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Abstract

Drought one of the imperative abiotic stresses which limits plant growth and causes numerous biochemical physiological and
morphological changes in Wheat. In this study, ten Egyptian spring wheat genotypes used were obtained in cooperation with
the Egyptian Gene Bank at the Agricultural Research Center. The greenhouse growth model was applied to test the
morphological and physiological traits of the ten wheat genotypes in a Randomized Complete Block Design (RCBD) with
three replications. The biochemical and physiological properties, total phenols, peroxidase enzyme, proline, total protein
concentration, chlorophyll concentration and nutritional elements: (Caﬂ, Mg”, k*, Na®), and total sugars were studied. The
morphological traits were the plant height, flag leaf area, dry weight, fresh weight, thousand grain weight and grain yield.
Results showed highly significant differences among genotypes for the measured traits under normal and drought stress.
Increase in total phenols, free proline, total protein and K* uptake under drought. The results were classified the ten wheat
genotypes in three groups, tolerant, moderate, and sensitive to drought stress. Each genotype has a feature of drought
tolerance by containing certain characteristics. Genotypes L7 and L10 has genetic makeup that has more than one trait that
indicates that it is drought to tolerant, while L4, L6 and L9 were moderate tolerant to the stress. The L1 and L3 were the most
sensitive genotypes to drought stress. The correlation between the biochemical and physiological traits were studied and the
results show significant positive correlation between Na* with total protein and Ca** under drought stress. However, there are
high and significant correlations between total phenols with free proline under control and drought conditions.
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1. Introduction

Since the demand for food especially wheat is in
fixed increase the agriculture around the world will
face multiple changes year by year [1]. Wheat
(Triticum spp.) belongs to family Poaceae, and it is
the first important and strategic cereal crop for most
of the world’s population. Wheat is a magnificent
health structure food and the best source of proteins,
minerals, vitamins like B-group vitamins, starch, and
dietary fiber [2, 3]. By 2025 there is an estimated
demand increase by 60% for wheat although the

production decreased by 29% due to climate change
forced ecological stresses [4]. Furthermore, of the
wheat areas of spread cultivated in semiarid and arid
regions. The adaptation of wheat to wide range of
climatic changes is the key factor in the promising
wheat outcome [5]. Wheat is the second produced
cereal grain behind maize, and the worldwide
exchange of wheat is larger than all other crops
collective. In 2020, the whole worldwide production
of wheat was 760 million tons where China India and
Russia are the three main discrete wheat producers in
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the world, describing for about 41% of the global
total wheat production [6]. Response of plants be
contingent on developmental phase, plant period,
stress cruelty and plant genotype [7]. Many biotic and
abiotic stresses affect the growth and development of
plants, abiotic stress such as drought, salinity, cold,
heat, flooding) and biotic stress caused by fungi,
bacteria, viruses, insects, etc.) can be prominent. [8].
Wheat yield in many parts of the world is reduced by
biotic stress but also by abiotic stress. To handle with
the water deficiency, crops tolerance might be
developed across numerous approaches containing
genetic engineering, vegetation cover, plant breeding,
more crop lands or farm programming. although,
most of these solutions are time overwhelming or
cost exhaustive and may even magnify environmental
problems and the climate change further [9].
Biochemical, morphological, and physiological status
of plants can be affected by drought [10, 11].
Drought stress can be stated as the lack of sufficient
moisture essential for a plant to cultivate normally
and complete its life cycle. The absence of suitable
moisture leading to drought stress is a communal
incidence in rain nourished regions. [12] The root
system is the primary plant organ to intellect a
restriction of water resource and a relationship has
been recognized between drought resistance in wheat
and improved root system [13]. Leaf water
impending decreased by drought in wheat because of
the solute’s accumulation, nevertheless variation of
genotypic may survive in response to water
prospective under well-watered as well as drought
disorders [14]. The plant physiologically change at
what time plants are exposed to drought stress to
tolerate this stress, physiologically, to recognize the
capability of plants to make imperative changes,
drought needs a background- contingent view that
assuage the influence of drought stress [15]. Drought
stress may be occurred at several growth stages
consequently genotypes may be verified for their
drought tolerance at distinctive growth stages as
many genotypes may tolerate drought at germination
or seedling stage and be appropriate to drought at the
flowering stage or vice versa [16]. Dissimilarity in
photosynthetic pigment considerate the serious
response of plant to drought. The key indicator to
control the magnitude of photosynthesis in stress
situation is distinction in contents. The drought
declines the photosynthetic rate of cereals as known
[17]. The Stomata closure, the activity reduction
photosynthesis, the assembly of metabolites, the
interchange in the integrity of cell wall and the
expansion of oxidative stress, are toxic physiological
responses can lead to plant death [18].

