stress and YP= The average of yield under the control
experiment, 4):- YI: Is meaning yield index (YS for each genotype/mean of YS for all genotypes), 5):- MP: Is means (Average
yield for both trials): YS + YP/2 , 6):- STI: Is meaning salinity tolerance index (YP X YS/ (mean of YP) 2, 7):- GMP: (YP X
YS) 0.5, 8):- YR: Is meaning yield reduction (1-YS/YP) , 9):- SSI: Is meaning salinity susceptibility index = DSI = (1-
YS/YW)/D where YS = mean yield under salt stress, Yw = mean yield under control conditions, and D = environmental stress
intensity= 1-(mean yield of all genotypes under stress/mean yield of all genotypes under irrigated conditions). Note: - Osmotic
adjustment was conducted according to [27].

Molecular Characterization:-

Genomic DNA extraction and PCR conditions

Total genomic DNA of all samples was extracted from 10 green barley leaves using Qiagen DNeasy Plant Minikit following
the protocol of the manufacturer (Qiagen Inc, Valencia, CA). The quality of the extracted DNA was assessed on agarose gel
electrophoresis. PCR was performed using ten preselected ISSR primers based on their ability to generate reproducible and
informative amplification patterns in table (10). Amplification reactions were carried out in Biometra T One Thermal Cycler
(Analytik Jena, Jena, Germany). PCR amplification was performed in 25 pl reaction mix which contained 20-30 ng DNA
template, 10 pmole of each primer, 2.5 pl of 2mM Thermo dNTPs, 5 pul of 5x Promega Green GoTaq Flexi Reaction Buffer,
2.5 pl of 25 mM Promega MgCL, and 0.125 pl of 5 U/ul Promega GoTaq Flexi DNA polymerase. The reaction was
assembled on ice, amplification was performed at certain conditions as follows: an initial denaturing step at 94 °C for 5 min
followed by 35 cycles at 94 °C for 30 sec, annealing at 50 °C for 1 min, an extension at 72 °C for 1 min and final extension at
72 °C for 7 mins. The PCR products were assessed on 1.6% agarose gel [28-30]. The banding profile of ISSR were scored
using Labimage program and the polymorphism percentage was estimated as follow :- Percent of polymorphism = (Number
of polymorphic bands/Total Number of Bands) X 100.

Note:- Molecular Sizes of marker used in analyses were as follow: 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1500
and 3000 bp, Also: - T.B: Total bands, M.B: Monomorphic bands, P.B: Polymorphic bands, U.B or P.S.M: Unique bands or
positive specific marker, P%: Polymorphism percentage and R.S (bp): Range size

Data Handling and cluster analysis (Phylogenetic Tree)

Data was scored for computer analysis on the basis of the presence or absence of the amplified products for each primer.

Pairwise components of the ten barley genotypes based on the presence or absence of unique and shared polymorphic
products, were used to determine similarity coefficients according to [31]. The similarity coefficients were then used to
construct dendrograms, using the un weighted pair group method with arithmetic averages (UPGMA) employing the SAHN
(Sequential, Agglomerative, Hierarchical and Nested clustering) from the NTSYS-PC (Numerical Taxonomy and Multivariate
Analysis System ), version 1.80 (Applied Biostatistics Program).

Results

Before starting to present our results, it must be pointed out that the problem of increasing levels of salt stress in Egyptian soil
is one of the greatest environmental challenges facing Egyptian agriculture. The simple reason for this, is the limited irrigation
water especially in the summer, and this leads to an accumulation of salts level in the Egyptian soil layers. So that, this study
should be carried out with great effectiveness, because it is not possible to wash these layers or reduce this salt level.
Therefore, in this study we also hope to reach genotypes or a group of barley hybrids that have a high tolerance to
environmental stresses,especially salt stress and a high yield, so that they will be a building block that can be invested in the
future and worked on to produce barley lines and varieties that are tolerant to salt stress and have highly output at the same
time.

Analysis of Variance:-

Results obtained in the table (3) revealed the importance of interaction test to the studied attributes and were observed the
biggest rank of interaction for the two experiments. Also, results of general and specific combining ability parameters were
similar with great form for the previous characters testing. Further, the percentage of GCA/SCA interaction for all traits under
studying under both conditions were less than the unity. The importance of this test is also that it is used to determine the
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extent of differences between the varieties, hybrids, or lines under study. Further, these differences are required to be
significant or highly significant differences in order for all measurements and genetic constants to be obtained. However, if
the differences are not significant or highly significant, this model cannot be used under any circumstances. This procedure is
used first before starting the study steps to know and ensure that all genotypes used are far apart from each other to the extent
that ensures the occurrence of genetic differences in their hybrids.

Mean performance:-

Data obtained in all attributes measurement for both conditions detected the fruitful role of comparison method among all
parameters under study. Also, this step will help the breeders for selecting the excellent barley materials tolerated to salinity
stress besides, its high yielding. The highest and most desirable genotypes recorded highly salinity tolerance under both
experiments for the studied attributes; (Number of filled grains/panicle, 1000-grain weight, grain yield/plant, K+ content,
proline and glycine betaine contents) besides, the parents (1, 2 and 3) and the hybrids (P1 X P2, P1 X P3, P2 X P3, P2 X P4
and P3 X P4) in table (4), respectively. The same accessions were showed the optimum and ideal results for salinity tolerance
in barley crop under normal and salinity conditions for the rest traits under studying namely; (plant height, Na+ content, Na/K
ratio and osmotic adjustment). For example not limited, the mean values under both conditions were ranged from (81.06 to
112.83 and from 72.55 to 98.74 cm) for plant height trait, ranged from (24.83 to 66.03 and from 18.39 to 57.04 gm) for 1000-
grain weight trait, ranged from (25.16 to 55.36 and from 17.62 to 47.22 gm) for grain yield/plant trait, ranged from (0.24 to
1.52) for osmotic adjustment trait and ranged from (14.09 to 81.09 and from 10.59 to 92.01) for proline content trait. Whereas,
this decreasing in mean values of these traits under the stress treatment compared to the control means a significant and great
physiological resistance to salinity and this is point will be clarified carefully at later in the discussion part. These results are a
clear indication of the superiority of the new barley hybrids, starting from the first hybrid generation. In addition, this
noticeable superiority in the results of all the traits under study under conditions of salt stress compared to the standard
experiment also indicates that the superiority genes were already present in the parents involved in the hybridization program.
Also, continuing to analyze and identify the mechanisms of salt stress tolerance in such promising genotypes is a logical
matter and a constructive scientific step. Further, the rest of the genetic measurements will also be new evidence for
identifying tolerance mechanisms in this regard. Based on this, the top priority for plant breeders involves collecting and
capturing all the genes responsible for inheriting quantitative traits, which simply lead to increased yields under conditions of
environmental stress and resistance to a very large number of diseases that reduce the final output of the barley crop. Further,
this scientific strategy will be the most chance in the recent few years for enhancing all crops and increasing the ability of
resistance and tolerance abiotic and biotic stresses. Also, this methods was successfully with great form for increasing the
final output in rice, maize, sorghum, wheat and barley. Heterosis Over Better-Parent:-

