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ABSTRACT

In light of the risks and challenges facing Egyptian national security, it was found that there are two
strategic crises that dominate the Egyptian scene, namely the limited irrigation water and the large
deficit in Egyptian bread production. Also, it is noted that the wheat crop is very sensitive to drought
stress, especially in the valley and delta regions and areas close to the sea coast. This large deficit in
irrigation water causes great damage to the final yield which amounts to 50%. Since, the wheat crop
represents the backbone of Egyptian bread production, bread production is severely damaged and
affects the vast majority of Egyptians. For all these reasons combined, this investigation was launched
with the aim of attempting to genetically improve some wheat entries that are sensitive to drought and
raise their tolerance to it besides, reach wheat hybrids that are superior in yield and water stress tolerance
so that these entries become new wheat lines in the future. Further, these wheat lines can participate
significantly in bridging the large gap in the production of Egyptian bread.
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Introduction

Water stress is considered one of the most serious environmental challenges that threatens
agricultural production locally and globally as well. This crisis is at the top of the priorities of countries
whose national economy and development depend on agricultural production, such as the Arab
Republic of Egypt. On this basis, extensive efforts began by a very large sector of scientists and
researchers to try solving this serious environmental problem or reduce its pace in a way that guarantees
a reasonable output for agricultural crops (Ahluwalia et al., 2021). Also, it was found that the crisis of
water scarcity necessary for irrigation and agriculture has caused an increasing of soil salinity rate,
which hinders the growth of field crops and reduces their productivity significantly, and on top of these
crops comes the wheat crop because of this strategic crop, it is of nutritional importance locally and
globally, (Khatab et al., 2021 a). Further, that the limited irrigation water in the northern Delta regions
of Egypt played a major role in the high level of soil salinity and irrigation water, and this represents a
major threat to the growth of winter crops such as wheat and barley. Drought stress, especially severe
water stress causes a severe decrease in the final wheat output, which may reach from 50 to 60% and
this is considered a major destruction of the final product of this strategic crop, (Kizilgeci et al., 2021).
Also, the results of a lot of papers conducted in an attempt to produce new plant accessions tolerant to
drought are still in their infancy and face many practical obstacles. The reason for this is that the trait
of tolerance or resistance to water stress is a complex quantitative trait that depends on the inheritance
of a very large number of genes, which are scattered in different genotypes, (Arora 2019). Despite this,
many studies have been launched to combine the sciences of plant breeding and molecular genetics or
biotechnology as an attempt to produce high-yielding modern wheat lines that are tolerant to salt stress
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through using the technique of genetic transfer of the tolerance trait from wild entries to sensitive local
varieties, and the results were very promising. When studying the problem of water stress, we must first
learn about the physiological, biochemical and yield components attributes responsible for the tolerance
trait to this environmental factor. Physiological traits such as osmotic pressure, osmotic adjustment,
chlorophyll content, leaf area index and early maturity besides, some biochemical cattributes such as
proline, glycine betaine, trehalose contents and other parameters are considered extremely important in
screening and selecting the best resistant accessions, (Al-Kordy et al., 2019). Drought tolerance indices
especially for grain yield/plant are considering the most important physiological tests that show the
ability of the genotype to environmental stresses tolerance, especially to water stress and give a quick
overview of the expected output, (Tawfik & El-Mouhamady 2019). On the other hand, molecular
genetic markers are one of the most important aspects of the current study, as it addressed the genetic
mechanisms at the molecular level responsible for water stress tolerance in wheat, after identifying it
and this will be reviewed in some detail. Results conducted under natural conditions and both salt and
water stress treatments demonstrated that some rice entries especially the tolerant ones had given
promising data for environmental stresses tolerance especially GZ1368-S-5-4 and Giza 178, (El-
Mouhamady 2003 & 2009). The modification of gene expression responsible for salinity stress
tolerance in wheat was studied by (El-Seidy et al., 2013) through identification some genes were the
genetic basis for this tolerance. Field and physiological tests, especially water stress tolerance indices
were strong evidence of the tolerance in some maize varieties to drought during using some modern
applications of ISSR markers, (Esmail et al., 2016). Studying the effect of the toxicity of salts and heavy
metals was one of the most important studies that was conducted with the aim of determining the safe
level of rice cultivation in some areas of the northern Delta by conducting all physiological and
biochemical tests. Further, measuring indicators of tolerance to heavy metal toxicity besides, identifying
the most important molecular genetic mechanisms responsible for tolerance through using RAPD
markers, (Heiba et al., 2016 a). Also, the technology of creating mutations in bread wheat was studied
using RAPD and ISSR markers through using the various doses of EMS and the results were very
promising, as wheat mutations with high tolerance to environmental stresses, especially water stress
were create, (Heiba er al, 2016 b). Many extensive studies have been conducted to study the
physiological behavior related to tolerance to environmental stresses, especially water stress, such as
the investigation conducted on rice to determine the genetic behavior related to drought tolerance
through the use of a selected group of varieties and hybrids through the use of ISSR markers,
(Eldessouky et al., 2016) Results were promising in the presence of molecular genetic evidence or
special markers or unique fragments linked to tolerance of some rice accessions in the first generation.
Also, relying on the chlorophyll pigment composition content as an important physiological indicator
of water stress tolerance in wheat was of great importance. Where, the tolerant varieties proved that it
can provide a strong chlorophyll content as well, produce the nitrogen element necessary to build sugars
and important nutrients for the seedlings during the germination stage, (Kizilgeci et al., 2021). The
wheat crop is considered very sensitive to water stress during the flowering and grain filling stages.
This confirms beyond doubt that water stress affects all stages of plant growth, starting from
germination and seedling formation, through grain filling until the harvest stage and this is the main
reason for the significant deterioration in the final grain yield, (Gupta et al., 2024). After all of the
above, we can briefly explain the aim of this investigation, which revolves around genetic improvement
of the wheat crop to confront the threat of water stress through ancient plant breeding methods and
modern molecular genetic techniques, especially molecular genetic markers using ISSR primers.

2. Materials and Methods
2.1. Materials

The present investigation was carried out under two conditions (The normal and water stress
conditions) in 2020 season. Each location was included using 15 wheat entries (the five wheat parents
and their ten F1 wheat crosses) through half diallel analysis. Further, the five wheat cultivars with
various reaction for drought tolerance, table (1). The first experiment was normal irrigation or control
treatment of wheat crop in winter season where the first irrigate was at agriculture time and the other
four irrigates were with one month intervals at Al-Noubaria Farm in Beheira Governorate. While, the
second treatment was two irrigates. Where, the first one was at sown time and the second one was after

562



Middle East J. Agric. Res., 13(3): 561-577, 2024
EISSN: 2706-7955 ISSN: 2077-4605 DOI: 10.36632/mejar/2024.13.3.29

45 days from agriculture and no irrigation was done till harvesting (Low put system). The two
experiments were isolated from each other one.

Table 1: Classification of the five Wheat Parents used in a half diallel analysis.

