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CrossMark

HE MOST important aspect of this investigation was evaluating a set of wheat genotypes

with different responses to salt stress while conducting the selection process on the
number of spikes/plant, the number of filled grains/spike, 1000-grain weight, and grain yield/
plant traits besides, some physiological attributes and related to salinity tolerance such as Na+,

K+ contents, Na'/K" ratio, osmotic adjustment, proline, and glycine betaine contents under

control and salinity conditions. The wheat genotypes were divided into two groups according to
half diallel analysis. Where, the first one included parents, namely; Sakha 8, Shandweel 1, Masr
1, Giza 171, Sakha 94, Gimeaza 11, and Gimeaza 12, respectively. While the second group
was 21 F| wheat crosses obtained from half diallel crossing among the seven wheat genotypes.

Heterosis over better-parent, general, and specific combining ability effects was the most

important measurements for all studied traits for both experiments. Further, the seven wheat

genotypes and the highest 5 F1 crosses were evaluated for the salinity tolerance indices test

using grain yield/plant trait depending on all data estimated for all studied attributes under salt-

stress treatment compared to the control experiment. The final results revealed that; parents 1,
2, and 3 besides, the crosses; P1 X P2, P1 X P3, P2 X P3, P2 X P4, and P3 X P4 exhibited a high
trend in salinity tolerance under salinity stress treatment compared to the control experiment.

Further, the previous wheat genotypes recorded high levels of salinity tolerance indices. SCoT

markers determined the hybrids with the highest salinity tolerance indices. Out of nine primers

used, only six generated polymorphic bands with 43 polymorphic bands. Therefore, identifying

genetic evidence at the molecular level could be used in the future as a taxonomic tool to

tolerate salinity in promising wheat genotypes.

Kewwords: Combining ability, Diallel, Heterosis, Physiological markers, Salt indices PCA,

SCoT markers, Wheat.

Introduction

Given the great strategic importance of wheat
as a global food crop besides the great damage
it inflicts on it due to salt stress, this study
was launched to understand the nature of
this crisis and come up with clear scientific
recommendations in this regard. Salt stress is one
of the most serious environmental constraints
that destroy agricultural production, significantly

reduce crop productivity, and hinder growth and
development (Parida & Das, 2005; Nessem &
Kasim, 2019). The most serious damage caused
by saline stress on plant growth is the severe
effect and damage in metabolism processes
resulting from decreasing the water level needed
to wash salts and direct toxicity, anti-ions, and
nutrient disruption (Neumann, 1977). Also, it
largely causes physiological dehydration (Munns,
2002). Among the most and greatest damages
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resulting from increased salinity is the excessive
impact on photosynthesis (Sudhir & Murthy,
2004) by demolishing the chlorophyll content in
the leaves (Rady, 2011). Wheat is considered the
most important food crop in the world. Hundreds
of millions of people globally depend on food
made from the grain of the wheat plant. These
grains are ground and made into flour used in
making biscuits, bread, cakes, thin biscuits,
pasta, spaghetti, and other foods. This crop is
the first strategically compared to the rest of the
other crops. Wheat covers parts of the Earth’s
surface more than any other food crop. The major
wheat-producing countries are Canada, China,
France, India, Russia, Ukraine, and the United
States (Shewry, 2009). Global wheat production
is about 735 million tons. The wheat acreage
cultivated in Egypt is estimated at 3.2 million
feddans, according to general statistics 2019
season. However, it is noticeable in the recent
period that the wheat area in Egypt declined due
to the high level of soil salinity and irrigation
water. This, of course, caused a serious decline
in wheat productivity in the lands damaged by
salinity, especially nearing the seawater in the
delta region, besides the destructive effects of
salinity stress, which were previously mentioned
(El-Mouhamady & Ibrahim, 2020). Note that, the
total loss in the final yield due to toxicity of salinity
stress may range from 40-50%. (Shavrukov et
al., 2011) discussed the salt-stress tolerance and
Na+ exemption in wheat, calculating genetic
variability, mapping populations, and QTL
analysis. They confirmed that genetic analysis
of F2 generations among landraces and durum
wheat succeeded in clear separation marking on
the single, major salinity tolerance gene in the
wheat genotypes. Gathering carbohydrate and
protein fractions was very important in improving
salinity-stress tolerance in wheat genotypes by
developing osmotic adjustment under stress
conditions compared to the control conditions,
especially in the wheat genotype Sakha 93, (Radi
et al., 2013). Wheat salinity tolerant species can
play an important role when there is no quality
water suitable for agriculture. Besides, may be able
to develop the ability of salinity tolerance through
cultivating it with superior care and excellent
management to reduce the devastating effects
of salt stress in the soil. In addition, increasing
the productivity of marginal lands, (Sahoo et al.,
2018). The two wheat genotypes, namely, line
16 and Masr 2, characterized as highly salinity
tolerance, exhibited positive results in grain yield
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and its components traits by estimating salinity
tolerance indices for many wheat genotypes.
For this reason, it is recommended to use them
in the future for improving and developing the
Egyptian wheat breeding program for salt-stress
endurance (Yassin et al., 2019). Genes related
to high Na® accumulation in bread wheat were
recognized, which may be encompassed in tissue
tolerance/osmotic adjustment (Genc et al., 2019).
They revealed that reduction in plant Na'is
unlikely to provide agronomic benefit; in addition,
the genotype MW#293, characterized as highly
tolerant for Na+ content, supplies an opportunity
for improving salinity-stress tolerance in wheat.
El-Mouhamady & Ibrahim (2020) discussed
salinity tolerance in some wheat entries by
using various doses of gamma irradiation. They
confirmed that the Egyptian wheat varieties Sakha
8 and its 6 M5 derived mutants recorded high
salt-stress tolerance measurements in all studied
attributes under salinity conditions compared
to the control experiment in the two growing
seasons. Bacu et al. (2020) detected the impact
of NaCl in different growth stages, pigment
content, and GSH content in the seedling stage in
bread wheat. The most recent studies on salinity
tolerance in wheat genotypes to identify tolerable
and/or sensitive varieties to salinity (Al-Ashkar
et al., 2020). Genetic differentiation among plant
collections offers scenarios for improving plant
traits. Molecular genetic markers are one of the
effective tools for studying genetic variability
between parents and their hybrids. Genetic
differences based on the molecular level were
reported among barley genotypes (Khatab &
Mariey, 2013; Mariey et al., 2016) and wheat (EI-
Hendawy et al., 2019). Many molecular markers
have been established recently, gene-targeted
marker arrangements have become an important
and useful method in assessing genetic variation
(Poczai et al., 2013). SCoT polymorphism
method is known as one of the new molecular
markers described by Collard & Mackill (2009),
who developed SCoT 1 to 36 (Luo et al., 2010)
and reported SCoT 37 to SCoT 60, which are
reproducible and based on the short conserved
region flanking the start codon ATG. Because
several advantages of SCoT, such as repeatability,
low cost, high polymorphism, and potential in
genotyping and revealing polymorphism that
might be directly related to gene function. These
techniques have been successfully applied in
genetic diversity studies of many plant species
(Etminan et al., 2016; Etminan et al., 2018;
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Qaderi et al., 2019). This method is based on the
short conserved region of the translation initiation
codon (ATG). CATT box-derived polymorphism
is another new promoter-targeted marker, which
uses the nucleotide sequence CAAT box. The
CAAT box region has a specific nucleotide
pattern with aligned sequences and is upstream of
the start codon of eukaryotic genes (Singh et al.,
2014). Wheat, the development and selection of
parental genotypes for crossing requires a careful
description and variety identification. Most
recently, the morph-physiological and molecular
depiction has been frequently used for this
process as comprehensive criteria for description.
The study aimed to assess promising wheat
hybrids superior in tolerating salt stress based on
morph-physiological and molecular analysis of
these hybrids with their respective parents using
SCoT markers. This information can be useful
to bridge the gap between wheat production and
consumption.

Materials and Methods

Materials

Plant materials

This investigation included seven Egyptian
wheat genotypes with various salt-stress tolerance
responses: Sakha 8, Shandweel 1, Masr 1, Giza
171, Sakha 94, Gimeaza 11, and Gimeaza 12 in
Table 1. These genotypes were obtained from
the department of wheat Research, Filed Crop
Research Institute, Agricultural Research Center
(ARC), Egypt.

Breeding and crossing

The seven wheat genotypes were sown in
three planting dates with 7 days intervals to
overcome the differences in flowering time
among parents for crossing through half diallel
technique without reciprocals in the 2018/2019
season. All genotypes (parents and their 21 F1
crosses) were grown under control and salinity-

stress conditions in a randomized complete block
design with three replicates for each experiment
in the 2019/2020 season. The chemical analysis
for the two kinds of water was shown in Table
2. The package of all other recommendations of
wheat planting is followed in the second season
(2019/2020). All calculated data performed from
all studied traits under the two experiments were
analyzed using half diallel analysis by Griffing
(1956) model 1, method 2 (This analysis related
to parent and F1hybrids only without reciprocals)
for estimating some genetic parameters namely;
heterosis over better-parent and general and
specific combining ability effects, respectively.
The wheat entries were planted on 25" November
(optimum sowing date when the temperature
is 25°C) for the 2019/2020 season using 15
uniformed seeds in each pot and about four cm
sowing depth. After 20 days from sowing, the
plants were thinned, and only five seedlings were
carefully left in each pot to grow until maturity
for each experiment.