Five crosses out of ten crosses exhibited highly moral positively values of heterosis over better-parent under both treatments
for the attributes; number of filled grains/panicle, 1000-grain weight, grain yield/plant, proline and glycine betaine contents
which confirmed that these barley accessions were revealed the biggest limit of salinity tolerance in this regard. These hybrids
were (P1 X P2, P1 X P3, P2 X P3, P2 X P4 and P3 X P4), respectively. Also, these entries were showed significant and highly
significant negatively percentages of heterosis over better-parent for plant height trait under normal and salinity treatments,
table (5). While,, Na+ content, Na/K ratio and osmotic adjustment traits were not exhibited any significant percentages of this
parameter for all studied genotypes under all conditions. On the other hand, significant and highly significant negatively
values were detected in the crosses; (P1 X P4 and P1 X P5) for both experiments and the two crosses (P2 X P5 and P3 X P5)
for salinity treatment only for K+ content trait. While, the hybrid; (P2 X P4) showed highly significant and positive
percentage of heterosis over better-parent for K+ trait under salinity treatment only. Note that, the positive trend is the
required direction for the genetic improvement of K+ trait. The mean values were for some traits under both conditions and
ranged from (-1.81% to 30.72%, ranged from (2.08% to 12.79%) for plant height trait, ranged from (8.21% to -55.31%, from
(13.83% to -57.64%) for number of filled grains/panicle trait and ranged from (10.78% to -39.45% and from 9.15% to -
53.05%) for grain yield/plant trait and so on. These promising results, if any, indicate that these hybrids are a good and direct
indication of the extent of genetic improvement achieved through traditional plant breeding programs, which are the first basis
in any breeding process, improving yield components traits and tolerance to environmental stresses, especially salt stress in
the Egyptian barley crop. Further, the process of hybridization between lines tolerant to salt stress with the more sensitive
local varieties represents the actual nucleus for producing barley entries tolerant to salt stress besides, its high yield.
Continuing to cultivate these promising genotypes for several segregation generations with simple selection ultimately leads
to the production of barley lines that are tolerant to salt stress and are also high yield. Therefore, the strength of the hybrid in
relation to the best parent is considered one of the most important genetic measurements obtained from the analysis of half
diallel analysis. This test succeeded in identifying the strongest parents that contain genes for the quantitative traits required to
be inherited in the new hybrids so that they are high-yielding and tolerant to salt stress. It is worth noting that this test saves a
lot of time in identifying the best and strongest parents. As well, screening them through simple selection starting from the
second generation, where each plant represents an independent genetic makeup. This is a strategic and necessary scientific
step before starting the process of breeding new barley lines by screening the largest possible number of them in order to
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identify the strongest parents included in the breeding program and improving the barley crop to salt stress tolerance under
Egyptian conditions. Further, this genetic parameter was achieved the biggest indices for increasing salinity tolerance in the
previous barley accessions which indicated its importance for enhancing this strategy crop of resisting biotic and abiotic
stresses under Egyptian conditions.

General and Specific Combining Ability Effects:-

Data viewed in table (6) detected the importance of general combing ability effects for enhancing the ability of salinity
tolerance in barley crop. The barley entries number (1, 2 and 3) were revealed highly moral positively values of GCA effects
in the attributes; (Number of filled grains/panicle, 1000-grain weight, grain yield/plant, K content, proline content and
glycine betaine) for the two experiments. Further, the genotypes number (4 and 5) achieved the same results but in the reverse
direction in the rest attributes. The hybrids; (P1 X P2, P1 X P3, P2 X P3, P2 X P4 and P3 X P4) recorded highly significant
and positive values of SCA effects under both conditions for the characters; number of filled grains/panicle, 1000-grain
weight, grain yield/plant, K" content, proline content and glycine betaine). While, the rest crosses under the same treatments
were exhibited highly significant and negative values of SCA effects for the other traits; (plant height, Na+ content, Na/K
ratio and osmotic adjustment) in table (7), respectively. These parameters indicated the fruitful role half diallel analysis and its
importance for determining the relationship among all barley accessions under study. Further, this genetic relationship was the
main step for choosing the promising barley entries for salt stress tolerance before starting the investigation. Also, the GCA
effects can played an importance role for determining the best parents which were very similar among them for obtaining the
highest barley hybrids for highly rank of yield and salinity stress tolerance under stress comparing to the control experiment.
In addition, this parameter was very fruitful in the future of selecting and testing more barley genotypes for resistance abiotic
and biotic stress under Egyptian conditions. Therefore, the previous results confirmed the essential and fruitful role of
traditional plant breeding in enhancing and increasing the ability of salinity tolerance in barley crop besides, its ability of
drought resistance in the future.