Serial No. Names of Genotypes Origin Reaction to Drought tolerance
1or (P1) Sakha 8 Egypt Tolerance
2 or (P2) Misr 1 Egypt Tolerance
3or (P3) Sakha 94 Egypt Moderate
4 or (P4) Gimeaza 11 Egypt Moderate
5or (P5) Gimeaza 12 Egypt Moderate

2.1.1. Sowing

The five wheat 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 seasons 2018 and 2019 to obtain a large
quantity of first generation hybrid seeds. All entries (parents and their F1 crosses) were grown under
normal and drought conditions in a randomized complete block design with three replicates for each
experiment in season 2020.

2.1.2. Studied traits

Fifty plant were taken from each genotype for the two experiments (normal and drought treatments)
to evaluate the following traits:
1): Number of filled grains per panicle: Filled grains of the main panicle with separated and counted.
2):1000-grain weight (g): It was recorded as the weight of 1000 random filled grains per plant.
3): Grain yield per plant (g): was recorded as the weight of grain yield of each individual plant, and

adjusted to 14% moisture content.

4): The proline content: was determined from a standard curve and calculated on a fresh basis is as
follows: [(pg proline / ml C m1 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 Chinard (1942) and modified method by Bates ef al. (1973).

5): Glycine betaine content: - It was carried out according to the method of Grieve & Grattan (1983).
6): Osmotic adjustment: - It was determined as follows:

O.P. x RW.C. (Normal ) _ O.P x RW.C. (drought) 100 :
100 100

Where: O.P = Osmotic pressure, R.W.C. = Relative water content.

2.2. Methods
2.2.1. Statistical analysis

All calculated data from all studied traits under the two experiments were analyzed using half
diallel analysis by Griffing (1956) 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.

2.2.2. Estimation of tolerance indices

All drought tolerance indices were estimated according to Fischer & Maurer, (1978); Bouslama &
Schapaugh, (1984); Fernandez (1992); Gavuzzi et al., (1997) & Golestani & Assad (1998) 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 stress 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 drought tolerance index
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(YP X YS/(mean of YP) 2, 7):- GMP: (YP X YS) 0.5, 8):- YR: Is meaning yield reduction (1-YS/YP).
9):- DSI: Is meaning salinity susceptibility index = (1-YS/YN)/D where YS = mean yield under salt
stress, YN = mean yield under control or normal condition, 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 Jones & Turner (1978).

2.3. Molecular Characterization
2.3.1. Genomic DNA extraction and PCR condition

Total genomic DNA of all samples was extracted from 12 green wheat leaves (The five parents and
the best seven F1 crosses) 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 five preselected ISSR primers based on their ability to
generate reproducible and informative amplification patterns. 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 pl of 5x Promega Green GoTaq Flexi Reaction Buffer, 2.5 ul of 25 mM
Promega MgCL; and 0.125 pul 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 was assessed
on 1.6% agarose gel (Sambrook et al., 1989; Zietkiewicz et al., 1994 & Gezahegn et al., 2010). 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.

The best seven crosses were:- H1: Sakha 8 X Sakha 94, H2: Sakha 8 X Gimeaza 11, H3: Sakha 8
X Gimeaza 12, H4: Misr 1 X Sakha 94 , H5: Misr 1 X Gimeaza 12, H6: Sakha 94 X Gimeaza 12 and
H7: Gimeaza 11 X Gimeaza 12 respectively. 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.

Table 2: Name and sequences of the five selected ISSR primers used in PCR profile analysis.

Primer Code Sequence(5'—3") Abbrev. Mer
SR-14 AGAGAGAGAGAGAGAGYG (AG)8YG 18
SR-22 CACCACCACCACCAC (CAC)s 15
SR-29 GAGAGAGAGAGAGAGAT (GA)ST 17
SR-35 GACAGACAGACAGACAAT (GACA)AT 18
SR-37 GATAGATAGATAGATAGC (GATA)4GC 18

2.3.2. 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 twelve wheat accessions based on the presence
or absence of unique and shared polymorphic products, were used to determine similarity coefficients
according to Jaccard (1908). 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).

3. Results & Discussion

Wheat is considered one of the most important field crops at the strategic level, as it is a first-class
food crop because this crop represents the backbone of global food, mainly for the people of the third
World. On this basis, the decline in wheat-cultivated areas represents a major food crisis and requires
immediate treatment to contain this serious food problem. In fact, it is noted that the main reason for
the decline in the areas planned for wheat cultivation is drought stress and the scarcity of water sources,
especially designated for wheat cultivation, (EI-Mouhamady 2009 & Al-Kordy et al., 2019). Based on
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this, this investigation was launched as a serious attempt to study the physiological and biochemical
responses related to the wheat crop’s tolerance to water stress under Egyptian conditions using a
selected group of parents and their F1 hybrids resulting from it using half diallel analysis. The evaluation
process was carried out under water stress treatment compared to the standard experiment, and this will
be presented in detail.

3.1. Variation & Interaction

Results shown in table (3) confirmed that all differences among all wheat entries, GCA and SCA
effects were highly significant. There is no doubt that this result is the required statistical data that
shows the extent of the difference in all wheat accessions that is included in the statistical half diallel
analysis. Also, these highly significant statistical differences are conclusive evidence that all the wheat
under genotypes study were ideal materials for tracing the genetic behavior of drought tolerance from
the parents to their hybrids. Further, the difference between all wheat materials is the main input to
Griffing model 1, method 2 which includes parents and their F1 hybrids. The effects of general and
specific combining ability effects are good evidence of the differences between wheat entries from each
other. This confirms that the selection process in early segregation generations will be useful and a
promising sign for the success of breeding to drought tolerance in wheat under Egyptian conditions,
(El-Mouhamady et al., 2012 a & Khatab et al., 2017).