Treatment and growth conditions

The plants in the two experiments were grown
in 30 X 40cm black plastic bags field with about
15kg of sand washed by tap water to avoid salt
accumulation. The control conditions mean
controlled irrigation using regular drinking water
or tap water until harvesting. While, salinity
experiment means irrigating using 20.38%
seawater obtained from Alexandria seawater
and specifically from Al-Agami resort with
EC: (51.50 dsm™") to be after dilution 10.50
dsm™, (Table 2) from the first day of sowing at
a rate of two liters per each black plastic bags
(enough for irrigation and leaching to avoid salt
accumulation) until harvesting. The irrigation
process for each treatment was done every five
days. The harvesting process was done after 155
days from sowing in both experiments. Harvest
was done on 29" April in the early morning to
avoid overseeding.

TABLE 1. Classification of the 7 wheat genotypes used in a half diallel analysis

Serial No. Names of genotypes Origin Salinity tolerance Reference

1 Sakha 8 Egypt Tolerance (Ragab & Khier, 2019).
2 Shandweel 1 Egypt Tolerance (Ragab & Khier, 2019).
3 Masr 1 Egypt Tolerance (Ragab & Khier, 2019).
4 Giza 171 Egypt Moderate (Ragab & Khier, 2019).
5 Sakha 94 Egypt Moderate (Ragab & Khier, 2019).
6 Gimeaza 11 Egypt Moderate (Ragab & Khier, 2019).
7 Gimeaza 12 Egypt Moderate (Ragab & Khier, 2019).
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TABLE 2. Chemical analysis of both types of water
irrigation (control water and saline
water) using in this study

Control Saline
irrigation irrigation
Characteristics (Tap 0%' CO(I)‘ltI'Ol usin%g 20%
water) (Seawater)
EC (dsm™) 0.57 10.50
pH (1:2.5) 7.01 8.07
Ca™ (mgL™") 1.45 8.74
Mg™ (mgL™") 1.41 28.52
Na* (mgL™") 1.69 59.34
K*(mgL™") 0.21 2.19
CO, (mgL™) 0.0 0.08
HCO, (mgL™") 3.49 3.96
CI' (mgL™") 0.91 98.15
SO, (mgL™") 0.27 0.86

The number of irrigation times from planting to
harvest

The control experiment was needed to 28
times for irrigation starting from the sowing day
to maturity. Also, the salinity experiment was
started to irrigate using salt solution starting the
first planting day and the total number of irrigates
was 28 irrigate. The addition of irrigation of both
water types for both experiment was prohibited
before harvest with 15 day. In other words,
once the plants reach the stage of physiological
maturity, that is, at the age of 125 days from
planting. The irrigation process continues for
both experiments for two weeks, and irrigation
is completely prohibited for the two experiments
when the plants are exactly 140 days old, i.e.
about two weeks after the end of physiological
maturity.

It is noted that, fifteen black plastic bags
were allocated to grow each genotype for each
replicate in each experiment separately to take
the largest number of measurements, especially
in the salt stress experiment. Through results of
previous papers and studies (Ragab & Khier,
2019) found that 20.38% sea water or sea
water diluted by 79.62% with EC 10.50 dsm
!'is a dose or salt stress limit that can sort and
filter all wheat genotypes under evaluating and
determine which of them are tolerant, moderate
and sensitive to salt stress. Therefore, it was
used in this study and was only satisfied with it
to prevent wasting time, costs and to preserve the
genetic materials, especially hybrids. Further,
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doses less than that do not give definitive results
about the extent of tolerance and a dose higher
than 20.38% sea water is often lethal. So, this
dose (20.38%) of scawater was the ideal dose in
this study according to Ragab & Khier (2019).

Chemical analysis of both water types

All elements evaluated presented in table
(2) were obtained from three replicates of each
experiment and were analyzed through RCBD
(a randomized complete block design for each
experiment). pH was conducted in Table 2 by
pH Meter (Electrometric method with a glass
electrode Hanna USA). Also, EC was determined
in mmhos/cm at 25°C according to the method
by Piper (1947), Salinity Laboratory Staff
(1954). Further, the model of pH and EC Meter
is (HI9813-6). All anions and cations elements
viewed in Table 2 were determined by the
method of Beckman flame spectrophotometer
(Gilbert et al., 1950).

Physical analysis of planting soil

The soil used in sowing for both treatments
were sandy soil (92.0% sand, 3.5.0% slit, 0.8%
organic mater, 8% clay and 3.5% clay) and
was physically analyzed using sieving method
to remove impurities, homogenize the soil, and
stabilize weight according to Gee & Or (2002).

Screening for salinity tolerance (salinity indices)

All salinity tolerance indices were estimated
according to Fischer & Maurrer (1978),
Bouslama & Schapaugh (1984), Lin et al.
(1986), Hossian et al. (1990), Fernandez (1992),
Gavuzzi et al. (1997), Golestani & Assad (1998),
and the data collected was obtained from three
replicates of both experiment for grain yield trait
only and was analyzed by RCBD (a randomized
complete block design) as follows:-

GYP: Is meaning the grain yield/plant for the
control experiment.

GYS: Is meaning the grain yield/plant for the
salinity experiment.

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.

YI: Is meaning yield index (YS for each
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genotype/mean of YS for all genotypes).

MP: Is means (Average yield for both trials): YS
+YP/2

STI: Is meaning salinity tolerance index (YP X
YS/ (mean of YP)?

GMP: (YP X YS) %3
YR: Is meaning yield reduction (1-YS/YP)

SSI: Is meaning salinity susceptibility index
= DSI = (1-YS/YW)/D where YS = mean
yield under salt stress, Yw = mean yield under
control condition, and D = environmental stress
intensity= 1-(mean yield of all genotypes under
stress/mean yield of all genotypes under irrigated
conditions).

Plant trial measurement and parameters
measured Morphological and physiological:

Fifty plants were taken from each genotype of
each replicate for each experiment (The control
or saline treatment) to evaluate the following
traits as follows:-

1) Number of spikes/plant: 1t was recorded
by counted number of spikes per each individual
plant.

2) Number of filled grains/spike: Filled grains
of the main panicle with separated and counted.

3) 1000-grain weight: 1t was recorded as the
weight of 1000 random filled grains per plant.

4) Grain yield/plant: 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: Shoots sampling
was obtained 45 days from sowing from each
experiment because germination/emergence and
tillering stages are among the most important
and sensitive periods for salt stress in wheat.
The salinity treatment by seawater was at 10500
ppm. The samples were weighed and dried
for three days at 70°C. Finally, samples were
grounded and 1 gram dried powder from each
sample for all studied materials under control
and salt stress experiments and was taken for

Na+ and K+ determination by flame photometer.

8) Osmotic adjustment: It was
determined by the formula of Jones & Turner
(1978) as follows: Osmotic adjustment=

O.P.x RW.C. (Normal) - O.Px R.W.C.

drought)'®
100 100 ( ght)

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

9) The proline content: it was determined
according to Chinard (1952) and modified
method by Bates et al. (1973) for both
experiments as follows:

1) Approximately 0.5g of plant material
“leaf” was homogenized in 10mL 3% aqueous
sulfosalicylic acid and the homogenate filtered
through what man 2 filter paper.

2) Two mL of filtrate was reacted with 2mL
acid-ninhydrin and 2mL of glacial acetic acid
in a test tube for 1hr at 100°C, and the reaction
terminated in ice bath.

3) The reaction mixture was extracted with
4ml toluene mixed vigorously with a test tube
stirrer to 15-20sec.

4) The chromophore containing toluene was
aspirated from the aqueous phase, warmed to
room emperature and the absorbance read at
520nm using toluene for a blank.

5) The proline concentrations were
determined from a standard curve and calculated
on a fresh basis is as follows:

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

The results related to proline content are
average values at least 3-4 samples for each
species.

10) Glycine betaine contents It was carried
out for both treatments according to the method
of Grieve & Grattan (1983) as follows:

Plant drying method
Half ofthe freshly harvested plant samples, 12
replicates each containing 24 randomly selected
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plants, were immediately submerged into liquid
N2 and then dried at ambient temperature under
3.33 Pa pressure in a Virtis* freeze drying
apparatus. The other half of the plant samples
were placed in paper bags and dried in an oven
at 80~ for 4 days. After the tissue was dried,
it was ground in a blender and stored at room
temperature in glass vials.