Genetic Parameters and Salinity Tolerance indices:-

Values of (H?b) were good in all attributes under normal and salinity experiments. While, Na+ content exhibited medium data
in this regard for the two treatments. On the other hand, the percentages of GCV % and PCV % were appeared low in plant
height trait, medium in attributes; number of filled grains/panicle, 1000-grain weight, grain yield/plant and glycine betaine
content under both conditions. While, another traits under study namely; Na+ content, K+ content, Na/K ratio, osmotic
adjustment and proline content were recorded high values for GCV% and PCV % under both conditions. While, the values of
(D?) were medium in K+ content trait and high in the rest physiological attributes for the salinity treatment besides the control
experiment. Results assessment of expected genetic advance (GA) based on 5% selection confirmed that the highest values
were observed in all traits under study except plant height and Na+ content traits under both experiments. Appreciates of
genetic advance as percentage of mean (GAM %), all traits exhibited high values under both treatment. While, plant height
trait only was recorded the lowest rank under normal and salinity conditions, table (8). Data shown in table (9) detected that
the barley accessions; (P1, P2, P3, P1 X P2, P1 X P3, P1 X P5, P2 X P3, P2 X P4 and P3 X P4) for the parameters; (YSI, MP
and GMP) recorded highly data for salinity tolerance indices test in this investigation which confirmed that these barley
entries were highly tolerance for salinity. The same results were observed for (YI and STI). After reviewing these results, it
can be briefly said that all of these measurements have confirmed the vital and fruitful role of plant breeding, especially
traditional breeding methods in improving the tolerance of crops, especially barley to salt stress. This became clear through
the data obtained for all the traits under study, especially the grain yield trait under salt stress conditions compared to standard
experiment. The rest of the estimated genetic measurements have already proven the extent of the genetic superiority enjoyed
by the salt-stress-tolerant barley hybrids compared to their original parents. Based on these impressive results, it was
necessary, in the first place to clarify the importance of continuing to cultivate barley hybrids that excel in all yield traits and
attributes indicating tolerance to salt stress for several segregation generations with simple selection in each generation
separately. The major aim in this work is reaching to highly limit of stable percentage of these promising barley genotypes so
that we ultimately obtain barley lines that are tolerant to salt stress and have high yield. As well, their genetic stability under
various agricultural environments. This is the fruitful achievement hoped for from these various genetic experiments and
measurements. Further, these previous parameters were very importance and achieved a fruitful function for enhancing the
program of barley breeding for resistance all biotic and abiotic stress in many areas of Egypt. This is the greatest goal in this
work. Also, the strategy of improving field crops has succeeded to confront the conditions that are largely opposite in
developing countries, which depends on a large part of its annihilation and national income on agricultural production,
especially in light of the limited irrigation water and the spread of arid lands.
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Table (3): Mean Squares of the half diallel analysis for all studied traits under the control and salinity conditions.
S.0vV D.F 1 2 3 4 5
N S N S N S N S N S
Reps 2 1.38 1.16 2.25 1.65 1.07 1.11 2.57 3.18 0.67 0.59
Genotypes 14 | 8.56** 11.03** 38.07** 23.0** 17.33** 8.12%* 17.83** | 24.03** 5.30%* 7.16%*
GCA 4 234.46** | 215.06** | 163.77** | 182.0** | 316.23** | 240.0** | 60.73** | 109.04** | 413.88**| 296.43**
SCA 10 | 190.02** | 87.55** 55.14** 111.32%*| 190.64** | 158.33**| 37.44%* | 78.22%* 276.55%*| 181.33**
Error 28 1.12 0.67 1.55 1.83 0.37 0.26 0.46 0.87 1.38 1.62
Error 0.37 0.22 0.51 0.61 0.12 0.08 0.15 0.29 0.46 0.54
term
GCAJSCA 0.17 0.35 0.42 0.23 0.23 0.21 0.23 0.19 0.21 0.23
Table (3):- Cont.
S.0.v D.F 6 7 8 9 10
N S N S N S N S
Reps 2 0.78 0.39 1.02 0.52 1.58 1.66 1.29 1.55 2.07
Genotypes 14 23.76** 15.0%** 14.91** 10.05** 16.37** 67.80** 58.02%* 18.42** 21.08%**
GCA 4 94.66** 83.57** 271.34%* 204.05%* 39.88** 72.11%* 54.03** | 104.35%* | 110.79**
SCA 10 45.22%* 61.45%* 67.22%* 150.84%* 28.07** 40.16** 19.68** 58.39%* 69.26**
Error 28 0.94 0.51 0.78 0.23 1.07 1.42 1.05 0.93 0.74
Error term 0.31 0.17 0.26 0.07 0.35 0.47 0.35 0.31 0.24
GCAJ/SCA 0.30 0.19 0.57 0.19 0.20 0.25 0.39 0.25 0.22
Table (4):- Mean performances of all studied traits in all barley genotypes tested under the control and salinity conditions.
Entries 1 2 3 4 5 6 7 8 9 10
N S N S N S N S N S N S N S S N S
P1 92.14 84.60 68.14 52.63 54.31 48.73 43.75 38.16 0.14 0.09 2.78 3.14 0.05 0.02 0.46 54.13 62.18 43.12 58.15
P2 85.34 79.16 59.02 50.12 45.22 39.06 46.0 41.28 0.12 0.07 2.40 2.58 0.05 0.02 0.55 47.04 55.16 39.60 44.50
P3 103.78 92.50 48.33 4179 43.04 38.94 44.95 40.37 0.17 0.11 2.32 2.48 0.07 0.04 0.39 39.40 44.18 41.08 49.04
P4 100.18 90.02 32.82 24.06 31.69 2592 36.42 27.05 0.22 0.29 1.45 1.32 0.15 0.21 1.17 21.33 19.74 26.31 19.05
P5 104.72 87.54 37.0 29.11 34.17 28.77 31.45 24.59 0.28 0.32 1.18 1.07 0.23 0.29 1.05 18.92 17.03 21.54 17.45
P1 X P2 83.43 76.02 78.10 59.91 62.80 55.43 55.36 46.44 0.06 0.04 321 3.78 0.01 0.01 0.32 69.56 72.85 55.49 74.03
P1 X P3 87.32 81.48 75.22 64.03 66.03 57.04 50.03 44.24 0.12 0.07 3.78 4.06 0.03 0.01 0.28 73.38 81.19 84.34 92.11
P1 X P4 95.88 86.36 30.45 22.29 2837 22.60 29.78 2236 0.19 0.32 1.38 1.29 0.13 0.24 1.25 16.33 13.12 2531 18.01
P1 X P5 99.51 89.04 34.78 25.58 33.05 27.16 26.49 21.39 0.36 0.39 1.12 1.04 0.32 0.37 1.13 14.09 11.32 19.41 12.64
P2 X P3 81.06 72.55 63.87 58.12 52.44 46.77 54.89 47.22 0.08 0.05 2.98 311 0.02 0.01 0.24 81.98 92.01 51.96 62.55
P2 X P4 83.79 75.80 70.58 62.33 51.24 44.84 51.66 45.06 0.09 0.03 3.65 4.02 0.02 0.007 0.40 68.37 78.14 57.72 94.47
P2 X P5 111.56 97.80 29.88 2324 30.08 19.84 28.14 19.38 0.42 0.48 1.16 1.02 0.32 0.47 1.18 18.11 16.28 16.07 13.48
P3 X P4 89.64 80.15 59.65 48.17 49.57 42.13 49.80 46.22 0.14 0.06 2.69 3.19 0.05 0.018 0.34 48.06 52.78 62.77 86.14
P3 X P5 108.74 96.41 36.21 26.57 26.38 20.34 30.09 21.53 0.29 0.38 1.07 1.03 0.27 0.36 1.14 15.18 10.59 20.63 13.89
P4 X P5 112.83 98.74 28.94 21.03 24.38 18.39 25.16 17.62 0.43 0.52 1.10 1.05 0.39 0.49 1.52 17.11 14.74 20.08 15.44
LSD at 0.05 1.46 1.13 1.72 1.87 0.84 0.70 0.94 1.29 1.63 1.76 1.34 0.99 1.22 0.66 1.43 1.65 1.42 1.33 1.19
LSD at 0.01 2.13 1.64 2.50 2.724 1.22 1.02 1.36 1.87 236 2.56 1.95 1.43 1.77 0.96 2.08 2.40 2.06 1.94 1.73

Table (5): Estimates of Heterosis over

traits under both conditions.

better-parent for the 10 barley crosses obtained from half diallel analysis in all studied

Entries 1 2 3 4 5
N S N S N S N S N S
P1 X P2 2.23% -10.14** 14.61%* 13.83%* 15.63** 13.74%% 20.34%* 12.50%* -50.0 NS -42.85 NS
P1XP3 5.03%* -3.68%% 10.39%* 21.66** 21.57%* 17.05%% 11.30%% 9.58%* 1428 NS 2222 NS
P1X P4 4.05%* 2.08%* 55.31%* -57.64%* “47.76%* -53.62%* 31.93%* 41.40%* 3571 NS 255.55 NS
P1XP5 7.99%* 5.04%* 48.95%* -51.39%% -30.14%* -44.26** -39.45%* 43.94%* 157.14 NS 33333 NS
P2 X P3 5.01% -835%* 821%* 15.96%* 15.96** 19.73%% 19.32%% 14.38% 3333NS 2857 NS
P2 X P4 1.81% 4.04%% 19.58%* 24.36%* 1331 14.79%* 12.30%* 9.15%* 25.0NS 57.14NS
P2 X P5 30.72%* 23.54% -49.37%* -53.63** -33.48%* -49.20%* -38.82%* -53.05%* 250.0 NS 585.71 NS
P3 X P4 -10.52** -10.96%% 23.42%* 15.26%* 15.17%% 8.19%* 10.78*% 14.49%* -17.64 NS ~45.45 NS
P3 X P5 4.77%* 10.13%* 25.07** 36.42*% -38.70%* -47.76%* -33.05%* ~46.66%* 70.58 NS 245.45 NS
P4 X P5 12.62%* 12.79%* 21.78** 27.75%* 28.65%* -36.07** -30.91%% 34.86%* 95.45 NS 7931 NS
LSD at 0.05 1.46 1.13 1.72 1.87 0.84 0.70 0.94 1.29 1.63 1.76
LSD at 0.01 2.13 1.64 2.50 2.724 122 1.02 136 1.87 2.36 2.56
Table (5):- Cont
Entries 6 7 8 9 10
N S N S N S N S
P1 X P2 15.46 NS 20.38 NS -80.0 NS -50.0NS -30.43 NS 28.50%* 17.15%%* 28.68%* 27.30%*
P1 X P3 35.97 NS 29.29 NS -40.0NS -50.0NS -28.20 NS 35.56%* 30.57%* 95.59%* 58.40%*
P1 X P4 -50.35* -58.91%* -13.33 NS 1100.0NS 17173 NS | -69.83** | -78.89** | -4130** | -69.02%*
P1 X P5 -59.71%* -66.87%* 540.0 NS 1750.0NS 145.65 NS | -73.97** | -81.79%* | -5498** | -7826%*
P2 X P3 24.16 NS 20.54 NS -60.0NS -50.0NS -38.46 NS 74.27%* 66.80%* 26.48%* 27.54%*
P2 X P4 52.08 NS 55.81%* -60.0 NS -65.0 NS -27.27 NS 45.34%* 41.66** 45.75%%* 112.29%*
P2 X P5 -51.66 NS -60.46** 540.0NS 2250.0NS 114.54 NS | -61.50%* | -70.48%* | -5941%* | -69.70%*
P3 X P4 15.94 NS 28.62 NS -28.57 NS -55.0 NS -12.82 NS 21.97%* 19.46** 52.79%* 75.65%*
P3 X P5 -53.87 NS -58.46 ** 285.71 NS 800.0 NS 19230 NS | -61.47*%% | -76.02%* | -4978** | -71.67%*
P4 X P5 -24.13 NS -20.45 NS 160.0NS 133.33 NS 44,76 NS -19.78** | -2532%*% | .23.67** | -18.95%*
LSD at 0.05 1.34 0.99 1.22 0.66 1.43 1.65 1.42 1.33 1.19
LSD at 0.01 1.95 143 1.77 0.96 2.08 2.40 2.06 1.94 1.73
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Table (6):- Estimates of General Combining Ability Effects for the 5- parent of Barley Entries for all studied traits under the
control and salinity conditions.