3.2. Mean performance

Data obtained in table (4) revealed that the wheat accessions; (P1, P2, P3, P1 X P3, P1 X P4, P1 X
PS5, P2 XP3, P2 X P5, P3 X P5 & P4 X P5) were succeed in showing the highly rank of drought tolerance
for all attributes under study and this tolerance was under water stress treatment compared to the
standard experiment. In fact, it is noted that the process of tolerating of water stress is the result of a
group of physiological, biochemical and genetic factors alike, as all of these factors combined are what
created and achieved resistance in promising wheat parents besides, their 7 F1 hybrids under drought
conditions compared to the normal treatment, (Ramadan et al., 2016; Esmail et al., 2016 & El-
Mouhamdy et al., 2016). It is also more likely to say that physiological factors and mechanisms, such
as adjusting plant osmosis and achieving adjusted osmotic pressure (osmotic adjustment), are among
the most important mechanisms for inducing water stress tolerance in new wheat hybrids. Where, the
seven superior wheat entries mentioned above were able to adjust their osmosis so that they could resist
and live under water stress conditions. Further, biochemical traits were the most importance indices for
water stress tolerance in wheat accessions. Where, the promising crosses were succeeded in producing
highly level of proline and glycine betaine contents under drought conditions compared to the normal
treatment. This point confirmed that the seven wheat entries were able to change their physiological
behavior to avoid drought conditions unlike the other sensitive genotypes. Also, this physiological
change is considering a pure reflection on the succeeding of plant breeding for drought tolerance in
wheat, (Parida 2005; El-Mouhamady et al., 2014; Nessem & Kasim 2019; El-Mouhamady & ElI-
Metwally 2020; Khatab et al., 2021 b & El-Mouhamady et al., 2021 a). In the same track, physiological
and biochemical parameters were complementary together to enhance the ability of water stress
tolerance in plants generally and in wheat crop specifically. Therefore, improving crops using
traditional plant breeding and modern techniques of biotechnology for resistance and tolerance abiotic
and biotic stress would be the essential tools in this regard. Also, it is noticeable in the data presented
in table (4) that grain yield/plant, 1000-grain weight and number of filled grains/ spike attributes were
showed a clear moral superiority for the first three wheat parents and the seven their F1 hybrids under
drought stress compared to the standard experiment. This result proves beyond doubt the extent to which
the first-generation hybrid outperformed their parents in all yield traits and this also proves the extreme
of segregation generation in the quantitative inheritance of these traits. Therefore, these results may
confirm the good selection of parents included in the hybridization program and the success of the
process of transferring important quantitative traits, such as high yield and water stress tolerance from
tolerant parents to the new hybrids, which will be effective wheat lines to resist environmental stresses
in the future. On this basis, the strategic goal of this investigation is to bring about a radical change in
the genetic behavior of wheat plants that are sensitive to drought and make it highly tolerant, (El-
Mouhamady et al., 2019; El-Mouhamady and Ibrahim 2020; El-Mouhamady et al., 2022 & El-
Mouhamady 2023).
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Table 3: Mean Squares of the half diallel analysis for all studied traits under the control and drought conditions.
S.0.V D.F Numl?er of filled 1000-grain weight Grain yield/plant Proline cont. Glycine betaine Qsmotic
grains/Spike (gm) (gm) cont. adjustment
N S N S N S N S N S
Reps 2 1.53 1.65 1.22 1.08 1.82 1.47 1.03 1.40 1.76 1.94 0.39
Genotypes 14 22.34%* 17.54** 26.94** 31.17%* 13.08%* 20.07** 10.34** 14.75%* 10.05%* 12.17%* 8.42%*
GCA 4 78.23%*%  112.05%* 100.05** 83.23%* 91.03** 71.05%*  123.05**  112.08**  100.05**  93.04** 212.65%*
SCA 10 34.32%* 67.06%* 71.19%* 45.03%* 69.04** 28.94** 56.14** 81.56%* 71.06%* 53.01%* 117.95%*
Error 28 1.88 1.57 1.42 1.15 1.66 1.72 1.54 1.70 1.62 1.54 1.39
Error term 0.62 0.52 0.47 0.38 0.55 0.57 0.51 0.56 0.54 0.51 0.46
GCA/SCA 227 1.67 1.40 1.84 1.31 2.45 2.19 1.37 1.40 1.75 1.80
Table 4: Mean performances of all studied traits in all wheat accessions tested under the control and drought conditions.
Entries Number of filled 1000-grain weight  Grain yield/plant Proline Glycine betaine Osmotic
grains/Spike (gm) (gm) content content adjustment
N D N D N D N D N D
P1 55.13 47.13 45.12 32.06 44.12 31.08 38.15 33.14 42.16 46.04 0.27
P2 49.54 38.15 39.27 28.05 38.19 30.04 44.05 32.11 48.19 39.07 0.53
P3 50.04 40.22 42.11 34.22 46.17 34.11 55.16 44.01 49.04 39.18 0.32
P4 32.06 21.09 26.19 17.41 28.14 17.13 25.23 13.02 27.05 18.06 1.15
P5 29.18 17.25 23.18 13.06 31.05 24.14 21.84 12.09 24.15 11.06 1.67
P1X P2 30.11 24.05 33.16 17.03 28.04 17.62 18.32 7.25 23.07 12.37 1.22
P1XP3 88.13 71.09 48.52 39.77 55.11 46.13 68.24 55.03 63.11 53.01 0.22
P1XP4 78.12 69.04 55.14 44.03 60.15 51.08 71.26 63.04 59.14 47.16 0.19
P1XP5 80.51 68.13 60.19 42.05 57.13 48.03 81.04 68.95 79.13 66.03 0.15
P2XP3 84.32 68.16 63.15 48.13 62.08 47.15 84.25 64.27 77.11 59.02 0.11
P2 X P4 20.13 11.04 20.02 9.28 25.03 13.04 19.26 6.04 21.08 12.31 1.55
P2 X P5 87.33 71.04 65.83 55.11 64.18 55.02 89.07 73.15 81.05 69.24 0.44
P3X P4 27.15 14.02 18.04 9.36 21.02 10.06 17.45 8.23 19.14 10.18 1.36
P3 X P5 86.22 74.05 56.42 47.07 64.13 51.02 91.03 78.14 80.07 69.76 0.18
P4 X PS 75.62 63.11 51.13 40.08 68.19 55.14 87.11 71.04 79.05 68.04 0.15
LSD at 0.05 1.90 1.74 1.65 1.48 1.78 1.82 1.72 1.81 1.76 1.72 1.63
LSD at 0.01 2.76 2.52 2.40 2.16 2.59 2.64 2.49 2.62 2.56 2.49 2.37
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3.3. Heterosis over Better Parent

The wheat entries (P1, P2 & P3) besides the crosses; (P1 X P3, P1 X P4, P1 X P5, P2 X P3,P2 X
P5, P3 X P5 & P4 X P5) exhibited highly significant and positively values of heterosis over better parent
for all attributes under study for the two treatments in table (5). This investigation was able to highlight
the fruitful and effective role of the actual value of hybrid vigor in the seven wheat hybrids mentioned
above.

Further, clarifying the success of quantitative genetics in inheriting high yield and water stress
tolerance traits through monitoring the role of additive gene action in this context. On this basis, the
plant breeder places the maximum in the breeding program for hybridization with the aim of obtaining
the desired quantitative traits such as high yielding and water stress tolerance besides, some
physiological traits related to the tolerance that can be observed in the early segregation generation.
This will not be achieved unless the required genetic mechanisms and genes are available in the tolerant
parents in hybridization program, (El-Mouhamady ef al., 2014 & EI-Mouhamady et al., 2022).

3.4. Combining Ability Effects
3.4.1. GCA Effects

Data shown in table (6) revealed that the first three wheat parents recorded highly significant and
positively values of GCA effects parameter for all traits studied under normal and drought conditions.
On the other hand, the wheat parents number 4 and 5 were exhibited the same results but in the opposite
direction. Results of the half diallel analysis using Griffing model one method 2 showed that the parents
included in the crossbreeding program were considered highly rank in the general combining ability
effects and this confirms the extent of success achieved in selecting these promising parents for
producing wheat hybrids tolerated to water stress and highly yielding. This highlights the importance
of additive effects and their reactions in inheriting of yield components, biochemical and physiological
traits related to water stress tolerance in wheat. Also, it determines that the appropriate time to select
for these excellent traits is during the early segregation generations, (El-Mouhamady et al., 2012 &
2013; Nessem & Kasim 2019; Kizilgeci et al., 2021 & Gupta et al., 2024).