Extract preparation: Dried finely-ground
plant material (0.500g), was mechanically
shaken with 20 ml of deionized H20 for 24
hours at 25~ Time required for this step was
determined by extracting the plant samples for
1,4, 16, 24 and 64 hours. The samples were then
filtered and the filtrates were stored in the freezer
until analysis.

Total glycine betaine determination: Thawed
extracts were diluted I: 1 with 2N H,SO,.
Aliquots (0.50mL) were measured into heavy
walled glass centrifuge tubes and cooled in ice
water for 1 h. Cold KI-I, reagent (0.20mL),
prepared by dissolving 15.7g of iodine and
20.0g of KI in 100mL water 9 was added and
the reactants were gently stirred with a vortex
mixer. The tubes were stored at 0-4~ for 16hrs
and then centrifuged at 10,000 rpm for 15 rain
at O~ The supernatant was carefully aspirated
with a fine tipped glass tube. Because the
solubility of the complexes in the acid reaction
mixture increases markedly with temperature,
the tubes must be kept cold until the periodide
complex is separated from the acid media. The
periodide crystals were dissolved in 9.0mL of
1,2-dichloroethane (reagent grade). Vigorous
vortex mixing was frequently required to effect
complete solution in the developing solvent.
After 2-2.5hrs, the absorbance was measured
at 365 nm with a Hitachi Spectrometer model
100-20. Reference standards of GB (50-200 ~tg/
mL) were prepared in IN H,SO,. The stability
and reproducibility of the absorbance values
are dependent on the acid concentration of the
periodide reaction medium. We tested this effect
using a standard solution of GB (90 lag/mL) at
various acid concentrations (0 to 8N HzSO,).
Standard curves were prepared with every set of
plant samples.

It is noted that both fresh leaves samples

for determining the proline and glycine betaine
contents were obtained 45 days from sowing.
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Molecular biology experiments

DNA isolation and SCoT analysis

Genomic DNA was extracted from fresh
leaves of 12 wheat entries (The seven parents
which have various responses for salinity tolerant
and the best five crosses resulting from these
parents using half diallel analysis and recorded
highly tolerance of salinity stress according to
all results calculated from all studied traits under
both conditions.) according to the protocol of
Biospin plant genomic DNA extraction Kit (Bio
basic). Nine (SCoT) primers SCoT 6, 7, 8, 12,
16, 20, 25, 28 and 32 were selected according
to Collard & Mackill (2009). Amplification
reactions were carried out in a total volume of
25 pl, containing 40-100ng of isolated genomic
DNA, 2.5uL of 10X buffer [100mM Tris-Cl-
pH 8.3, 0.5M KCI, 0.1% (w/v) gelatin], 1.5mM
MgCI2, 200uM of each dNTPs, 0.5uM primer,
0.5 units Tag DNA polymerase. Amplification
conditions was as follow, 95°C for 5min for the
initial denaturation step, followed by 35 cycles
at 94°C for Imin for denaturation, a primer
annealing at 50°C for 1 min, and an extension at
72°C for 2min; finally, the extension was carried
out at 72°C for 7min. All PCR amplification
products were separated on 1.2% agarose gels in
TBA 0.5% then stained with ethidium bromide
and visualized under UV light.

The twelve wheat genotypes were 1: (Parent
1), 2: (Parent2) 2, 3: (Parent 3), 4 :(Parent 4), 5:
(Parent 5), 6: (Parent 6) and 7: (Parent 7) and
the best five hybrids namely; H1: (P1 x P2), H2:
(P1x P3),H3: (P2 x P3), H4 : (P2 x P4) and H5:
(P3 x P4) according to the protocol of Biospin
plant genomic DNA extraction Kit (Bio basic),
respectively.

SCoT 6 CAACAATGGCTACCACGC
SCoT 7 CAACAATGGCTACCACGG

SCoT 8 CAACAATGGCTACCACGG
SCoT 12 ACGACATGGCGACCAACG

SCoT 16 ACCATGGCTACCACCGAC
SCoT 20 ACCATGGCTACCACCGCG

SCoT 25 ACCATGGCTACCACCGGG
SCoT 28 CCATGGCTACCACCGCCA

SCoT 32 CCATGGCTACCACCGCAC

PCR-generated SCoT bands were detected on
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gels and then scored as absent (0) or present (1),
only clear, reproducible bands were scored. The
primer name (PN), total number of bands (TNB),
polymorphism information content (PIC),
polymorphic bands (PB) and polymorphism (%).

Statistical analysis

Analysis of variance (ANOVA test)

The analysis of variance and expected mean
squares of the studied characters for hybrids and
their parents were computed using the formula
of Griffing (1956) model 1, method 2 (This
analysis related to parent and their F1 crosses
only without reciprocals) using three replicates
of each experiment in (RCBD).

Estimation of heterosis

The heterosis of an individual cross was
determined for each trait as the increase of
the F, hybrid mean over its better parent, (i.e.
heterobeltiosis), as follows:

joe]]

F-

-BP. 100
B.

Heterosis over the better parent %=

=l

where: E: Mean value of the first generation,
B.P.= Mean value of the better parent.

L.S.D. values were calculated to test the
significance of the heterosis effects, according to
the following formula suggested by Wyanne et
al. (1970).

2MSe
T

L.S.D. for better parent heterosis =t

Estimation of combining ability effects (GCA
and SCA)
The analysis of variance for hald diallel
analysis including parents and crosses was
computed according to Virmani et al. (1997).

L.S.D.=T X +/2MSe/r , *: it means significant
at 5%, **: it means significant at 1%

Estimation of combining ability
Griffing (1956) stated that the mathematical
model and method 2 in this case was as follows:

Xij=U + gi + gj + sij + eijk

where: Xij= The value of a cross between
parent (i) and parent (j), U= The population
mean, gi= The general combining ability (gca)
effect of the parental variety, gj= The general
combining ability (gca) effect in parental

variety, sij= Specific combining ability effect
(sca) for the cross, eijk= The mean error effect;
(i.e. the environmental effect associated with the
individual observations).

The estimates of general combining ability
effects (gi®) and specific combining ability
effects (sij) were computed as follows:

gi=1/p+2 (xi + xij- 2/p X....
sij = xij-1/p+2 (xi+xii+xj+xij)+2/(p+1)(p+2) X..

The variances of both effects and differences
between effects were estimated as follows:

Var (gi) = p-1/p(p+2) 9%

Var (sij) = 2p+p+2/(p+1)(p+2) o%e (i#))
Var (sij-sik) = 2(p+1)/(p+2) 0%

(i#, k, j#k1 and k#£1)

The principle components analysis

The principal components analysis worked
among traits for classifying the first two principal
components that were graphically plotted against
each other, using biplot graph according to Yan
& Rajcan (2002). Hierarchical cluster and bi-plot
analysis were performed using software program
Minitab v.19 according to Sally et al. (1986).

Unit variance scaling method as follows:
The model: Y,, = p + G+ E + GE + B, +
E>, was applied where p is the mean, G;is the
effect of the i™ genotype, E, is the effect of the
jth environment, GE; is the interaction of the
i genotype with the jth environment, Bij is the
effect of the k™ replication in the j™ environment,
and E)Ukis the random error.

Results

ANOVA and mean performance of the studied
traits

Data of ANOVA test obtained in Table 3
detected that mean squares due to genotypes,
parents, and F1 crosses were highly significant for
all studied traits, namely; the number of spikes/
plant, number of filled grains/spike, 1000-grain
weight, grain yield/plant and physiological
traits related to salinity tolerance namely; Na*,
K" uptake, Na"/K* ratio, osmotic adjustment,
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proline and glycine betaine contents under
control and salinity conditions, indicating wide
diversity between parents. Also, mean squares
due to parents vs. crosses, which indicate the
average heterosis, were highly significant for all
studied attributes under the same treatments. In
the same track, mean squares due to both general
(GCA) and specific (SCA) combining abilities
effects were highly significant in all traits under
the control and salinity stress experiment. These
results confirmed both additive and non-additive
types of gene action in inheriting and controlling
the previous morphological and physiological
traits under control and salinity conditions. The
GCA/SCA ratio was less than the unity in all
studied attributes under both experiments. This
confirms that non-additive gene action is very
important in inheriting and controlling these
traits under both conditions. Therefore, the
selection will be effective using the bulk, and not
the pedigree method.