Entries 1 2 3 4 5
N S N S N S N S N S
P1 -23.67** -15.96%* | 13.56%* 11.07** | 45.06** 62.03*%* 4.11%* 6.08** -6.22%% | -B.43%*
P2 -43.57** -37.02%* 9.06%** 12.06** 10.04%** 14.73%* 7.03%* 5.13%* -1.68** | -2.07**
P3 -11.53%* -8.44%* 27.11%* 19.53%* | 31.93** 25.0%* 9.25%* 13.02%* -3.20%% | -5.04%*
P4 28.17** 40.05%* | -32.85%* | -21.72%* | -12.52%* | -54.61** | -8.25%* -7.92%* 6.41%* 12.89%*
P5 50.60%** 21.37*% | -16.88%* | -20.94%* | -74.51%* | -47.15%* | -12.14** | -16.31** 4.78%* 2.65%*
LSD at 0.05 (gi) 1.28 1.34 1.68 1.47 2.23 1.68 0.65 0.43 0.38 0.24
LSD at 0.01 (gi) 1.53 1.48 2.08 1.89 2.49 1.83 0.79 0.61 0.49 0.37
Table (6):- Cont.
Entries 6 7 8 9 10
N S N S N S N S
P1 13.42%* 11.33%* -3.68%* -1.94%* -3.86** 18.40%* 22.31%* 15.04** 9.27**
P2 25.87** 20.06** -6.83** -2.99%** -5.18** 13.07** 10.58%* 23.70%* 40.02%*
P3 84.11** 54.57** -9.28** -14.07** -8.32%* 8.37** 14.08** 11.07** 17.66%*
P4 -70.42%** -51.03** 8.46%* 13.75%* 9.42%* -26.52** -29.15%* -25.73%* -46.13**
P5 -52.98 -34.93** 11.33*%* 5.25%* 7.94%* -13.32%* -17.82%* -24.08** -20.82%*
LSD at 0.05 (gi) 1.63 1.38 0.89 0.38 0.94 1.25 1.09 1.16 0.74
LSD at 0.01 (gi) 2.18 1.82 1.05 0.65 1.26 1.78 1.83 1.57 1.19
Table (7):- Estimates of Specific Combining Ability Effects for the 10 Barley crosses of all studied traits under both
conditions.
Entries 1 2 3 4 5
N S N S N S N S N S
P1 X P2 -4.64** -6.11%% | 25.14*%*% | 61.03*%* | 6.38** 4.19%* 48.63%* 36.05%* -4.22%* -9.12%*
P1 XP3 -7.97%* -3.98** | 40.78%*% | 36.08** | 9.77** 11.02%* 14.93%* 20.11%* -11.06** -5.19%**
P1 X P4 3.31%* 9.11** - - - -3.15%* - -11.88%* 10.28%** 8.46*+*
13.20%* | 14.08** | 24.30** 21.34%*
P1XP5 17.64%* 4.18%* -6.64%* - -7.05%* -7.36%* - -29.47%* 9.81** 4.38%*
24.30%* 57.01*%*
P2 X P3 -12.55%* - 12.86%* | 5.38** 16.14%%* 5.99%%* 22.18%* 10.79%* -7.0%** -10.06**
15.94**
P2 X P4 -8.04** -8.05%* | 10.04** | 8.42%* 30.0%* 21.07** 40.0%* 5.78%* -3.78** -2.13%**
P2 X P5 2.36%* 12.37%* -15.69 - - -19.64** - -10.75** 5.87%%* 5.62%%*
72.45%* | 32.18** 46.73%*
P3 X P4 -10.11%* ] -5.03** | 21.02** | 17.55%* | 19.06** 7.88%* 52.61%* 39.37%* -14.03** -1.96**
P3 X P5 14.92%* 3.45%* - -7.63%% | -9.48%* -15.73%* - -33.06** 6.55%* 7.11%*
57.19%* 44.15%*
P4 X P5 5.08%* 10.0** - -10.0%* | -8.34** -4.27** -9.12%* -26.94** 7.58%%* 2.89%*
17.12%*
LSD at 0.05 1.32 1.58 1.39 1.12 1.72 1.54 1.71 1.42 0.73 0.55
(Si))
LSD at 0.01 (Sij) 1.65 1.83 1.48 1.29 2.13 1.83 2.19 1.65 1.04 0.81
Table (7): Cont.
Entries 6 7 8 9 10
N S N S N S N S
P1 X P2 4.77** 2.88** -27.06** -4.35** -14.92** 40.36** 31.19** 1.68** 5.22**
P1XP3 6.83** 10.07** -6.90** -9.11** -23.12** 28.15** 23.05** 2.19** 3.07**
P1 X P4 -20.30** -11.86** 17.80%* 3.91** 5.86%* -26.44** -39.85%* -4.11%* -2.39%*
P1 XP5 -9.45%* -14.27%** 11.06** 5.23%* 41.18** -47.58** -17.14** -3.29%* -4.16**
P2 X P3 13.92** 8.90** -3.41** -5.08** -6.03** 60.18** 43.0** 1.95** 1.80**
P2 X P4 11.09** 18.70** -12.34** -1.78** -27.92** 17.22** 14.10** 4.55** 2.06**
P2 X P5 -7.55%* -17.66** 4.69** 4.93** 8.82%* -24.83** -15.39%* -2.49%* -3.55%*
P3 X P4 3.79** 5.03** -1.79*%* -3.59** -3.87** 52.88** 71.09** 3.45** 1.47**
P3 X P5 -0.89 NS -0.39 NS 13.40%* 6.0%* 13.54** -73.08** -27.62%* -1.55%* -1.70**
P4 X P5 -2.21 NS -1.40 NS 4.55%* 3.84%* 6.46%* -26.86** -82.43** -2.38** -1.82%*
LSD at 0.05 2.34 2.11 0.66 0.48 1.16 1.55 1.73 1.39 0.97
(Sij)
LSD at 0.01 2.77 2.53 0.79 0.63 1.42 1.92 2.08 1.46 1.34
(Sij)

Molecular Characterization:-
The best five barley crosses used in molecular markers technique were as follows; Cross 1 or Hybrid 1: (P1 X P2), Cross 2 or
Hybrid 2: (P1 X P3), Cross 3 or Hybrid 3: (P2 X P3), Cross 4 or Hybrid 4: (P2 X P4) and Cross 5 or Hybrid 5: (P3 X P4),
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respectively. On this basis, the molecular markers step came as a very important step for coordination and interconnection
with traditional genetics (plant breeding) to determine the mechanisms of tolerance to salt stress in the promising genotypes of
the barley crop.