3.4.2. SCA Effect

Results viewed in table (6) detected that the seven wheat accessions; (P1 X P3, P1 X P4, P1 X PS5,
P2 X P3, P2 X P5, P3 X P5 & P4 X P5) were recorded highly significant and positively values of SCA
effects for all attributes under testing for the two conditions. While, the other three crosses exhibited
the data but in negative direction. These results confirm that the seven promising wheat hybrids had
achieved great progress in the field of SCA effects parameter and were closely linked to the measure of
hybrid vigor, which confirmed their tolerance to water stress. In contrast to the remaining three hybrids,
which did not achieve the same results and confirms their sensitivity and intolerance to this dangerous
environmental factor and the weakness of their final output. Also, these positive indicators reflect the
fruitful role of dominance and dominance X dominance gene interaction in inheriting the
aforementioned desirable traits related to drought tolerance and highly yielding, (Khatab et al., 2019
&Tawfik & El-Mouhamady 2024).

3.5. Drought Tolerance Indices

After a comprehensive review of all results of prospective genetic measurements which
demonstrated the existence of new genotypes tolerant to water stress in the wheat crop, it was necessary
in order to cover all aspects of the study, including testing of drought tolerance indices in grain
yield/individual plant in table (7). The most wheat accessions recorded highly rank of water stress
tolerance indices were (P1 X P3, P1 X P4, P1 X P5, P2 X P3, P2 X P5, P3 X P5 & P4 X P5) for the two
parameters; (YSI & Y1) where the values were less than the unity. Further, all entries under study were
exhibited values less than one for (YR) parameter which confirms that all wheat entries under testing
were able to reduce the losses % in their final yield and this is a strong indication of the extent of their
tolerance to water stress. Also, the entries; (P1, P2, P1 X P4, P1 X P5, P2 X P5, P3 X P5 & P4 X P5)
were exhibited mean values lower than the unity for DSI parameter which confirmed that these wheat
accessions were highly tolerance to water stress, (El-Demardash et al., 2017; Khatab et al., 2019 & El-
Mouhamady & Habouh 2019; El-Mouhamady et al, 2021 &Tawfik & El-Mouhamady 2024).
Traditional plant breeding programs, particularly using simple hybridization between drought-tolerant
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Table 5: Heterosis over better-parent for the 10 Wheat crosses obtained from half diallel analysis in all studied traits under the two conditions.

Number of filled 1000-grain weight Grain yield/plant Proline Glycine betaine Osmotic
Entries grains/Spike (gm) (gm) content content adjustment
N S N S N S N S N S
P1 X P2 -45.38** -48.97**%  -26.50** -46.88** -36.44%* -43.30%** -58.41** -78.12%* -52.12%* -73.13%* 351.85%*
P1XP3 59.85%%* 50.83%x* 7.53%* 16.21%* 19.36** 49.75%* 23.71** 25.03** 28.69** 15.13%* -18.51**
P1 X P4 41.70%** 46.48%* 22.20%* 37.33%* 36.33%* 64.35%* 86.78** 90.22%%* 40.34%** 2.43%* -33.33%*
P1XP5 46.03** 44.62%* 99.66** 31.16%* 29.48** 54.53%* 112.42%* 108.05** 87.68%* 43.41%* -44 . 44%*
P2 X P3 68.50%* 69.46** 49.96** 40.64** 34.45%* 38.22%* 52.73%* 46.03** 57.23%* 50.63%* -65.62%*
P2 X P4 -59.36** -71.06%*  -49.01** -66.91** -34.45%* -55.92%* -56.27** -81.18** -56.25%* -68.49%** 192.45%*
P2 X PS5 76.28%* 94.10%* 67.63%* 96.47%* 68.08%* 83.15%* 102.20** 127.81** 68.18%* 77.22%%* -16.98**
P3 X P4 -45.74%* -65.14%%  57.15%* -72.64%* -54.47%* -70.50%** -68.36%* -81.29%* -60.97** -74.01%* 325.0%*
P3X PS5 72.30%* 84.11%* 33.98%* 37.55%* 38.89%* 49.57** 65.02%* 77.55%* 63.27%* 78.05%* -43.75%*
P4 X P5 135.87** 199.24**  95.22%* 130.21%* 119.61%* 128.41%* 245.26%* 445.62%* 192.23** 276.74%* -86.95%*
LSD at 0.05 1.90 1.74 1.65 1.48 1.78 1.82 1.72 1.81 1.76 1.72 1.63
LSD at 0.01 2.76 2.52 2.40 2.16 2.59 2.64 2.49 2.62 2.56 2.49 2.37
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Table 6: GCA and SCA effects in wheat accessions under normal and drought conditions.

Number of filled 1000-grain weight Grain yield/plant Proline Glycine betaine Osmotic
Entries grains/Spike (gm) (gm) content content adjustment
N S N S N S N S N S

P1 7.87F%  1532%%  10.56%* 8.74%% 11.67%%  30.01%* 13.24%% 17.80%%  12.77%%  14.42%% 13.45%*

P2 14.01%%  11.95%%  11.32%%  1433%%  253]%k 4] 3% 20.06%* 25.14%%  27.93%%  2206** 22.71%%

P3 22.05%%  10.63**  18.94%%  20.06**  18.91**  [8.03** 24.12%* 42.03%%  32.08%*%  28.04%* 18.40%*

P4 22.69%%  D8.11%*  -17.88%%  -16.98%*  -40.89%*  -46.38**  3128%F  51.69%*  .5523%%  3]1.69%*  _4].28%*

P5 D124%%  LQ79%%  DD.04%* D6 IS**  _[5.0%*  _4D.80%*  D614%F  33028%%  _|7.55%% 3283k _|308%x
LSD at0.05(g) 4 7¢ 122 2.55 178 1.03 1.08 1.55 138 1.93 1.88 178
LSD at0.01(gh) ;4 1.84 3.87 2.44 1.47 178 2.14 273 271 2.59 2.85

P1XP2 88.15*%  27.70%%  -115.80%%  -78.44%* 245 11%*  -125.61%*  -148.13%*%  -180.05%*  -125.13%*  -142.06%*  -112.14%*

P1XF3 15.20%%  7.95%F  7622%%  80.05%%  23.88%*  17.33%%  100.03%*%  78.04%%  27.08%%  [8.52%* 25.78%*

P1 X P4 34.01%%  24.72%%  [845%%  22.12%%  [805%*  22.08%** 67.57%* 02.13%%  48.05%*%  63.23%* 31.66%*

P1 X PS5 14.03%%  20.03** 30.71%* 26.93%* 55.61%* 47.81%* 81.15%* 78.23%* 37.93%%* 42.13%* 45.93%*

P2XP3 17.08%%  12.05%%  27.93%F  2541%*  60.03**  52.01%* 70.32%% 62.14%%  5562%%  4950%x 55.60%*