Results of mean values estimated for all
morphological and physiological traits under
control and salinity stress conditions and
presented in Table 4 confirmed that the wheat
genotypes; P1, P2, P3, P1 X P2, P1 X P3, P2 X
P3, P2 X P4, and P3 X P4 exhibited the highest

mean values for all attributes studied in the two
experiments. For example, but not limited to
grain yield/plant has achieved great superiority
under salinity stress conditions compared to
the control experiment in the aforementioned
superior wheat genotypes where its data was as
follows; (55.28 and 38.77gm) for parent 1, (48.94
and 35.14gm) for parent 2, (57.26 and 42.33gm)
for parent 3, (77.22 and 63.18gm) for P1 X P2,
(82.04 and 68.67gm) for P1 X P3, (77.84 and
59.44gm) for P2 X P3, (69.83 and 54.12gm) for
P2 X P4 and (80.03 and 51.19gm) for P3 X P4
under both conditions, respectively. In the same
context, the superiority was apparent in other
important traits, notably osmotic adjustment and
the estimated values of some organic compounds
closely related to the endurance of salt stress,
such as the content of proline and glycine
betaine. The values of osmotic adjustment of the
aforementioned superior wheat genotypes were
lower than the control osmotic pressure values.
In addition, the values of proline and glycine
betaine contents were higher under salt stress
treatment than the control experiment in the
same superior genotypes. These promising wheat
genotypes mentioned above also excelled in the
rest yield components traits under the salt-stress
conditions compared to the control experiment.

TABLE 3. Mean squares of the half diallel analysis for all morphological and physiological traits for the control

and salinity conditions

Number of spikes/ Number of filled 1000-grain weight Grain yield/ Na* content

S.0.V D.F plant grains/ spike (gm) plant (gm) (ppm)
N S N S N S N S N S

Reps 2 0.75 0.48 1.72 1.49 5.33 8.40 11.79  9.64 0.62 1.07
Genotypes 27 39.56*%*%  42.06*%* 12.87**% 22.08*%* 115.38%* 110.81*%* 45.90*%* 63.17** 14.73%* [7.39%*
Parents 6 271.94%* 165.80%* 194.27** 386.37** 684.29%* 327.10%* 16.29%* 42.0%* 234.97** 128.49**
gagecrfsses 49.56** 123.08** 58.39** 19.07** 175.29** 259.49%* 7.19%* 18.41** 71.45%* 5512%%*
Crosses 20 138.97** 255.73** 02.71** 103.15%* 405.08%* 242.31** 28.93** 35.68** 118.36** 38.23**
GCA 6 234.46** 215.06%* 163.77** 182.0%* 316.23** 240.0%* 60.73%* 109.04** 413.88** 296.43**
SCA 21 190.02*%* 87.55%* 55.14%* 111.32%* 190.64%* 158.33%* 37.44%* 78.22%* 276.55%* 181.33**
Error 54 1.12 0.67 1.55 1.83 0.37 0.26 0.46 0.87 1.38 1.62
Error term 0.37 0.22 0.51 0.61 0.12 0.08 0.15 0.29 0.46 0.54
GCA/SCA 0.17 0.35 0.42 0.23 0.23 0.21 0.23 0.19 0.21 0.23

N: Normal treatment, S: Salinity treatment
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TABLE 3. Cont.

Glycine betaine

S.0.V D.F K content (ppm) Na/K ratio Osmotic Proline content content
adjustment
N S N S N S N S

Reps 2 7.44 12.05 10.27 8.91 0.93 2.52 4.15 17.43 19.02
Genotypes 27 128.49** 115.68%* 27.58** 53.20%* 249.23%* 10.49%*  7.59%*  112.39%*  77.43%*
Parents 6 287.32%* 198.17** 79.44** 108.06** 38.09%%  574.81** 185.77** 63.52%*  111.94%*
fr"‘;::;: VS 1 46.20%F 201.08%* 1532%F  721%* 4.68%%  132.81%* 118.69%* 3.07%*  15.78%*
Crosses 20 126.94%* 305.02** 298.11** 86.55%* 13.56%*%  403.06** 277.55%*% 14.09%*  12.03**
GCA 6 94.66%* 83.57** 271.34*%* 204.05%* 39.88%* 72.11%*%  54.03**% 104.35%* 110.79**
SCA 21 45.22%*% 61.45%*% 67.22%* 150.84** 28.07** 40.16*%* 19.68%* 58.39%*  69.26%*
Error 54 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
GCA/SCA 0.30 0.19 0.57 0.19 0.20 0.25 0.39 0.25 0.22
GCA/SCA ratio: MSe of GCA-MS error term /Number of parent + 2/ MSe of SCA-MS error term , N: Normal treatment, S: Salinity
treatment.
Genetic parameters promising wheat hybrids mentioned above,

Heterosis namely; P1 X P2, P1 X P3, P2 X P3, P2 X P4, and

Data on heterosis over better-parent for all
studied traits in the two experiments are presented
in Table 5. It is noted that the most desirable
crosses exhibited significant and highly significant
positive values of heterosis over better-parent for
the traits; the number of spikes/plant, number of
filled grains /spike, 1000-grain weight, grain yield/
plant, K+, proline, and glycine betaine contents
under control and salinity conditions were P1 X
P2, P1 X P3, P2 X P3, P2 X P4, and P3 X P4,
respectively. Further, some crosses recorded
the same results in the positive direction for the
previous genetic parameter, namely; P4 X P5 and
P5 X P7 for both conditions and the cross P4 X
P7 under control treatment only for the number of
spikes/plant trait, P4 X P6 under control experiment
only and P4 X P7 under both conditions for the
number of filled grains /spike trait, the crosses;
P4 X PS5 and P5 X P7 under both conditions for
1000-grain weight trait, P4 X P5 and P4 X P6
for control treatment only, PS5 X P6 for salt-stress
treatment only and the cross P6 X P7 under both
experiment for grain yield/plant trait, P4 X P7 for
both conditions and P5 X P7 for control conditions
only in K+ content trait and the crosses; P4 X P5
and P4 X P6 for control experiment only besides,
P4 X P7, P5 X P6, and P5 X P7 for both treatment
in proline content trait, respectively. Conversely,
significant and highly significant negatively values
of heterosis over better-parent under control and
salt-stress conditions were observed in the five

P3 X P4 for the traits; Na+ content, Na+/K+ ratio,
and osmotic adjustment besides, the cross P5 X P6
under salinity treatment only for Na+ content trait.

Combining ability effects

Results shown in Table 6 and associated with
GCA effects confirmed that the first three wheat
parents, namely; Sakha 8, shandweel 1, and masr
1 exhibited significant and highly significant
positively values for the number of spikes/plant,
number of filled grains /spike, 1000-grain weight,
grain yield/plant, K*, proline, and glycine betaine
contents in this regard under both experiments.
While, the same wheat genotypes were recorded the
same results but in the negative direction under the
same treatments for Na*, Na“/K* ratio contents, and
osmotic adjustment traits, respectively. For SCA
effects, five crosses only out of 21 cross exhibited
significant and highly significant positive values
of this genetic parameter under both conditions for
the traits; the number of spikes/plant, number of
filled grains /spike, 1000-grain weight, grain yield/
plant, K+, proline, and glycine betaine contents.
These superior crosses were P1 X P2, P1 X P3, P2
X P3, P2 X P4, and P3 X P4, respectively. Further,
the same five promising wheat crosses recorded
significant and highly significant negative values
of SCA effects under both conditions for Na+, Na*
K" ratio contents, and osmotic adjustment traits in
Table 7, respectively.
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TABLE 8. Estimation of salinity tolerance indices for the 12 wheat genotypes especially for grain yield/plant trait

under both treatments

Genotypes GYP GYS YSI YI MP STI GMP YR SSI
Parent 1 55.28 38.77 0.70 0.91 47.02 0.66 46.29 0.30 1.20
Parent 2 48.94 35.14 0.71 0.82 42.04 0.53 41.46 0.29 1.16
Parent 3 57.26 42.33 0.73 0.99 49.79 0.74 49.23 0.27 1.08
Parent 4 34.05 26.14 0.76 0.61 30.09 0.27 29.83 0.24 0.96
Parent 5 29.07 23.14 0.79 0.54 26.10 0.20 25.93 0.21 0.84
Parent 6 32.76 21.04 0.64 0.49 26.90 0.21 26.25 0.36 1.44
Parent 7 37.93 25.78 0.67 0.60 31.85 0.30 31.27 0.33 1.32
P1 X P2 77.22 63.18 0.81 1.48 70.20 1.50 69.84 0.19 0.76
P1 X P3 82.04 68.67 0.82 1.61 75.35 1.74 75.05 0.18 0.72
P2 X P3 77.84 59.44 0.76 1.40 68.64 1.43 68.02 0.24 0.96
P2 X P4 69.83 54.12 0.77 1.27 61.97 1.16 61.47 0.23 0.92
P3 X P4 80.03 51.19 0.63 1.20 65.61 1.26 64.0 0.37 1.48
LSD at 0.05% 11.94 16.87 0.04 0.02 15.43 0.03 11.94 0.07 0.25
Biplot of all phenotypic traits
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Fig. 1. Bi-plot analysis of morpholoical and physiological traits to classify 28 wheat genotypes their names were
1: P1,2: P2, 3:P3, 4:P4, 5:P5, 6:P6, 7:P7, 8:P1XP2, 9:P1XP3, 10: P1XP4, 11:P1XP5, 12:P1XP6, 13:P1XP7,
14:P2XP3,15: P2XP4, 16: P2XP5, 17 : P2XP6, 18: P2XP7, 19: P3XP4, 20:P3XP5, 21 : P3XP6, 22: P3XP7,