Profile of ISSR analysis

Ten ISSR markers in this investigation were very importance for determining all differences between barley entries. These ten
primers showed 100 bands, (Table 10; Fig.1). In the same track, the highest number of polymorphic bands (10) and
polymorphism % (100 %) were observed in primers SR-03, SR-12 and SR-21. Further, primers SR-01, SR-12 and SR-36
were recorded the highest rank of unique band (6, 7 and 4) for each one of them, respectively. Data generated in table (11)
detected that the cross one (H1) was exhibited the highest number of amplified fragments (63) followed by the cross number 3
(H3) where it recorded (61) bands, followed by the cross number 2 (H2) where it showed (60) amplified fragments and then
followed by the cross number 5 (H5) where it recorded (59) bands, respectively. While, the parent number one (P1) was
recorded a little rank of fragments (42). While, the rest barley accessions generated various numbers of amplified fragments.
In the same track, the primer SR-03 exhibited the highest number of amplicons (93). Also, the SR-08 marker recorded a little
level of fragments (21) for ten barley entries. These data are a good and direct indication of the importance of these markers in
determining salt stress tolerance mechanisms in promising high-yielding barley hybrids under Egyptian conditions. Further,
these hybrids will represent high-yielding barley lines in the future and have a high ability of environmental stress tolerance,
especially salt stress. The strategy of integrating traditional breeding programs and molecular markers has largely succeeded
in developing and improving the tolerance of a large number of crops, such as rice, wheat, maize, sorghum, fava beans,
soybeans, sugarcane, and sugar beets to environmental stresses such as heat, light, and water and salt stresses. As well, the
resistance of these crops to a number of a large number of diseases.

Table (8):- Estimates of some Genetic Parameters for all Studied Traits in Barley Genotypes under normal and salinity
conditions.

Genetic plant height (CM) Number of filled 1000-grain weight Grain yield/plant Na content (ppm) K+ content (ppm) Na/K ratio Osmotic Proline Content Glycine Betaine
Parameters grains/Spike (gm) (gm) adjustment Content
N S N S N S B S N S N S N S s N S
Mean 9599 8587 5019 4059 4218 3573 2026 3352 0207 0214 2151 2278 0.14 0171 0761 40.19 275 39.02 1473
Genotypic 243 345 1217 7.05 565 2.62 579 772 133 184 7.60 183 471 327 501 2212 18.99 583 678
Variance
Environmental 112 067 155 183 037 026 046 087 138 62 094 051 078 023 107 142 105 093 074
Variance
Phenotypic 360 412 1372 888 602 288 625 859 271 346 854 534 549 350 617 2354 20.04 676 752
Variance
Heritability in 6888 8373 8870 7939 9385 9097 9264 89.87 29.07 537 88.99 9044 [19 9342 8119 9396 9476 86.24 90.15
Broad Sense
(GCV %) 164 216 695 654 563 153 597 828 557.12 63386 128.16 9647 | 1550.18 | 105749 29412 EQ 10.19 618 582
(PCV %) 197 236 738 734 581 174 620 874 795.26 869.20 13585 10144 [ 1673.62 | 1094.05 326.40 12.07 1047 6.66 613
CH 033 02 043 0.80 018 021 023 046 23814 23534 769 197 12344 | 3656 3228 037 0.8 048 031
GAor (Expected 188 351 679 489 476 319 478 542 167 2.04 537 132 415 361 a7 942 877 163 S0
genetic advance)
GAM or (Genetic 195 209 1352 12.04 128 892 187 1622 806.76 95327 249.65 189.64 | 296428 | 201111 547.96 2343 2051 1186 1142
advance as
percentage of
mean) %

Table (9):- Estimation of the salinity tolerance indices parameters for all barley accessions especially for grain yield trait
under both conditions.

Genotypes 1 2 3 4 5 6 7 8 9
P1 43.75 38.16 0.87 1.13 40.95 1.029 40.85 0.13 0.77
P2 46.0 41.28 0.89 1.23 43.64 1.171 43.57 0.11 0.65
P3 44.95 40.37 0.89 1.20 42.66 1.119 42.59 0.11 0.65
P4 36.42 27.05 0.74 0.80 31.73 0.607 31.38 0.26 1.55
P5 31.45 24.59 0.78 0.73 28.02 0.477 27.80 0.22 1.31

P1 X P2 55.36 46.44 0.83 1.38 50.9 1.585 50.70 0.17 1.01
P1 X P3 50.03 44.24 0.88 1.31 47.13 1.365 47.04 0.12 0.71
P1 X P4 29.78 22.36 0.75 0.66 26.07 0.410 25.80 0.25 1.49
P1 X P5 26.49 21.39 0.80 0.63 23.94 0.349 23.80 0.20 1.19
P2 X P3 54.89 47.22 0.86 1.40 51.05 1.598 50.91 0.14 0.83
P2 X P4 51.66 45.06 0.87 1.34 48.36 1.435 48.24 0.13 0.77
P2 X P5 28.14 19.38 0.68 0.57 23.76 0.336 23.35 0.32 1.91
P3 X P4 49.80 46.22 0.92 1.37 48.01 1.419 47.97 0.08 0.47
P3 X P5 30.09 21.53 0.71 0.64 25.81 0.399 25.45 0.29 1.73
P4 X P5 25.16 17.62 0.70 0.52 21.39 0.273 21.05 0.30 1.79
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Fig 1. The inter-simple sequence repeat (ISSR) amplification pattern obtained in the ten barley genotypes namely 1:
Parent 1 (Line one), 2: Parent 2 (Line two), 3: Parent 3 (Giza 121), 4: Parent 4 (Giza 126), 5: Parent 5 (Giza 2000), 6: Cross 1
or Hybrid 1: (P1 X P2), 7 :Cross 2 or Hybrid 2: (P1 X P3), 8: Cross 3 or Hybrid 3: (P2 X P3), 9: Cross 4 or
Hybrid 4: (P2 X P4) and Cross 5 or Hybrid 5: (P3 X P4) using the ten ISSR primers namely;

SR-01, SR-03, SR-04, SR-08, SR-11, SR-12, SR-13, SR-21, SR-36 and SR-41, respectively.
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Table 10. Band variation and polymorphism percentage in the eight barley genotypes using 10 ISSR primers

No. ISSR | TB [MB | P.B | UB P % R.S (bp) Sequence Abbrev. Mer
primers

1 SR-01 10 1 9 6 90.0% 977-217 ACACACACACACACACC (AC)8C 17
2 | SR-03 10 0 10 0 100.0% 4409-260 ACACACACACACACACT (AC)8T 17
3 SR-04 10 7 3 3 30.0% 851-343 ACACACACACACACACYA (AC)BYA 18
4 | SR-08 10 1 9 1 90.0% 528-289 AGAGAGAGAGAGGG (AG)6GG 14
5 SR-11 10 1 9 1 90.0% 1246-310 AGAGAGAGAGAGAGAGT (AG)ST 17
6 SR-12 10 0 10 6 100.0% 1274-261 AGAGAGAGAGAGAGAGYA | (AG)BYA 18
7 | SR-13 10 1 9 3 90.0% 568-168 AGAGAGAGAGAGAGAGYC | (AG)BYC 18
8 SR-21 10 0 10 3 100.0% 1285-289 CACACACACACACACAT (CABT 17
9 | SR-36 10 3 7 4 70.0% 1245-211 GACAGACAGACAGACAWC | (GACA4WC 18
10 | SR-41 10 7 3 3 30.0% 1041-607 TCTCTCTCTCTCTCTCA (TC)8A 17

Tota 100 | 21 79 30 79.0% 4409-168

T.B: Total bands, M.B: Monomorphic bands, P.B: Polymorphic bands, U.B or P.S.M: Unique bands or positive
specific marker, P%: Polymorphism percentage and R.S (bp): Range size

Table 11. Total bands produced from each primer for 10 barley entries and all amplified fragments in each genotype.