P2 X P4 AT.66%*  -44.16%*  48.13%*  _66.80%*  -41.55%*  _78.15%*  _15023%%  _113.80%*  .78.11%*  .30.40%*  _5] 33%x

P2XPS 27.04%%  16.01%*F  40.03%%  36.07%*  100.04**  83.92%* 26.92%* 30.03%%  70.02%%  68.23%* 71.45%%

P3 X P4 S52.67FF  -55.84%%  _68.34%%  _83.93%*  _|2].85%%  .04,09%* -75.89%* 290.33%*  -63.61*%*  -85.96%* -46.35%*

P3 X P5S 51.06%%  27.88%* 13.21%* 17.51%* 70.14%* 63.02%* 18.22%* 27.26%* 18.83%* 10.04%* 20.05%*

P4 XPS 30.04%%  19.06%*  25.72%%  21.08%%  80.76**  77.68%* 10.04% 16.35%%  19.32%%  16.20%* 30.08%*
LSD at 0.05 (Sij) 131 1.04 1.25 1.88 1.53 1.71 1.21 1.36 1.44 1.59 2.23
LSD at 0.01 (Sij) | og 2.11 175 2.53 245 2.58 1.95 229 2.55 2.46 3.01
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lines among the other sensitive entries have made significant scientific progress in the field of wheat
improving to drought stress. This was clearly demonstrated by the genetically tests and measurements
used in the study and resulting from the hald diallel-analysis for all yield components, biochemical and
physiological attributes in all wheat accessions under drought stress compared to the standard
experiment. Further, this investigation succeeded in explaining the true meaning of physiological
acclimatization by causing osmotic changes in water stress tolerant hybrids, unlike sensitive ones. It is
also proved their ability to produce organic compounds and acids, which were a fundamental reason for
tolerance. All this ultimately was led to the production of water stress tolerant and high yield wheat
hybrids under Egyptian conditions. Also, drought tolerance indices demonstrated the high capacity of
these new wheat accessions to endure and simulate harsh environmental conditions.

Table 7: Drought tolerance indices in wheat entries for the two experiments.

Genotypes 1 2 3 4 5 6 7 8 9
P1 55.13  47.13 0.85 1.01 51.13 44.62 50.97 0.15 0.75
P2 49.54 38.15 0.77 0.82 43.84 32.45 43.47 0.23 1.15
P3 50.04  40.22 0.80 0.86 45.13 34.56 44.86 0.20 1.0
P4 32.06 21.09 0.65 0.45 26.57 11.61 26.0 0.35 1.75
P5 29.18  17.25 0.59 0.37 23,21 8.64 22.43 0.41 2.05

P1XP2 30.11  24.05 0.79 0.51 27.08 12.43 26.90 0.31 1.55
P1XP3 88.13  71.09 0.80 1.52 79.61 107.59 79.15 0.20 1.0
P1 X P4 78.12  69.04 0.88 1.48 73.58 92.62 73.43 0.12 0.60
P1XPS 80.51 68.13 0.84 1.46 74.32 94.19 74.06 0.16 0.80
P2 X P3 84.32  68.16 0.80 1.46 76.24 98.69 75.81 0.20 1.0
P2 X P4 20.13  11.04 0.54 0.23 15.58 3.81 14.90 0.46 2.30
P2 X PS5 87.33 71.04 0.81 1.52 79.18 10.65 78.76 0.19 0.95
P3X P4 27.15  14.02 0.51 0.30 20.58 6.53 19.51 0.49 2.45
P3XPS 86.22  74.05 0.85 1.59 80.13 109.64 79.90 0.15 0.75
P4X PS5 75.62  63.11 0.83 1.35 69.36 81.95 69.08 0.17 0.45

3.6. Molecular Description

Molecular markers are considering the biggest importance technique for generic improvement in
crops. Where, this method was succeed in change a big jump in the field of increasing yield and its
components in several crops such as wheat, barley, rice, maize, soybean and so on. Also, Biotechnology
techniques, especially genetic engineering, genetic transport, and tissue culture were among the most
successful scientific cultivation of modern or pirate molecular genetics for enhancing and improving
crops for abiotic and biotic resistance. Regarding the endurance of water stress, the biotechnology had
a major role, especially in the most sensitive and needy for water in strategic crops like wheat. On this
basis, molecular markers using ISSR primers will play a major role in identifying genetic mechanisms
at the molecular level responsible for water stress tolerance in promising wheat hybrids, with the aim
of distinguishing these wheat accessions between it and sensitive crosses in terms of defining the
division basis for these entries and their use in other studies for abiotic stress tolerance. Data are viewed
in (table 8 and Fig.1) showed that the five ISSR primers exhibited 41 amplified fragments, 31 of them
were monomorphic besides, 28 polymorphic included 9 unique bands with 68.29% polymorphism and
the molecular weights ranged from226 bp to 1633bp. Also, the highest polymorphic number were
showed in ISSR-29, 35 and 37 primers were the values were (5, 6 & 11). While, the highest number of
unique amplicons were generated by SR -35 and 37 primers (6 & 3), respectively. Further, the biggest
rank of polymorphism % (85.71% & 84.61%) was detected by ISSR-35 & 37 primers. These results
confirmed that the five ISSR markers were able to unpack and identify all genetic differences among
the twelve wheat genotypes. Also, they were used effectively as a classification and identification basis
for wheat hybrids that are highly tolerant to water stress and even succeeded in identifying parents and
hybrids that are sensitive to it. These results were agreement and similarity with (Zian et al., 2013;
Khatab & El-Mouhamady 2022).
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6 7 & 9 10 11 12 M B B WV 1 2

SR-29

4 3 6 7 & 90 10 1l 12 M B

SR-35 SR-37
Fig. 1: ISSR primers used in twelve wheat accessions namely; SR-14, 22, 29, 35 and SR-37.

Table 8: Band variation and polymorphism % in the twelve wheat entries using 5 ISSR markers.

No. piislfl:}rs TB MB PB UB P% RS (bp) Sequence
1 SR-14 8 4 4 0 500% 872226 AGAGAGAGAGAGAGAGYG
2 SR22 4 2 2 0 500% 662-442 CACCACCACCACCAC
3 SR-29 9 4 5 0 5555% 806-333 GAGAGAGAGAGAGAGAT
4 SR35 7 1 6 6 8571%  856-333 GACAGACAGACAGACAAT
5 SR-37 13 2 11 3  84.61% 1633-331 GATAGATAGATAGATAGC
Total 41 13 28 9  68.29% 1633-226

Data presented in table (9) recorded nine specific markers divided to 4 positive and 5 negative
amplified fragments among the twelve wheat accessions (The five parents and the best seven crosses)
through using the five ISSR primers. In fact, these specific markers are among the most important
outcomes of this investigation, as they were able to be a practical guide to identify and distinguish
hybrids that excel in yield and drought tolerance from those that are sensitive to it. Also, these markers
will be used in the future to track highly tolerant and yielding wheat lines until they are produced and
distributed commercially as new drought-tolerant wheat varieties. The primer SR-35 exhibited six
markers as follows; four negative (two for the parent number 1 at sizes of 333bp and 856 bp and two
for hybrid 3 at sizes of 441bp and 751bp). While, the other two positive markers were showed in hybrid
3 at sizes of 501 bp and 561bp, respectively. On the same track, the primers SR-37 recorded three
specific markers for hybrid number 7 as follows; two positive at molecular sizes of 985bp and 1633bp
besides, one negative at size of 331bp. (Khatab ez al., 2017 & 2022). Also, data viewed in table (10)
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Table 9: Mapping of positive and negative unique bands in wheat genotypes.