PCA 1 (82.67%)

23:P4XP5, 24: P4XP6, 25: P4XP7, 26 :P5XP6, 27: PSXP7 and 28: P6XP7, respectively

Similarity
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Fig. 2. Cluster analysis based on phenotypic traits to classify 28 wheat genotypes their names were names were

1: P1, 2: P2, 3: P3, 4: P4, 5: PS5, 6: P6, 7: P7, 8: P1XP2, 9: P1XP3, 10: P1XP4, 11: P1XP5, 12: P1XP6, 13:
P1XP7, 14: P2XP3,15: P2XP4, 16: P2XP5, 17: P2XP6, 18: P2XP7, 19: P3XP4, 20 :P3XPS5, 21: P3XP6, 22:
P3XP7, 23:P4XP5, 24: P4XP6, 25: P4XP7, 26 :PSXP6, 27: PSXP7 and 28: P6XP7, respectively
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Molecular markers

SCoT primers were used to fingerprint and
find an association among wheat hybrids and
their respected parents with 48 bands. Out of nine
used primers, only six generated polymorphic
bands with a total of 43 polymorphic bands that
were scorable and detected on both gels were
considered for diversity analysis; two of them
were uninformative (SCoT 8 and 28) with 11
bands. Only four primers (SCoT 6, 12, 16, and
25) generate 32 informative 32 bands and show
specific bands in parents and respected hybrids, as
shown in table 9. Other primers (SCoT 7 and 32)
gave only monomorphic bands with two bands
and SCoT 20 with one monomorphic band. The
highest number of SCoT bands occurred with
SCoT 16 with 11 bands, followed by SCoT 12 with

eight bands with the highest PIC values 0.48 and
039, respectively. Here, we evaluated nine SCoT
primers and studied their ability to discriminate
between the salt tolerance of genotypes and
their selected hybrids through identifying allele
markers. In this study, a total of 48 bands were
detected with an average of 5.33 alleles and a PIC
value of 0.28 per primer (Table 9). Furthermore,
the polymorphism percentage for SCoT primers
ranged from 71 to 90% with specific bands with
size (Fig 3). Moreover, bands with sizes 1050 and
550 bp were bands using SCoT 6 found on P3
corresponding P2 X P3 and P4 and their hybrid
P2 X P4, respectively. Similarly, using SCoT 12,
a band was found in P1 and their hybrid P1 X P2
with size 720pb.

TABLE 9. Amplification results generated by SCoT primers in 12 wheat genotypes

(Guanin- Number of PIC
Primer Primer cytosine Total olymorphic  (Polymorphic
, Y No. of Band size/bp polymorp _oymorp
number. sequences (5'—3') content %) band bands information
GC(%) (poly %) content)
SCoT 6 CAACAATGGCTACCACGC 56 7 1050-200 5 (71%) 0.36
SCoT 8 CAACAATGGCTACCACGG 56 4 600.250 3 (75%) 0.28
SCoT 12 ACGACATGGCGACCAACG 61 8 1200-350 6 (75%) 0.39
SCoT 16 ACCATGGCTACCACCGAC 56 11 1000-120 10 (90%) 0.48
SCoT25 ACCATGGCTACCACCGGG 67 6 900-150 5(83%) 0.34
SCoT 28 CCATGGCTACCACCGCCA 67 7 1000-200 6(85%) 0.33

SCoT 16

SCoT 25

Fig. 3. SCoT profiles produced with different primers, M 100 bp ladder marker; 1: P1 (Sakha 8), 2: P2 (Shandweel
1), 3: P3 (Masr 1), 4: P4 (Giza 171), 5: P5 (Sakha94), 6: P6 (Gimeaza 11), 7: P7 (Gimeaza 12), 8: P1 X P2,
9: P1 XP 3,10: P2 X P3, 11: P2 X P4 and 12: P3 X P4, respectively
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Discussion

Results generated from Table 3 are the largest
evidence of the effect of additive and non-
additive gene action on selecting important and
desired quantitative traits for the breeder, such as
high yielding associated with the plant’s tolerance
to difficult environmental factors challenges like
salt stress. In addition, the selection process for
these traits will be influential and important in
the genetic improvement of wheat to tolerate this
dangerous environmental factor if it takes place in
the early segregation generations. Therefore, this
study succeeded in selecting and using different
wheat genotypes in response to salt stress. So
that, there is a great opportunity for the breeder to
choose the most tolerant genotypes from among
the large number of hybrids produced in this
context. These results agreed with those reported
by El-Mouhamady et al. (2014, 2016), Esmail
et al. (2016), El-Mouhamady et al. (2019), El-
Mouhamady & Ibrahim (2020), EI-Mouhamady
& El-Metwally (2020).

By observing all results shown in Table 4, it
is clear that the superior genotypes in all studied
traits have shown a great tolerance to salt stress
under salinity treatment compared to the control,
namely; P1, P2, P3,P1 X P2, P1 X P3,P2 X P3, P2
X P4, and P3 X P4 were based in their endurance
on a large number of reasons and mechanisms
that supported their position in this tolerance.
Because they were able to reduce the level
losing in the final output and its components to
a minimum limit under salinity-stress conditions
compared to the control experiment through
genetically and physiologically transformation
in biological and biochemical processes by the
osmotic modification in the cell. This fundamental
modification ensures the continuity of plant life
under salt-stress conditions by reducing the high
osmotic pressure that causes the exit of the water
from inside cells to the lowest limits. Besides,
converting it to the modified osmotic pressure
(osmotic adjustment). Thus, reducing the degree
of sodium toxicity in cells and increasing the
potassium content is responsible for withstanding
salt stress. This, of course, is done through
physiological and genetic control of opening and
closing the root system (Embryonic adventitious
roots) to receive a low rate of sodium element and
increase the amount of potassium element. Also,
controlling the process of opening and closing
of the stomata to prevent the depletion and

Egypt. J. Bot. 61, No.3 (2021)

consumption of a large amount of water during
the photosynthesis process besides, preserve it for
only vital processes such as germination, growth,
leaf and fruiting formation, and high yield
production under these critical physiological
conditions. Further, the production and excretion
of a large level of proline and glycine betaine
contents under salt-stress conditions compared
to the control experiment in the aforementioned
promising wheat genotypes has added a
physiological reason to bear not only to the salt
stress but also for all environmental stresses that
harm plants and destroy the final output (Abdel
Sattar & El-Mouhamady, 2012; El-Mouhamady
et al., 2016; Sahoo et al., 2018; Selem, 2019;
Shaimaa et al., 2019; Yassin et al., 2019; Ebeed
et al., 2019; Loutfy et al., 2019; Genc et al.,
2019; El-Mouhamady et al., 2019; Abou Alhamd
& Loutfy, 2020; Bacu et al., 2020; Al-Ashkar
et al., 2020;Gaafar et al., 2020; EI-Mouhamady
& Ibrahim, 2020). Results shown in Table 5 are
related to heterosis over better-parent asserted
the fruitful role of dominance and dominance X
dominance gene action. Further, this is closely
related to the important function of SCA effects
for controlling and inheriting salt-stress tolerance
in the superior wheat genotypes, namely, P1 X P2,
P1 X P3, P2 X P3, P2 X P4, and P3 X P4. This
indicates the positive results of wheat tolerance
to salt stress obtained from the transgressive
segregation in all studied traits, especially the
superiority occurring in grain yield/plant and
its components under salt-stress conditions,
compared to the control experiment. Accordingly,
The five promising wheat hybrids superior in all
morphological and physiological traits, deservedly
to be the actual nucleus for producing wheat lines
highly tolerant to salt stress besides the highest
output under Egyptian conditions. That is by
tracing its cultivation from the first generation to
the later segregation generations with the follow-
up of selection for salt stress tolerance and high
yield in a saline environment besides the control
soil. These results agreed with those reported by
several investigators (El-Mouhamady et al., 2014;
Eldessouky et al., 2016; El-Mouhamady et al.,
2016; EI-Mouhamady etal., 2019; EI-Mouhamady
& Ibrahim, 2020). Data of GCA effects obtained
in Table 6 detected the important role of additive
and additive X additive types of gene action
responsible for controlling the previous traits and
inheriting the ability of salt-stress tolerance in
the recent wheat genotypes. Whatever, the values
of SCA effects obtained in Table 7 showed the
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impact and the fruitful function of dominance
and dominance X dominance types of gene action
for increasing and enhancing salinity tolerance
in wheat genotypes under salinity treatment
compared to the control experiment. In addition,
SCA effects were correlated with heterosis over
better-parent for screening and testing a large
number of hybrids for salinity stress tolerance.
This is the desired goal of this investigation (EI-
Mouhamady et al., 2012a, b, c; Ramadan et al.,
2016; Heiba et al., 2016a; Khatab et al., 2019;
Tawfik & El-Mouhamady, 2019).