. Primers

Genotypes | SR-01 | SR-03 | SR-04 | SR-08 | SR-11 | SR-12 | SR-13 | SR-21 SR-36 SR-41 *
P1 8 7 1 1 2 6 3 5 6 3 42
P2 9 10 1 2 8 7 3 5 8 3 56
P3 9 9 6 2 6 4 3 2 8 3 52
P4 8 12 6 2 8 7 5 5 2 2 57
P5 7 10 5 2 8 6 3 6 7 3 57
H1 9 9 6 2 9 7 5 6 7 3 63
H2 8 11 6 2 10 7 5 6 3 2 60
H3 9 9 6 2 8 7 6 5 7 2 61
H4 8 9 6 2 8 6 3 5 8 3 58
H5 10 7 6 4 7 7 3 5 7 3 59
Total 85 93 21 74 64 39 50 63 27 565
Bands 49

P: Parent, H: Hybrid.

Data observed in table (12) showed 30 unique markers or specific markers divided into (27) negative and (3) positive markers
and distributed as follows six negative markers for SR-01 primer at molecular size 977 bp in the barley genotypes (P2, P3,
H1, H2, H3 and H4), respectively. Also, three unique bands were showed for SR-04 primer where two positive markers at
molecular size 412 bp were obtained in the parents (P1 & P2) and one negative markers was generated in (P5) at molecular
size 680 bp, respectively. Further, one positive marker at molecular size of 528 bp in (P1) and 1 negative unique band (1246
bp) in (H1) were produced through the two primers; SR-08 and SR-11, respectively. In the same track, the primer SR-12 was
recorded six negative markers at molecular size of 1274 bp for the barley accessions; (P2, P4, H1, H2, H3 & HY),
respectively. In the same context, three negative unique bands showed in SR-13 marker at molecular size of 448 bp for the
barley entries; (P2, H1 & H2), respectively. Also, three negative markers were showed by the primer SR-21 in the genotypes;
(P5, H1 & H2) at molecular sizes of 1285 bp for (P5) and 318 bp for the other two barley genotypes; (H1 & H2), respectively.
The primer SR-36 generated four negative specific markers as follow; two negative markers for the genotypes (P5 & H1) at
molecular size of 1245 bp and the other two negative markers for the barley accessions; (H3 & HS5) at molecular size of 818
bp, respectively. Finally, three negative markers with size 1042 bp were generated in the barley accessions; (P4, H2 & H3)
using SR-41 primer, respectively.
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Table (12):- Mapping of positive (P) and negative specific markers for the 10 barley genotypes using 10 ISSR primers.

ISSR MS(bp) ‘ Parent | Parent | Parent | Parent ‘ Parent ‘ Hybrid ‘ Hybrid ‘ Hybrid ‘ Hybrid‘ Hybrid (PorN)
Primers 1 2 3 4 5 1 2 3 4 5 Marker
977 + - + + + + + + + + Negative
(P2)
977 + Negative
SR-01 + + - + + + + + + (P3)
977 + Negative
+ + + + + - + + + (H1)
977 + Negative
+ + + + + + - + + (H2)
977 + Negative
+ + + + + + + - + (H3)
977 + Negative
+ + + + + + + - (H4)
412 + - - - - - - - - - Positive (P1)
SR-04 412 B + - . - - - . . - | Positive (P2)
680 + Negative
+ + + - + + + + (P5)
SR-08 528 + - - - - - - - - - Positive (P1)
SR-11 1246 + Negative
+ + + + + - + + + (H1)
1274 + Negative
+ - + + + + + + + (P2)
1274 + Negative
SR-12 + + + - + + + + + (P4)
1274 + Negative
+ + + + + - + + + (H1)
1274 + Negative
+ + + + + + - + + (H2)
1274 + Negative
+ + + + + + + - + (H3)
1274 - Negative
+ + + + + + + + + (H5)
448 + Negative
SR-13 + + + - + + + + + (P2)
448 + Negative
+ + + + + - + + + (H1)
448 + Negative
+ + + + + + - + + (H2)
1285 + Negative
SR-21 + + + + - + + + + (P5)
318 + Negative
+ + + + + - + + + (H1)
318 + Negative
+ + + + + + - + + (H2)
1245 + Negative
SR-36 + + + + - + + + + (P5)
1245 + Negative
+ + + + + - + + + (H1)
818 + Negative
+ + + + + + + - + (H3)
818 - Negative
+ + + + + + + + + (H5)
SR-41 1042 + Negative
+ + + - + + + + + (P4)
1042 + Negative
+ + + + + + - + + (H2)
1042 + Negative
+ + + + + + + - + (H3)
Range 1274-
318
Total 2 27 (Negative)
2 3 1 3 3 6 5 4 1 + 3 (Positive)

P: Positive, N: Negative, MS: Molecular Size
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Similar Indices and Cluster Analysis:

Data observed in table (13) exhibited 45 relationships between 10 barley accessions revealed about similar. The values were
0.500 to 0913 with an average of (0.706). The highest level of was (0.913) within (P5 & H4) and the lowest limit was (0.500)
within (P1 & P3). Other high and optimum means generated in this regard for example among (P4 & H1) (0.800), (P5 & H1)
0.857), (H1 & H2) (0.846), (H1 & H3) (0.875), (H1 & H4) (0.841), (H1 & HS5) (0.800), (H2 & H3) (0.815) and (H3 & H4)
(0.868). These results confirmed the fruitful role of correlated indices of all barley entries and its role of salinity tolerance in
the future through the steps of traditional and modern techniques of genetics. Data of phylogenetic tree (Fig, 2) revealed the
result of 10 barley entries were contained two main cluster where the first one was (P1) only. While, the second cluster had
two sub-cluster. The first one was (P3) only and the second sub-cluster divided into two sub-sub-cluster. Where, the first one
were the barley genotypes; (P4 & H2) only. While, the second sub-sub-cluster were included the rest barley accessions. These
findings confirmed the essential and vital role of this analysis for showed all relationships among the ten barley accessions
which exhibited highly rank of salinity tolerance under Egyptian conditions. Also, these results will help the breeders for
screening the promising accessions that achieved high similar besides, all attributes under study for the two experiments.

Table 13. Genetic similarity % in the ten barley genotypes using 10 ISSR Primers.