ISSR MS(bp) Parent Parent Parent Parent Parent Hybrid Hybrid Hybrid Hybrid Hybrid Hybrid Hybrid (PorN)
Primers P 1 2 3 4 5 1 2 3 4 5 (6) (@) Marker
856 - + + + + + + + + + + + Negative (P1)
751 + + + + + + + - + + + + Negative (H3)
561 - - - - - - - + - - - - Positive (H3)
) ) ) ) ) ) ) " ) ) ) ) "
SR-35 501 Positive (H3)
441 + + + + + + + - + + + + Negative (H3)
333 - + + + + + + + + + + + Negative (P1)
1633 - - - - - - - - - - - + Positive (H7)
SR-37 985 - - - - - - - - - - - + Positive (H7)
331 + + + + + + + + + + + - Negative (H7)
4 (Positive) +
Total 5 (Negative)

P: Positive, N: Negative, MS: Molecular Size
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exhibited 55 relationships among 12 wheat genotypes revealed about similarity. The values were ranged
from 0.500 to 0.945 with an average of 0.722. Where, the biggest level of similarity was (0.945) among
(P5 & H2) and the lowest limit was (0.500) between (P4 & H3). The other values were showed in
various rank of genetic similarity. These results demonstrate the utmost importance of similarity and
difference relationships in terms of the degree of genetic kinship between parents and their F1 hybrids
that are compatible with each other for cultivation and growth under the same conditions. Further, this
reflects the basic strategy of this study, which is to identify which wheat genotypes have high genetic
compatibility for growth together in order to establish a strong breeding program to obtain high-yielding
and water-stress-tolerant wheat lines. Results of phylogenetic tree (Fig, 2) revealed the result of 12
wheat entries were divided to two main cluster. where the first one was (H3) only. While, the second
cluster had two sub-cluster. The first one was (H7) only and the second sub-cluster was concluded the
other wheat entries, (Morran et al., 2011; Budak et al., 2013; Rana et al., 2016; Ahmad et al., 2018;
Khan et al., 2019; Yadav et al., 2019 & Gupta et al., 2024).

Table 10: Similarity % of the twelve Wheat Entries within using 5 ISSR markers.

Si"‘f,l/z‘r“y PI P2 P3 P4 P5 HI H2 H3 H4 H5 H6 H7
P1 1.0
P2 0.909 1.0
P3 0.696 0.787 1.0
P4 0.750 0.787 0.625 1.0
P5 0.805 0.888 0742 0.742 1.0
H1 0.771 0.805 0.657 0.705 0.810 1.0
H2 0.810 0.891 0702 0.702 0.945 0.864 1.0
H3 0.527 0.567 0.700 0.500 0.621 0.676 0.589 1.0
H4 0.848 0939 0.781 0.727 0.833 0.800 0.837 0.555 1.0
H5 0.742 0.828 0.676 0727 0.885 0.852 0.837 0.647 0.823 1.0
H6 0.657 0742 0.741 0.636 0.800 0.818 0.756 0.709 0.787 0.903 1.0
H7 0.540 0.621 0514 0709 0.675 0.685 0.641 0485 0.657 0.757 0718 1.0
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Fig. 2: Dendrogram analysis between 12 Wheat accessions across ISSR markers

4. Conclusion

The present investigation was conducted to study the genetic behavior responsible for water stress
tolerance in some promising wheat entries under Egyptian conditions. Also, some yield components,
physiological and biochemical attributes were tested for the fifteen wheat accessions (The five parents
and their 10 F1 hybrids) under normal and drought conditions. Further, genetic parameters were
evaluated in the previous wheat accession under the two conditions such as; heterosis over better-parent,
GCA and SCA effects besides, drought tolerance indices test to determine the tolerated wheat genotypes
for water stress. Molecular description using five ISSR primers was done for the twelve wheat
genotypes (The five parents and the best seven F1 hybrids) which exhibited the highest rank of all
attributes calculated under water stress treatment compared to the standard experiment. The final results
confirmed that the first wheat parents (P1, P2 & P3) and the seven F1 crosses; (P1 X P3, P1 X P4, P1
X P5, P2 X P3, P2 X PS5, P3 X P5 & P4 X P5) were recorded highly level of drought tolerance under
the stress treatment compared to the normal conditions. Also, the five ISSR markers exhibited 28
polymorphic fragments with 68.29% polymorphism % among the twelve wheat accessions.

References

Ahluwalia, O., P.C. Singh and R. Bhatia, 2021. A review on drought stress in plants: Implications,
mitigation and the role of plant growth promoting rhizobacteria. Res. Envi and Sus.,
https/://doi.org/10.1016/j.resenv.2021.100032.

574



Middle East J. Agric. Res., 13(3): 561-577, 2024
EISSN: 2706-7955 ISSN: 2077-4605 DOI: 10.36632/mejar/2024.13.3.29

Ahmad, Z., E.A. Waraich, S. Akhtar, S. Anjum, T. Ahmad, W.Mahboob, O.B. Abdul Hafeez,
T. Tapera, M. Labuschagne and M. Rizwan, 2018. Physiological responses of wheat to drought
stress and its mitigation approaches. Acta Physiol Plant., 40: 80.
https://doi.org/10.1007/s11738-018-2651-6.

Al-Kordy, M.A, H.M. Ibrahim, A.A. EI-Mouhamady and H.M. Abdel-Rahman, 2019. Genetic stability
analysis and molecular depiction in elite entries of rice (Oryza Sativa L.). Bull Nat Res Cen., 43:1—
15

Arora, N.K., 2019. Impact of climate change on agriculture production and its sustainable solutions.
Envi Sus., 2: 95-96. doi: 10.1007/s42398-019-00078-w.

Bates, L.S., R.P. Waldren and 1.D. Teare, 1973. Rapid determination of free proline for water-stress
studies. Plant Soil., 39: 205-207.

Bouslama, M and W.T. Schapaugh, 1984. Stress tolerance in soybean. Part 1: evaluation of three
screening techniques for heat and drought tolerance. Crop Sci., 24: 933-937.

Budak, H., B.A. Akpinar, T. Unver and M. Turktas, 2013. Proteome changes in wild and modern wheat
leaves upon drought stress by two-dimensional electrophoresis and nanolc-esi—-ms/ms. Plant Mol.
Biol., 1-15.

Chinard, F.P., 1952. Photometric Estimation of Proline and Ornithine. J. Biol Chem., 1: 91-5.

El- Demardash 1.S., A.A. El-Mouhamady, H.M. Abdel- Rahman, T.A. Elewa and K.A. Aboud, 2017.
Using Gamma Rays for Improving Water Deficit Tolerance in Rice. Curr. Sci. Int., 6: 321-327.

El- Demardash, 1.S., A.A. El-Mouhamady, H.M. Abdel- Rahman, T.A. Elewa and K.A.

Eldessouky, S.E.I., S.A.A. Heiba, A.A. El-Mouhamady and Y.M. Abdel-Tawab, 2016. DNA
Fingerprinting and Half Diallel sAnalysis of Some Rice Genotypes under Water Deficit Conditions.
Research Journal of Pharmaceutical, Biological and Chemical Sciences., 4: 985-997.