Salinity tolerance indices test succeeded
in sorting and sifting 12 wheat genotypes and
determining their response to this devastating
environmental stress in Table 8. Because this
test was based primarily on knowledge of a set
of genetic parameters, foremost of which is
knowledge of the losing degree in the final output
and the degree of sensitivity to salt stress and
its linkage with the rest of the basic constants
in this test. The most desirable wheat genotypes
that exhibited a high rank of YI, MP, and GMP
were the first three parents and the five superior
crosses namely; P1 X P2, P1 X P3, P2 X P3, P2
X P4, and P3 X P4. Also, these genotypes gave
low values in the test parameters YR and SSI,
which strongly confirms its high unmatched
tolerance under salt stress conditions compared
to the control experiment. Because it succeeded
well in reducing the loss level in the final yield
under salinity conditions, this mechanism was
not achieved in the rest of the wheat genotypes
under study. This largely reflects the extent of the
genetic and physiological changes that enabled
these promising genotypes to salt-stress tolerance
and maintained a good level in the final output
(Esmail et al., 2016; El-Demardash et al., 2017,
Yassin et al., 2019).

Fromthe previous results, it could be concluded
that the first three wheat parents namely; Sakha 8,
shandweel 1, and masr 1 were the most desirable
wheat genotypes which exhibited the highest mean
values of all morphological and physiological
traits under salt-stress treatment compared to
the control conditions besides, the crosses; P1
X P2, P1 X P3, P2 X P3, P2 X P4, and P3 X
P4, respectively. Also, the five promising wheat
hybrids mentioned above were recorded highly
significant and positive results of heterosis over
better parent, and they were very distinguished
concerning the incident superiority for SCA

effects which indicates that these genotypes are
the actual nucleus for producing salinity tolerance
wheat lines in addition, high yielding in this
regard. Results of Bi-plot analysis were in good
harmony with Dehghani et al. (2012), Saroei et
al. (2017), Mariey et al. (2021), who reported
that the hierarchical cluster and Bi-plot analysis
based on phenotypic traits were aimed to detect
homogeneous groups with large heterogeneity
among them. Also, they are considered a valuable
tool for subdividing the number of genotypes
in groups including similarity and dissimilarity
genotypes, to help the breeder plan an effective
breeding program. Agro-physiological,
genotyping, and molecular marker development
provide the potential criteria to realize innovative
knowledge that could assist the selection and
breeding of wheat highly yielded hybrids with
increased salt stress tolerance or improved traits
under harsh conditions. This, in turn, allows
the conception of new genotypes of sustainable
wheat. The benefits of genetic differentiation are
that the DNA is not affected by the environment
and is stable. Moreover, it seems to be a hopeful
tool for predicting heterosis in many crops, such
as rice (Zhang et al., 1996) and wheat (Martin et
al., 1995; Heiba et al., 2016b). The seven parental
genotypes used in this study showed large genetic
diversity among themselves, indicating an
increased potential for strong out-crossing and
higher performance of F1 hybrid varieties, which
are essential for the occurrence of hybrids (Cox
& Murphy, 1990; Zian et al., 2013). Furthermore,
combined with DNA marker SCoT 6, 12, and
16, discriminate the parental genotypes under
study and their potential hybrids with specific
bands shared with parents and represented
hybrid, Table 9. These bands presented the same
molecular weight in one parent and hybrid. This
study reported herein organizes the first analysis
of diversity in the wheat genotypes and some
respected hybrids for salinity using SCoT markers
which are reproducible and reliable markers
for hybrids identification and genetic diversity
studies on wheat. In this study, the average values
of alleles and PIC per primer are comparable
with those obtained in wheat genotypes with
different levels of salt tolerance using different
SCoT primers (Somayeh et al., 2020). These
results indicate that the tested primers are highly
informative and capable of discriminating
between the levels of salt tolerance among studied
wheat genotypes and selected promising hybrids.
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Conclusion

This study shed light on more points related
to reactions associated with exposure of some
wheat genotypes to salt stress and discussed the
mechanisms of tolerance and the factors associated
with this matter. This was done using seven
wheat bread varieties; three of them are tolerant
to salt stress. The rest of the genotypes were
classified as medium endurance. The crossing
procedure was done among them using a half
diallel system. All genotypes included parents,
and their F1 crosses were evaluated under control
and salinity conditions by estimating some agro-
morphological and physiological traits besides
salinity tolerance indices parameters specifically
for grain yield/plant trait. Molecular genetics had
an effective and significant role in determining
the genetic differences at the molecular level
between the seven wheat parents and the five best
hybrids that were superior in all traits under study
in terms of salt stress tolerance. This superiority
was under saline stress treatment compared
to the natural soil. It also had a vital role in
determining the genotypes wheat tolerant to salt
stress from sensitive and medium tolerant in this
regard. This is the real achievement of improving
salinity tolerance of Egyptian wheat varieties and
enriching the plant breeding program for wheat
tolerance to environmental stresses with these
promising genotypes.

Acknowledgments:  Special thanks to the
Department of Genetics and cytology, National
Research Centre and Department of Genetics,
Faculty of Agriculture, Kafrelsheikh University,

Egypt.

Conflict of interests: The authors declare no
conflict of interest.

Authors contribution: Ismael A. Khatab has done
the part of molecular markers, wrote this part
and reviewed the article. Almoataz Bellah Ali El-
Mouhamady done the plan of paper, agriculture
and hybridizations, plant breeding part, statistical
analysis, wrote this part, helping in molecular
marker part, reviewed the paper and preparing it
for publication and publishing. Samah A. Mariey
did the item of Phenotypic diversity among
entries and reviewed the paper before publishing.
The authors revised the manuscript.

Ethical approval: Not applicable.

Egypt. J. Bot. 61, No.3 (2021)

References

Abdel Sattar, A.A., El-Mouhamady, A.A. (2012)
Genetic analysis and molecular markers for yield
and its components traits in Faba Bean (Vicia
faba L.). Australian Journal of Basic and Appliea
Sciences, 6, 458-466.

Abou Alhamd, M.F., Loutfy, N. (2020) Ocimum
basilicum leaf extract induces salinity stress
tolerance in faba bean plants. Egyptian Journal oj
Botany, 60, 681-690.

Al-Ashkar 1., Alderfasi, A., Romdhane, W.B.,
Seleiman, M.F., El-Said, R.A., Al-Doss, A. (2020)
Morphological and genetic diversity within salt
tolerance detection in eighteen wheat genotypes.
Plants, 9(3), 287.  https://doi.org/10.3390/
plants9030287

Bacu, A., lbro, V., Nushi, M. (2020) Compared salt
tolerance of five local wheat (7riticum aestivum L.)
cultivars of Albania based on morphology, pigment
synthesis and glutathione content. The EuroBiotech
Journal, 4(1), DOI: https://doi.org/10.2478/ebt;-
2020-0006

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

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

Chinard, F.P. (1952) Photometric estimation of proline
and ornithine. Journal of Biological Chemistry,
199(1), 91-5.

Collard, B.C., Mackill, D.J. (2009) Start codon targeted
(SCoT) polymorphism: a simple, novel DNA
marker technique for generating gene-targeted
markers in plants. Plant Molecular Biolog)
Reporter, 363, 557-572.

Cox, T., Murphy, J. (1990) The effect of parental
divergence on F2 heterosis in winter wheat crosses.
Theoretical and Applied Genetics, 79(2), 241-50.

Dehghani, H., Dvorak, J., Sabaghnia, N. (2012)
Biplot analysis of salinity related traits in beard
wheat (Triticum aestivum L.). Annals of Biologica
Research, 3(7),3723-3731.



COMPREHENSIVE SELECTION CRITERIA FOR HIGH-YIELDING BREAD WHEAT ... 727

Ebeed, H.T., Hassan, N.M., Keshta, M.M., Hassanin,
0O.S. (2019) Comparative analysis of seed yield
and biochemical attributes in different SunAower
genotypes under different levels of irrigation and
salinity. Egyptian Journal of Botany, 59, 339-355.

El- Demardash, L.S., El-Mouhamady, A.A., Abdel-
Rahman, H.M., Elewa, T.A., Aboud, K.A. (2017)
Using gamma rays for improving water deficit
tolerance in rice. Current Science International, 6,
321-327.

Eldessouky, E.L.S., Heiba, S.A.A., El-Mouhamady,
A.A., Abdel-Tawab, YM. (2016) DNA
fingerprinting and half diallel analysis of some
rice genotypes under water deficit conditions.
Research Journal of Pharmaceutical, Biological
and Chemical Sciences (RJPBCS), 7(4), 985-997.