Genetic Similar | P1 P2 P3 P4 P5 H1 H2 H3 H4 H5
P1 1.0
P2 0.709 1.0
P3 0.500 0.629 1.0
P4 0.548 0.692 0.537 1.0
P5 0.627 0.803 0.688 0.723 1.0
Hl1 0.629 0.825 0.661 0.800 0.857 1.0
H2 0.523 0.738 0.582 0.885 0.716 0.846 1.0
H3 0.622 0.765 0.656 0.796 0.825 0.875 0.815 1.0
H4 0.610 0.786 0.728 0.707 0.913 0.841 0.727 0.868 1.0
HS5 0.714 0.774 0.634 0.723 0.750 0.800 0.716 0.796 0.790 | 1.0
Similarity
3 a =] > 3 &K 8 &
P2
| P5
H4
H1
H3
H5
P4
H2
P3
P1
UPGMA

Nei-Li’s similarity coefficient

Fig. 2: Dendrogram representing the genetic relationship between the ten barley genotypes using UPGMA cluster analysis of
Nei-Li’s similarity coefficient generated from the 10 ISSR prime
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3. Discussion:-
Ancient sciences, such as plant breeding or traditional genetics, are still among the most important scientific methods and

means that light the way for the public of researchers with the aim of improving field crops. Despite their age, these methods
have been able to develop degrees of tolerance and resistance of various crops to environmental and biotic stresses. In this
regard, we address the science of plant breeding in developing a group of promising barley hybrids that represent the original
materials in manufacturing the barley accessions resistant of salinity, especially in the valley and delta region. The problem of
increasing degrees of salt stress has become one of the environmental challenges that hinder agricultural development paths,
especially in countries whose economies depend primarily on agricultural output, such as the Arab Republic of Egypt. If we
look carefully at the causes of this serious environmental challenge, we find that the only reason for high soil salinity is water
stress, especially the scarcity of water sources necessary for agriculture and the washing of the soil content of accumulated
salts, which cause toxicity to a large number of field crops sensitive to salt stress, such as barley crop which be the strategy
food crops in the present time, especially given the inability of wheat to fully meet the critical needs of the bread industry.
Therefore, the strategy of launching this investigation was very effective in producing barley accessions that are highly
resistant and tolerant to salt stress and have high yield at the same time [2 , 8]. Based on this crisis, it was necessary for
scientists and researchers to quickly develop new barley lines that would confront the high salt stress in Egyptian soil, which
began to increase in frequency, especially in the past few years. The logical protocol in this regard is to first select the ideal
barley genotypes resistant to salinity besides their final output, with aim of crossing it with other sensitive entries and lines to
produce new promising hybrids classified tolerant. Also, it will represent actual nucleus for the production of future barley
varieties that are excellent in terms of stress tolerance salty and high yield as well and this is the greatest goal in this study
which will be discussed in some detail by explaining the total results presented previously [9 , 10]. Therefore, the previous
primers have actually succeeded in providing the highest polymorphism percentage among the ten barley genotypes (The five
parents and the five best hybrids in terms of tolerance to salt stress and also for the rest of the traits under study). Therefore,
these primers succeeded in identifying molecular genetic differences between previous genotypes and could be considered as
classification tools for promising barley accessions at the molecular level in terms of tolerance to salt stress. Further, this
clearly confirms the importance of molecular markers in understanding and expressing genetic action or molecular genetic
responses and also genetic differences in the plant community in table (11), [53]. Data viewed in table (3) confirmed that
each of additive and dominance effects considering an importance chance for enhancing the ability of stress tolerance under
both conditions and were impacted for increasing the ability of salinity withstand in barley accessions. Decreasing limit of
general and specific combining ability effects than the unit in all studied traits under both conditions would be reflected an
importance function of Dominance effect in inheriting and improving all traits for salinity tolerance. Further, the optimum
method of plant breeding using for genetic improvement these materials for salinity tolerance was selection method by bulk
method not pedigree method [8 , 15, 32- 35 ]. After listing the most important results shown in table (4) indicated the superior
barley materials which have already succeeded in achieving a significant and striking tolerance for salinity stress under saline
treatment compared to the control experiment. It was found that the mechanism of excellence centered in giving promising
mean values for a group of physiological traits besides some agro-morphological traits. On top of the physiological characters
comes decreasing the limit of Nat+ content in leaves comes in first followed by increasing the high level of K+ content
followed by decreasing of the percentage of Na/K ratio in the leaves followed by decreasing the limit of osmotic adjustment
and then followed by producing the highly rank of biochemical traits content. Where, salinity-tolerant genotypes can by the
root system reducing the level of sodium entry and increasing potassium content responsible for positive functions that are
very important to cells and metabolism processes. As well as, the genotypes tolerant to salinity can modify the osmotic
pressure by reducing and convert it from high pressure to low osmotic pressure (osmotic adjustment) by inserting some
components. These components would do this purpose in order to preserve the water level and prevent water from leaving the
inside of the cell to the outside besides preventing from reaching to the plasma stage. In this context, it was also found that the

hereditary structures that are tolerance and resistant to this environmental stress can form compounds and organic acids that
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would achieve the cause of endurance and resistance such as proline and glycine betaine contents in leaves with high level. As
well as, they try to maintain a high yield under salinity stress compared to natural conditions [9, 10, 13, 14, 36-39, 40, 41]
in table (5). Data cleared in table (6) may be pointed to the fruitful interaction and inheriting the same attributes under study
besides, enhancing salinity withstand in barley genotypes. Also, data observed in table (7) indicated the importance of diallel
analysis in enhancing the same genetic function for raising salinity tolerance efficiency in improved and superior crosses of all
studied traits in this investigation [3 , 35, 42 , 43 , 44]. There is no doubt that estimating the genetic components has the
greatest credit for determining the efficiency degree of the simple selection process that follows each segregation generation.
This stage determines the quality of traits required for highly genetic improvement to salinity tolerance in barley genotypes
table (8). Therefore, the science of plant breeding to face adverse environmental conditions played this successfully role in
hunting genes responsible for inheriting the quantitative traits desired in this regard. Results obtained in table (8) confirmed
that the greatest part of phenotypic variance was genotypic variation indicated that environmental factor was weak for
controlling the previous traits in this context. High values of heritability in broad sense for all traits studied except Na+
content under both conditions means that the biggest role of additive gene action for enhancing salinity tolerance in these
traits. While, the medium limit of heritability observed in Na+ content only indicated the efficiency of dominance effect for
controlling salinity tolerance in this attribute. While, the second group of traits which exhibited high gap among PCV% and
GCV% confirmed that environmental variance had a great and a significant impact for inheriting these traits under both
experiments. High values of genetic advance (GA) showed in most traits under both conditions confirmed the fruitful step for
both types of gene action for increasing besides, enhancing salinity tolerance in barley entries. This case may be revealed a
little function of single plant selection for inceasing genetic improvement in these two traits in the previous barley materials
[15, 43- 46]. Results of salinity tolerance indices test in table (9) demonstrated that these previous genotypes were not only
tolerant to salinity but were also promising and superior to the point where they became the true nucleus of high-yielding
barley varieties and tolerated for a high level of seawater salinity. Because it has already succeeded in reducing the rate of
losing and decreasing in the final yield under the level of salinity compared to the natural conditions. Moreover, it has already
given a good output indicates that these crosses must continue to be cultivated for several segregation generations with the
simple selection after each generation. Ultimately reaching to lines classified as highly environmentally and genetically
stability, high-yielding under salinity conditions and this is the desired goal of this study [13, 15, 42, 43, 47]. In the same
context, plant breeding by mutations had effective success in improving the tolerance of a large number of strategic crops to
abiotic stress such as wheat [48]. Further, a large number of studies have also been launched on the tolerance of crops such as
rice to heavy metals toxicity [49] besides, also enhancing some quality traits in rice [50]. In the end, plant breeding research
also had a great role in promoting field crops to resist various diseases, especially in lupins [51] and potato [52]. Molecular
genetics, using molecular markers has achieved a major scientific leap in the field of identifying genetic differences between
varieties and different genotypes at the molecular level. Further, identifying plant lines that contain genes for tolerance to
environmental stresses, such as water and salt stress. This effective technology has also achieved great progress in the field of
improving various field crops with the aim of increasing their ability to resist biotic and abiotic stresses besides, obtaining the
highest output from it. On this basis, the use of molecular markers is an effective tool in the field of genetic engineering and
genetic improvement in plants using genetic modification pathways [41 , 46 , 48 , 53]. This is what called for the use of the
ten ISSR primers in this investigation with the aim of identifying the molecular basic that is cause salinity tolerance in the
promising barley hybrids which achieved excellent results in terms of tolerance and also in terms of yield and its components
traits. For unique markers, SR-01, SR-12 and SR-36 primers have been able to achieve great success by distinguishing among
the ten promising barley genotypes through generating 30 distinct genetic markers or specific markers where they produced
the highest rank of unique bands (6, 7, 4) for each one of them in table (10), respectively. These markers are considering a
good indication for identifying promising genotypes that are tolerant to salt stress in barley hybrids, which after several