El-Mouhamady, A.A.H.M. Abdel-Rahman, A.A. Rizkalla and M.A. El-Metwally, 2019. Assessment of
Water Stress Tolerance in Wheat Genotypes Based on Half Diallel Analysis and DNA
Fingerprinting. Pak. J. of Biol. Sci., 22:103-116.

El-Mouhamady, A.A., 2003. Breeding Studies for Salt Tolerance in Rice. Thesis of Master; Fac of
Agric. Kafr-Shei Branch. Tanta Univ Egypt.

El-Mouhamady, A.A., 2009. Breeding for drought tolerance in rice. Ph.D Thesis Fac. Agric. Kafr-Shei
Univ. Egypt.

El-Mouhamady, A.A., A.A.M. Gad and G.S.A.A. Karim, 2022. Improvement of drought tolerance in
rice using line X tester mating design and biochemical molecular markers. Bull Natl Res
Cent., 46: 1.

El-Mouhamady, A.A., A.M. Gad, G.S.A. Abdel Karim, N.S. Abdel-samea and M.A.F. Habouh, 2021.
Biochemical and Molecular Genetic Markers Associated with Salinity tolerance in Flax (Linum
usitatissimum L.). Annals of the Romanian Society for Cell Biology, 4828-4844.

El-Mouhamady, A.A., and H.F. Ibrahim, 2020. Elicitation of salt stress-tolerant mutants in bread wheat
(Triticum aestivum L.) by using gamma radiation. Bull of the Nat Res Cen., 44: 1-18.

El-Mouhamady, A.A and M. A. El-Metwally, 2020. Appreciation of Genetic Parameters and Molecular
Characterization in Some Promising Accessions of Soybean (Glycine max L.). Pak. J. of Biol. Sci.,
4: 425-438.

El-Mouhamady, A.A., 2023. Biochemical and Molecular Characterization of Some Rice Accessions
Tolerated to Salt Stress. Egypt. J. Chem., 66: 881-891.

El-Mouhamady, A.A., A.A. Abdel-Sattar and E.H. El-seidy, 2013. Assessment of Genetic Diversity
and Relationships among canola (Rapeseed) Varieties Using Random Amplified Polymorphic
DNA (RAPD) and Specific-PCR Analysis. J. of App. Sci. Res., 9: 1651-1665.

El-Mouhamady, A.A., A.M. El-Ekhtyar and 1.S. El-Demardash, 2012. Molecular Markers Linked to
Some traits in Rice. J. of App. Sci. Res., 8: 2689-2699.

El-Mouhamady, A.A., E.H. El-Seidy and T.A. Elewa, 2014. Using Molecular Markers to Study
Mechanics Responsible for Drought Tolerance in Some Genotypes of Sorghum. Int. J. Curr.
Microbiol. App. Sci., 3: 481-491.

El-Mouhamady, A.A., Kh. A. Amer, A.Y. Ragab, 2012 a. Development of Salinity Tolerance in Some
Genotypes of Barley Using Line X Tester Analysis and Some Techniques of Biotechnology. J of
Appl. Sci. Res., 2: 972-982.

575



Middle East J. Agric. Res., 13(3): 561-577, 2024
EISSN: 2706-7955 ISSN: 2077-4605 DOI: 10.36632/mejar/2024.13.3.29

El-Mouhamady, A.A., M.A.F. Habouh and E. Naif, 2022. Elicitation of Novel Sunflower Lines
Tolerant to Water Deficit Conditions Through Mutation Breeding. Asian J. of Plant Sci., 3: 360-
378 DOLI: 10.3923/ajps.2022.360.378.

El-Mouhamady, A.A., M.G. Abdul Aziz and M.A.F. Habouh, 2021 a. Determination of Genetic
Parameters associated with Salt Stress Tolerance in Canola Based on SCoT Markers and Protein
Pattern Analysis. Asian J. Plant Sci., 20: 534-554. DOI: 10.3923/ajps.2021.534.554.

El-Mouhamady, A.A., M.R. Rady and E.H. El-Seidy, 2014. Assessment of Genetic Variability for Six
Lines of Wheat Using Physiological Traits and Molecular Markers Technique under Normal
Irrigation and Water Stress Conditions. W. App. Sci. J., 4: 506-516.

El-Mouhamady, A.A., Z.M. El-Ashary, F.I. Mohamed, T.A. Elewa and K.A. Aboud, 2016. Study The
Effect of Water stress Conditions on Some Genotypes of bread Wheat (Triticum aestivum L.) Based
on Morphological, Physiological Traits and DNA Fingerprinting. RIPBCS., 4: 2065-2077.

El-Mouhamady. A.A. and M.A.F. Habouh, 2019. Genetic Improvement of Some Rice Genotypes for
Salinity Tolerance Using Generation Mean Analysis. Curr. Sci. Int., 8: 321-348.

El-Seidy, E. H., A. A. El-Mouhamady, and K.A. Aboud, 2013. Studies On the Modification of Gene
Expression Which Esponsible for Salinity Tolerance in Some Genotypes of Wheat. Int. J. of Acad.
Res. Part A., 5: 23-32.

Esmail, R.M., A.A. Abdel Sattar, N.S. Abdel-samea, A.A. EI-Mouhamady, E.M. Abdelgany and F.B.
Fathallaha, 2016. Assessment of Genetic Parameters and Drought Tolerance Indices in Maize
Diallel Crosses. Res. J. of Pharm, Biol and Chem Sci., 7(6): 2409-2428.

Fernandez, G.C.J., 1992. Effective selection criteria for assessing plant stress tolerance. In: Proc of on
the Sym Taiw., 25: 257-270.

Fischer, R.A. and R. Maurer, 1978. Drought resistance in spring wheat cultivars. I Grain yield response.
Aust. J. Agric Res., 29: 897-907.

Gavuzzi, P., F. Rizza, M. Palumbo, R.G. Campaline, G.L. Ricciardi and B. Borghi, 1997. Evaluation
of field and laboratory predictors of drought and heat tolerance in winter cereals. Can J Plant Sci.,
77:523-531.

Gezahegn, G., T. Kassahun and B. Endashaw, 2010. Inter Simple Sequence Repeat (ISSR) analysis of
wild and cultivated rice species from Ethiopia. Afri J of Biot., 9: 5048-5059.

Golestani, S.A. and M.T. Assad, 1998. Evaluation of four screening techniques for drought resistance
and their relationship to yield reduction ratio in wheat. Euphyt-ica., 103: 293-299.

Grieve, C.M. and S.R. Grattan, 1983. Rapid assay for determination of water soluble quaternary
ammonium compounds. Plant Soil., 70: 303-307.

Griffing, J.B., 1956. Concept of general and specific combining ability in relation to diallel crossing
systems. Aust J of Biol Sci., 9: 463-493.

Gupta, A. K., M. Agrawal and H. Yadav et al., 2024. Drought Stress and its Tolerance Mechanism in
Wheat. Int. J. of Envir. and Climate Change., 14: 529-544.