El-Hendawy, S., Elshafei, A., Al-Suhaibani, N., Alotabi,
M., Hassand, W., Dewir, Y.H. (2019) Assessment
of the salt tolerance of wheat genotypes during the
germination stage based on germination ability
parameters and associated SSR markers. Journal of
Plant Interactions, 14(1), 151-163.

El-Mouhamady, A.A., El-Metwally, M.A. (2020)
Appreciation of genetic parameters and molecular
characterization in some promising accessions of
soybean (Glycine max L.). Pakistan Journal of
Biological Sciences, 23, 425-438.

El-Mouhamady, A.A., Ibrahim, H.F. (2020) Elicitation
of salt stress-tolerant mutants in bread wheat
(Triticum aestivum L.) by using gamma radiation.
Bulletin of the National Research Centre, 44(108),
1-18.

El-Mouhamady, A.A., Amer, Kh.A., Ragab, A.Y.
(2012a) Development of salinity tolerance in some
genotypes of barley using line X tester analysis
and some techniques of biotechnology. Journal of
Applied Sciences Research, 8, 972-982.

El-Mouhamady, A.A., El-Seidy, E.H., Aboud, K.A.
(2012b) Identification of a molecular markers
linked to drought tolerance in some genotypes of
barley. Australian Journal of Basic and Applied
Sciences, 6(5), 196-204.

El-Mouhamady, A.A., El-Ekhtyar, A.M., El-
Demardash, 1.S. (2012¢) Molecular markers linked
to some traits in rice. Journal of Applied Sciences
Research, 8(5), 2689-2699.

El-Mouhamady, A.A., Rady, M.R., El-Seidy, E.H.
(2014) Assessment of genetic variability for six lines
of wheat using physiological traits and molecular
markers technique under normal irrigation and
water stress conditions. World Applied Sciences
Journal, 29(4), 506-516.

El-Mouhamady, A.A., El-Ashary, Z.M., Mohamed,
FI., Elewa T.A., Aboud, K.A. (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. Research Journal of
Pharmaceutical, Biological and Chemical Sciences
(RJPBCS), 5(4), 2065-2077.

El-Mouhamady, A.A., Abdel-Rahman, H.M., Rizkalla,
A.A., El-Metwally, M.A. (2019) Assessment of
water stress tolerance in wheat genotypes based
on half diallel analysis and DNA fingerprinting.
Pakistan Journal of Biological Sciences, 22(3),
103-116.

Esmail, R.M., Abdel Sattar, A.A., Abdel-samea, N.S.,
El-Mouhamady, A.A., Abdelgany, E.M., Fathallaha,
F.B. (2016) Assessment of genetic parameters and
drought tolerance indices in maize diallel crosses.
Research Journal of Pharmaceutical, Biological
and Chemical Sciences, 7(6), 2409-2428.

Etminan, A., Pour-Aboughadareh, A., Mohammadi,
R., et al. (2016) Applicability of start codon
targeted (SCoT) and inter-simple sequence repeat
(ISSR) markers for genetic diversity analysis
in durum wheat genotypes. Biotechnology &
Biotechnological Equipment, 30 (6), 1075-1081.

Etminan A., Pour-Aboughadareh, A., Noori, A., et al.
(2018) Genetic relationships and diversity among
wild Salvia accessions revealed by ISSR and
SCoT markers. Biotechnology & Biotechnological
Equipment, 32(3), 610-617.

Fernandez, G.C.J. (1992) Effective selection criteria for
assessing plant stress tolerance. In: Proceedings of
on the Symposium Taiwan, 25, 257-270.

Fischer, R.A., Maurer, R. (1978) Drought resistance
in spring wheat cultivars. I. Grain yield response.
Australian Journal of Agricultural Research, 29,
897-907.

Gaafar, R.M., Diab, R.H., Halawa, M.L., El-Shanshory,
A.R., El-Shaer, A., Hamouda, M.M. (2020) Role

Egypt. J. Bot. 61, No.3 (2021)



728 ISMAEL A. KHATAB et al.

of Zinc Oxide nanoparticles in ameliorating salt
tolerance in soybean. Egyptian Journal of Botany,
60, 733-747.

Gavuzzi, P., Rizza, F., Palumbo, M., Campaline, R.G.,
Ricciardi, G.L., Borghi, B. (1997) Evaluation of
field and laboratory predictors of drought and heat
tolerance in winter cereals. Canadian Journal of
Plant Science, 77, 523-531.

Gee, G.W., Or, D. (2002) Particle-size analysis. In:
"Methods of Soil Analysis", J.H. Dane, and G.T.
Clarke, (Eds.), Part 4. SSSA Book Series, 5(4)
SSSA, Madison, pp. 255-293.

Gene, Y., Taylor, J., Lyons, G., Li, Y., Cheong, J.,
Appelbee, M., Oldach, K., Sutton, T. (2019) Bread
wheat with high salinity and sodicity tolerance.
Frontiers in Plant Science, 10, 1280. Doi: 10.3389/
pls.2019.01280

Gilbert, P.T., Hawes, R.C., Beckman, A.O. (1950)
Beckman Flame Spectrophotometer. Analytical
Chemistry, 22(6), 772-780. DOI: 10.1021/
ac60042a010

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

Grieve, C.M., Grattan, S.R. (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. Australian Journal of Biological Sciences,
9, 463-493.

Heiba, S.A. A., El-Mouhamady, A.A., Eldessouky,
S.E.L, Ali, H.B.M., Elewa, T.A. (2016 a) Study
the genetic variations related to the resistance of
heavy metals toxicity in some rice genotypes using
RAPD markers. International Journal of Current
Microbiology and Applied Sciences, 5(1), 174-89.

Heiba, S.A.A., Eldessouky, S.E.I., El-Mouhamady,
A.A., El-Demardash, 1.S., Abdel-Raheem, A.A.
(2016 b) Use of RAPD and ISSR assays for the
detection of mutation changes in wheat (7riticum
aestivium L.) DNA Induced by Ethyl-Methane
Sulphonate (EMS). International Journal of
ChemTech Research, 9, 42-49.

Egypt. J. Bot. 61, No.3 (2021)

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

Jones, M.M., Turner, N.C. (1978) Osmotic adjustment
in leaves of sorghum in response to water deficits.
Plant Physiology, 61,122—126.

Khatab, A.L, Mariey, S.A. (2013) Development of
morphological and molecular genetic markers
associated with salt stress tolerance in some barley
genotypes. Current Research Journal of Biological
Sciences, 5(5), 198-204.

Khatab A.L., El-Mouhamady, A.A., Mariey, S.A.,
Elewa, T.A. (2019) Assessment of water deficiency
tolerance indices and their relation with ISSR
markers in barley (Hordeum vulgare L.). Current
Science International, 8(1), 83-100.

Lin, C.S., Binns, M.R., Lefkovitch, L.P. (1986) Stability
analysis: where do we stand. Crop Science, 26,
894-900.

Loutfy, N., Azooz, M.M., Hassanein, A.M., Bassiony,
A. (2019) Potassium synergize the positive effect
of ascorbic acid on some morpho-physiological
parameters of salt stressed faba bean cultivars.
Egyptian Journal of Botany, 59, 735-751.

Luo, C., He, X.H., Chen, H., Ou, S.J., Gao, M.P. (2010)
Analysis of diversity and relationships among
mango cultivars using Start Codon Targeted (SCoT)
markers. Biochemical Systematics and Ecology, 38,
1176-1184.

Mariey, A.S., Farid, M.A., Khatab, LA. (2016)
Physiological and molecular characterization
of some Egyptian barley (Hordeum vulgare L.)
cultivars for Salt tolerance. Egyptian Journal of
Genetics and Cytology, 54, 367-382.

Mariey, A.S., Mohamed, E.N., Ghareeb, Z.E., Engy,
S.M., Abo Zaher, R. (2021) Genetic diversity of
Egyptian barley using agro—physiological traits,
grain quality and molecular markers. Current
Science International, 10, 58-71.

Martin, J., Talbert, L., Lanning, S., Blake, N. (1995)
Hybrid performance in wheat as related to parental

diversity. Crop Science, 35(1), 104-8.

Munns, R. (2002) Comparative physiology of salt and



COMPREHENSIVE SELECTION CRITERIA FOR HIGH-YIELDING BREAD WHEAT ... 729

water stress. Plant cell and Environment, 25, 239-
250.

Nessem, A.A., Kasim, W.A. (2019) Physiological impact
of seed priming with CaCl, or carrot root extract on
Lupinus termis plants fully grown under salinity
stress. Egyptian Journal of Botany, 59, 763-777.

Neumann, P. (1977) Salinity resistance and plant growth
revisited. Plant Cell and Environment, 20, 1193-
1198.

Parida, A.K., Das, A.B. (2005) Salt tolerance and salinity
effects on plants. Ecotoxicology and Environmental
Safety, 60, 324-349.