segregation generations of cultivation may reach the highest rate of stable and genetic stability to be barley lines that are
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highly tolerant to salt stress and besides, its high yield [48 , 53]. Based on these results, it can be said that specific markers has
had a great role in the fields of plant breeding, especially those related to methods for improving crops to confront
environmental stresses such as water and salt stress besides, high toxicity of heavy metals. However, in this investigation, 31
unique bands played a major role in identifying barley genotypes that are tolerant to salt stress, so that these markers can be
easily tracked in the future and also used to transfer salt stress tolerance genes to other more sensitive varieties and lines.
Thus, this aims to produce barley accessions that have a highly output as well, tolerance to any degree of salt stress, table (10),
[48 , 53]. Further, data obtained in table (11) referred to SR-01, SR-03, SR-11 and SR-12 primers succeeded of exhibited
highly number of amplified fragments among the ten barley genotypes where the bands number were (85, 93, 74 , 64) for each
one of them, respectively. These results actually confirmed that the four aforementioned ISSR primers had a very high genetic
ability to differentiate between the different barley accessions of at the molecular level. Therefore, this indicates its superior
scientific ability for scientific use in plant breeding programs and the search for genes that tolerate environmental stresses in
field crops in general and in barley in particular [1, 2, 5]. Looking more closely at this ISSR markers technique, it was
observed that this method has achieved great success and is highly effective in improving the degree of tolerance of plants,
especially field crops, to environmental and biotic stresses. Where, it had a large share in raising the degree of tolerance of
rice to salt stress [53], increasing the resistance of the lupine crop to diseases [51], and the tolerance of barley to water and salt
stress [2, 8, 32], increasing the degree of salinity and drought tolerance in wheat [1 , 5], research To a greater degree in the
extent of genetic diversity of soybean accessions [44] and other various crops. There is no doubt that this successful amount
of results that have been presented so far is a vital and effective reflection of the integration of improving salt stress tolerance
of some barley genotypes using traditional plant breeding methods using simple hybridization programs and also modern ones
using biotechnology methods through the successful use of molecular markers (ISSR primers), which have already succeeded
in finding molecular genetic differences that distinguish genotypes that are tolerant to salt stress from those that are sensitive
to this serious environmental challenge. Therefore, this successful path in barley breeding may ultimately lead to the
production of promising barley lines in terms of tolerance and high yield as well [1, 2, 5]. In this same context, this scientific
strategy of integrating the sciences of plant breeding and modern molecular genetics has led to the production of barley
varieties with high tolerance to environmental stresses such as water and salt stress, as well, resistance to a large segment of
diseases. Further, these cultivars have become accessible to farmers in Egypt and achieve high productivity despite the
increasing level of salinity in Egyptian soil [1, 2, 5]. Also, the importance thing in this regard is determine the limit of
environmental and genetic compatibility between ten barley genotypes under study (the parents and the five best hybrids in
terms of drought resistance and high yields for the two conditions in table (12) and Fig.(2). This study was largely expressive
of the extent of closeness or similar and also genetic divergence between barley accessions, because this trend is of great
importance in determining which of them will be environmentally and genetically compatible for cultivation and growth
together, unlike those hybrids that are far apart from their parents, and it is not recommended to cultivate them together in the
future. For example, but not limited to, the results confirmed that the parent number five was very similar to the hybrid
number four with similar % (0.913) and were fell together in the same cluster. This was the highest percentage of closeness
and genetic compatibility in this regard, which shows that they will be compatible with each other for cultivation and growth
together, as this hybrid (P4) reaches genetic stability in the future. Further, the presence of many examples of genetic
compatibility in table (14) that indicate this matter. Also, the first and third barley hybrids had a compatibility rate that
reached to (0.875 %) of similar and were in the same cluster that they were compatible with each other. This confirms that
they will later be genetically compatible in all genetic and physiological aspects in terms of tolerance to salinity stress besides,
its high yield, table (13) and Fig. (2), [1, 2, 5, 53]. The problem of environmental stresses, especially water and salt stress, are
serious environmental challenges that must be at the top of the list of countries’ priorities in dealing with them, or at least in
trying to contain them and reduce their destructive effects on the national economy represented by the agricultural output of

field crops, especially barley. This is what was called for by the urgent and necessary need to launch this specialized study on
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improving tolerance to salt stress in the barley crop especially in the valley and delta regions within the scope of Egyptian
agriculture. Accordingly, the aspects of this study were varied, covering the yield components, physiological, and molecular
genetic aspects in an attempt to determine the genetic evidence that characterizes the genotypes that are tolerant to salt stress
in the barley crop. Therefore, it has already succeeded in developing five barley hybrids that are tolerant to salt stress and have
high yield under high salinity conditions using salty seawater compared to the standard experiment. Also, its tolerance to high
salinity was confirmed after evaluating a significant number of genetic and physiological tests and salinity stress tolerance
indices, all of which confirmed its tolerance to salt stress. This was presented and explained in detail previously. This is
considered a good integration of traditional plant genetics and biotechnology in improving barley crop to salt stress tolerance.
The previous results would be revealed that the traditional plant breeding and molecular markers using ISSR primers
technique were played an importance role for enhancing the ability of salinity stress tolerance in barley accessions under
study. Thus, this complementary among the previous two genetics methods was very fruitful in improving a large number of
Egyptian crops to tolerate and resistant abiotic and biotic stress under Egyptian conditions. Also, the continuous of this
strategy in barley crop will solve the problem of salinity tolerance in the region which contain a highly rank of salt and heavy
metals such as the north of delta and the regions which nearing from the sea. These successes in the field of improving the
barley crop to confront environmental stresses, especially salt stress, are an important bridge to collect quantitative traits
containing genes for high yield and to confront salt stress in genetic compositions that are promising for the barley crop. As
well, hybrids, which are barley varieties in the future, after they reach genetic consistency and stability. Environmental.
Egyptian universities and research centers have played a pivotal role in this regard through importing wild lines and varieties
of barley from their original areas of origin and wild pastures, with the aim of transferring salt stress tolerance genes to local
entries and varieties sensitive to this environmental factor within the National Hybridization Program at the Field Crops
Research Institute. Accordingly, a large genetic base was created for plant breeders, especially barley breeders, through which
they can choose the strongest and most suitable genetic combinations to enter into the hybridization program.

4. Conclusion

The strategy of this study centered on a serious attempt to genetically improve tolerance to salt stress in some promising
barley genotypes under salt stress condition compared to natural conditions. The most important results obtained can be
summarized in the following points: - 1):-Developing some barley hybrids that are tolerant to salt stress, after confirming this
scientific fact through physiological evidence of salt stress tolerance. 2:- All results of yield components and physiological
traits demonstrated the tolerance of barley hybrids under stress conditions compared to the standard experiment. 3):- The
results of ISSR markers demonstrated the presence of genetic evidence at the molecular level in the five tolerant barley
hybrids, and this represents a major shift in this regard.
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