Heiba, S.A.A., S.E.L. Eldessouky, A.A. El-Mouhamady, 1.S. El-Demardash and A.A. Abdel-Raheem,
2016 b. Use of RAPD and ISSR Assays for the Detection of Mutation Changes in Wheat (Triticum
aestivium L.) DNA Induced by Ethyl-Methane Sulphonate (EMS). Int.J. of Chem Tech Research.,
9:42-49.

Heiba, S.A.A., A.A. El-Mouhamady, S.E.I. Eldessouky, H.B.M. Ali and T.A. Elewa, 2016 a. Study the
Genetic Variations Related to the Resistance of Heavy metals Toxicity in Some Rice Genotypes
Using RAPD Markers. Int. J. Curr. Microbiol. App. Sci., 5: 174-189.

Hossain, A.B.S., A.G. Sears, T.S. Cox and G.M. Paulsen, 1990. Desiccation tolerance and its
relationship to assimilate partitioning in winter wheat. Crop Sci., (30): 622-627.

Jaccard, P., 1908. Nouvelles Researchers Sur La IstributionLorale. Bull Soc Vaud Sci Nat., 44: 223-
270.

Jones, M.M and N.C. Turner, 1978. Osmotic adjustment in leaves of sorghum in response to water
deficits. Plant Physiol., 61: 122—126.

Khan, S., S. Anwar, S. Yu, M. Sun, Z. Yang and Z.Q. Gao, 2019. Development of Drought-Tolerant
Transgenic Wheat: Achievements and Limitations. Int J Mol Sci., 8: 3350.
doi: 10.3390/ijms20133350.

576



Middle East J. Agric. Res., 13(3): 561-577, 2024
EISSN: 2706-7955 ISSN: 2077-4605 DOI: 10.36632/mejar/2024.13.3.29

Khatab, I.LA. and A.A. El-mouhamady, 2022. In vitro Screening and Molecular Genetic Markers
Associated with Fungal Pathogenic Toxin Filtrate Tolerance in Potato. Egypt. J. Chem., 65 : 477 -
487.

Khatab, .A., A.A. El-Mouhamady, H.M. Abdel-Rahman, M.A. Farid and 1.S. El-Demardash, 2017.
Agro-morphological and molecular characterization of sorghum (Sorghum Vulgare L.) for water
stress tolerance. Int J Cur Res Biosci Plant Biol., 4: 37-55.

Khatab, LA., A.A. El-Mouhamady, H.M. Abdel-Rahman, M.A. Farid and 1.S. El-Demardash, 2017.
Agro-morphological and Molecular Characterization of Sorghum (Sorghum Vulgare L.) for Water
Stress Tolerance. International Journal of Current Research in Biosciences and Plant Biology., 4:
37-55.

Khatab, I.A., A.A. El-Mouhamady, M.M. El-Hawary and E. Naif, 2022. Agro-physiological and
Genetic Characterization of Three Quinoa (Chenopodium quinoa Wild.) Cultivars to Drought
Stress. Middle East Journal of Agriculture Research., 11: 11-34.

Khatab, I.LA., A. A. El-Mouhamady, S.A. Mariey and T.A. Elewa, 2019. Assessment of Water
Deficiency Tolerance Indices and their Relation with ISSR Markers in Barley (Hordeum vulgare
L.). Cu. Sci. Inte., 8: 83-100.

Khatab, 1.A., A.A. El-Mouhamady, S.A. Mariey, M.M. El-Hawary and M.A.F. Habouh, 2021 b.
Molecular evaluation and identification of some barley hybrids tolerant to salt stress. Pak J Biol
Sci, 24: 997-1014. DOI: 10.3923/pjbs.2021.997.1014.

Khatab, I.S., A.A. El-Mouhamady and S.A. Mariey, 2021 a. Comprehensive Selection Criteria for
High-Yielding Bread Wheat (7riticum aestivum L.) Hybrids under Salinity Stress. Egyptian Journal
of botany., 61: 709-730. DOI: 10.21608/EJB0.2021.65333.1637.

Kizilgeci, F., M. Yildirim, M. S. Islam, D. Ratnasekera, M. A. Igbal and A. E. Sabagh, 2021.
Normalized difference vegetation index and chlorophyll content for precision nitrogen management
in durum wheat cultivars under semi-arid conditions. Sust., 13 : (3725). doi: 10.3390/sul13073725.

Morran, S., O. Eini, T. Pyvovarenko, B. Parent, R. Singh, A. Ismagul, S. Eliby, N. Shirley, P. Langridge
and S. Lopato, 2011. Improvement of stress tolerance of wheat and barley by modulation of
expression of DREB/CBF factors. Plant Biotechnol J., 9: 230-49.
doi: 10.1111/j.1467-7652.2010.00547.x. PMID: 20642740.

Nessem, A.A. and W.A. Kasim, 2019. Physiological impact of seed priming with CaCl2 or carrot root
extract on Lupinus termis plants fully grown under salinity stress. Egy. J of Bot., 59: 763-777.
Parida, A. K. and A.B. Das, 2005. Salt tolerance and salinity effects on plants. Ecoto and Envi Safety.,

60: 324-349.

Ramadan, W.A., H.M. Abdel-Rahman, A.A. El-Mouhamady, M.A.F. Habouh, K.A. Aboud, 2016.
Molecular Genetic Studies on Some Barley Entries for Drought Tolerance. Int. J. of Pharm Tech
Res., 12: 265-285.

Rana, V., S. Ram, K. Nehra, and 1. Sharma, 2016. Expression of genes related to Na“ exclusion and
proline accumulation in tolerant and susceptible wheat genotypes under salt stress. Cereal Research
Communications 44(3):1-10. DOI:10.1556/0806.44.2016.009.

Sambrook, J., K.F. Fritsch and T. Maniatis, 1989. Molecular cloning. Second edition (cold spring
Harbor New York).

Tawfik, R.S. and A.A. El-Mouhamady, 2019. Molecular genetic studies on abiotic stress resistance in
sorghum entries through using half diallel analysis and inter-simple sequence repeat (ISSR)
markers. Bull Nat Res Cen., 43:1-17. https://doi.org/10.1186/s42269-019-0155-1.

Tawfik, R.S. and A.A. El-Mouhamady, 2024. Genetic Basis for Salt Stress Tolerance in wheat Through
Using ISSR Markers. Mid. East J. of Agric. Res., 13: 485-504.

Yadav, A.K., A.J. Carroll, G.M. Estavillo, G.J. Rebetzke and B.J. Pogson, 2019. Wheat drought
tolerance in the field is predicted by amino acid responses to glasshouse-imposed drought. J. Exp.
Bot., 70:4931-4948. doi: 10.1093/jxb/erz224.

Zian, A. H., . S. El-Demardash, A. A. EI-Mouhamady and E. El-Barougy, 2013. Studies the Resistance
of Lupine for Fusarium oxysporum F. sp Lupini) Through Molecular Genetic Technique. W. Appl.
Sci. J., 26: 1064-1069.

Zietkiewicz, E., A. Rafalski and D. Labuda, 1994. Genome Fingerprinting by Simple Sequence Repeats
(SSR)-Anchored Polymerase Chain Reaction Amplification. Geno., 20: 176-183.

577