Piper, C.S. (1947) "Soil and Plant Analysis". Interscience,
New York, 368p.

Poczai, P, Varga, 1., Laos, M., Cseh, A., Bell, N,
Valkonen, J.P.T., Hyvonen, J. (2013) Advances
in plant gene-targeted and functional markers: A
review. Plant Methods, 9, 9-16.

Qaderi, A., Omidi, M., Pour-Aboghadarch, A. et al.
(2019) Molecular diversity and phytochemical
variability in the iranian poppy (Papaver bracteatum
Lindl.): A baseline for conservation and utilization in
future breeding programmes. Industrial Crops and
Products, 130, 237-247.

Radi, A.A., Farghaly, F.A., Hamada, AM. (2013)
Physiological and biochemical responses of salt-
tolerant and salt-sensitive wheat and bean cultivars
to salinity. Journal of Biological and Earth Sciences,
3(1), 72-88.

Rady, M.M. (2011) Effect of 24-epibrassinolide on
growth, yield, antioxidant system and cadmium
content of bean (Phaseolus vulgaris L.) plants under
salinity and cadmium stress. Scientia Horticulturae,
129, 232-237.

Ragab, Kh., Kheir, A.M.S. (2019) Characterization some
egyptian bread wheat for salinity tolerance. Journal
of Plant Production, Mansoura University, 10(12),
1043-1049.

Ramadan, W.A., Abdel-Rahman, H.M., El-Mouhamady,
A.A., Habouh, M.AF, Aboud, KA. (2016)
Molecular genetic studies on some barley entries
for drought tolerance. International Journal of
PharmTech Research, 9, 265-285.

Sahoo, S., Baranda, B., Nitesh, B. (2018) Salinity
tolerance in wheat. Marumegh, 3(1), 2456-2904.

Sally, T.P., Bremer, S.G., Varner, R.N., Hogben, D.
(1986) OMNITAB 80: An Interpretive system for
statistical and numerical data analysis. NBS Special
Publication, 701, 1-2.

Saroei, E., Cheghamirza, K., Zarei, L. (2017) Genetic
diversity of characteristics in barley cultivars.
Genetika, 49(2), 495-510.

Selem, E.E. (2019) Physiological effects of Spirulina
platensis in salt stressed Vicia faba L. Plants.
Egyptian Journal of Botany, 59, 185 — 194.

Shavrukov, Y., Shamaya, N., Baho, M., Edwards, J.,
Ramsey, C., Nevo, E., et al. (2011) Salinity tolerance
and Na+t exclusion in wheat: variability, genetics,
mapping populations and QTL analysis. Czech
Journal of Genetics and Plant Breeding, 47, S85—
S93. Doi: 10.17221/3260-CJGPB.

Shewry, P.R. (2009) “Wheat”. Journal of Experimental
Botany, 60(6), 1537-53. doi:10.1093/jxb/
erp058, PMID 19386614

Singh, A.K., Rana, M.K., Singh, S., et al. (2014) CAAT
box-derived polymorphism (CBDP): A novel
promoter-targeted molecular marker for plants.
Journal of Plant Biochemistry and Biotechnology,
23(2), 175-183.

Sobieh, Shaimaa S., Mohamed, T.R., Adam, Z.M.,
El-Fiki, A., Awad, A.S. (2019) Salt stress induces
changes in genetic composition, proline content
and subcellular organization in potato (Solanum
tuberosum L). Egyptian Journal of Botany, 59,
269-282.

Somayeh, S., Noormohammadi, Z., Sheidai, M,
Marashi, S. (2020) SCoT molecular markers
and genetic fingerprinting of date palm (Phoenix
dactylifera L.) cultivars. Genetic Resources and
Crop Evolution, 67, 73-82.

Sudhir, P., Murthy, S.D.S. (2004) Effect of salt stress on
basic process of photosynthesis. Photosynthetica,
42, 481-486.

Tawfik, R.S., El-Mouhamady, A.A. (2019) Molecular
genetic studies on abiotic stress resistance in
sorghum entries through using half diallel analysis
and inter-simple sequence repeat (ISSR) markers.

Egypt. J. Bot. 61, No.3 (2021)



730 ISMAEL A. KHATAB et al.

Bulletin of the National Research Centre, 43 (117),
1-17.

US Salinity Laboratory Staff. (1954) "Diagnosis and
Improvement of Saline and Alkali Soils", L.A.
Richards (Ed.). USDA Agr. Handb, 60, Washington,
D. C. 160p.

Virmani, S.S., Viraktamath, B.C., Cassal, C.L., Toledo,
R.S., Lopez, M.T., Manalo, J.O. (1997) Hybrid
rice breeding manual. International Rice Research
Institute.

Wyanne, J.C., Emery, D.A., Rice, P.W. (1970)
Combining ability estimates in Arachis hypogea L.
1I- field performance of F| hybrids. Crop Science,

Science, 42, 11-20.

Yassin, M., Fara S.A., Hossian A., Saneoka, H., El
Sabagh, A. (2019) Assessment of salinity tolerance
bread wheat genotypes: using stress tolerance
indices. Fresenius Environmental Bulletin, 28(5),
4199-4217.

Zhang, Q., Zhou, Z., Yang, G., X. U, C., Liu, K., Maroof,
M.S. (1996) Molecular marker heterozygosity and
hybrid performance in indica and japonica rice.
Theoretical and Applied Genetics, 93(8), 1218-2.

Zian, A.H., El-Demardash, 1.S, El-Mouhamady, A.A.,
El-Barougy, E. (2013) Studies the resistance of
lupine for Fusarium oxysporum F. spLupini)

10(6), 713-715. through molecular genetic technique. World
Applied Sciences Journal, 26, 1064-1069.
Yan, W., Rajcan, I. (2002) Biplot analysis of test sites

and trait relations of soybean in Ontario. Crop

Alal) Agay) cal J gaaad) Adle i) mad g ALaLa) QAN julea

O dll 38 rlaw (Dgraaall o bl Fiall (Dglbad Bl se Jielaul

pd @ pan - 33516 i Bsia - Frdll S - Al 5 daals - el )5l AS - &)l a8 @)
Bstina - 3oplAll - ganll e gl S pall - a5l 53S0 gl 9 A1) sl) Avigh) daad - a5l i) 5 A1) 5l
e = e ) )l Gl S e - Aliall dualaddl Gsa dgma - ) Csan 4l ) ¢ peaa —126222 5

ealal) deadl ddline cililaind uld el 450 ) o 55kl (e de gane ani 58 Canall 134 Caila aal S
GV (s eliine U0 Apmdll o geall 230 el JS Jiliadl dae ciliall e ASY) ddee o) ya) U
Jie oalall AV Jaaty dalatial) 5 s 5l ganadll Cliiall mny ciilan (53 8 Gl JSI @ goall J pmna s 4
& sine (e AS 5 Jarall (5 ) san¥) Jaral) 5 2 sausll 5all o 00 gaall A g a2l sl 5 2 530 gacall (30 OIS (5 gimae
A5l el 5k a3 alall Slgal¥) ok 5 dpmadal) Cag ) Cand (i Cpladl 5 cd 5 )
(8 s a1 e ot 5 eL1 I e panall a5 ol (gl o sl (i s
21 e 4l de gaaall Ogial Lain | [2 0 30en g 11 850 94 B ¢ 171 80a <] e o] Jysaids
e Al el 558 Al il S il (el (e 0 pasle Jomatall 2
g A snal) 2815l LA Al (g S Gl e Aalal)y Aalall ¢y il s ) el
u\yy)ha‘ﬂ@%&b@\@nﬂ\))b(um(ucdhéc 55).9 u.\u‘);.\ﬂ‘tu))ﬂ\u@\
liall guaad B0 UL aea e Blde) Gl / G pal) Jpeane dia 213350 da skl Jeal
1) ply zadll el o) Al G_'Lul\ u;.a}\ Al 4 jall A5 jlaa oalall lea ) Alalas Ciat A g Haall
N Y X A Y (I Y X Y)Y ¢ ) X ) ) el D ALY (3 2
ol slea¥l Jeadl Ule lalas) cidia 5 calS wl I Y1 X G 5 ol ) Y1 X ) )
G sne ALl el 5k il clly o 55 Aaalidl) & jadly &5 e ald) slea¥) dldas ciad
@.Ld\ e Jeati e ‘;s\ Al oadl (SCoT) ilalza s da sl Jead Ol ydige (e ddlle
}\Mhué\.\a‘)}e); o&c\@g}ﬂbu&;lﬂsﬂ*ﬂm cmmmﬁubjuwuwuuw
48 aladin) (Sa A (Polymorphic bands) g st (e 4dlite 48 ) 5 de a 46 Janey JISEY) a0
A1 51 a1l 3 A slal) Jeat] At 5158 Jiiteadl) 3 5l (5 steadl) e A1 5l ALY auaas

il

Egypt. J. Bot. 61, No.3 (2021)