Although a lot of researchers have implemented
study on drought resistance apparatus in numerous
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cereals, the wheat enhancement for the drought
tolerance is inadequate for several limitations. The
objectives of the current study are to consider the
probable variations in the physiological and
morphological traits of wheat due to the drought
stress and plant tolerance apparatus to the stress.

2. Materials and methods:

In wheat growing season, 125 accession of Egyptian
wheat germplasm taken from the National Gene Bank
of Egypt, Agriculture Research Center, were
evaluated in separate experiments in greenhouse. Ten
genotypes were chosen according to the results
obtained from previous testing. In the 2019-2020
growing season, the ten selected wheat genotypes
were planted in early November till harvesting in pot
experiments in a Randomized Complete Block
Design (RCBD) in greenhouse at National Gene
Bank of Egypt, Agriculture Research Center. with
three replicates, three pots per replicate and two
plants per pot. After 70 days the plant height and flag
leaf area were measured, and plants sample taken for
the physiological and biochemical tests. Wheat
genotypes were subjected to two water treatments,
normal (control) and drought stress conditions. Water
holding capacity of soil was determined, and pots
were watered three times per week to 25% (stressed)
and 100% (well-watered) of 100% of soil water
holding capacity. The range of temperature was 20-
22°C during day and 17-19°C during night and the
light was adjusted for 16 hours daily. The soil was
prepared by adding 50% sand and 50% peatmoss.
The code number, name, and origin of the studied

wheat genotypes were recorded in Table (1).

Tablel

The Accession number, name, Origin/collection location of the ten
wheat genotypes

landrace Acc.no. | Origin Collection location
L1 8 Giza International genebanks
(USA)
L2 36 Giza International genebanks
(USA)
L3 191 Sohag  National genebank
L4 47 Sharqia = International genebanks
(USA)
L5 55 Giza International genebanks
(USA)
L6 30 Giza National genebank
L7 148 Manufi =~ National genebank
a
L8 111 Giza National genebank
L9 172 Qena National genebank
L10 223 Sohag | International genebanks

(USA)

2. 1.Morphological traits

Flag leaf area (cm?), plant height (cm), dry weight of
whole plant (g), fresh weight of whole plant (g), 1000
grain weight (g) and grain yield (g/plant) were
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measured, and data recorded as a morphological trait
for the ten Egyptian wheat genotypes.

2.2. Physiological and biochemical response

The study of physiological response of shoot and root
of the ten wheat Landrace genotypes to drought after
70 days measured by chemical analysis including
chlorophyll concentration, free proline, total sugars,
total protein, mineral elements (Potassium- Calcium-
Magnesium - Sodium) and antioxidant properties
(peroxidase and total phenols).

2.2.1. Chlorophyll concentration

According to  Lichtenthaler’s method [19]
Chlorophyll a, b and total chlorophylls taken from
fresh leaves of each replicate; leaves tissue was
ground and supernatant solution is transferred into 25
ml volumetric flask and made up to 25 ml using 80%
acetone. Color intensity of the green pigment is read
at 645nm and 663 nm for chlorophyll a and
chlorophyll b using Lichtenthaler’s (1987) equations
by spectrophotometry and expressed as mg/g fresh
weight FW.

Chla=12.7 Agg3—2.69A¢645

Chl b =22.9A¢45-4.69A¢63
Total Chl (a+b) = 20.2 A645 +8.02 A663

2.2.2. Free proline

Free proline concentration was extracted from 200
mg of dry shoot and root samples according to the
method of [20]. With 10 ml of 3% Sulfosalicylic
acid, for 30 min at 70°C. An aliquot of 1 ml of the
extract was mixed with 1 ml of acid ninhydrin and of
1 ml glacial acetic acid. The mixture was heated at
90°C for 1 h in water bath. The organic toluene phase
containing the chromophore was separated and
absorbance of red color developed was read at 520
nm. by wusing calibration curve the proline
concentration was determined as pmol proline g-'dry
weight (DW).

2.2.3. Mineral elements

According to [21] method Potassium Calcium, and
Sodium samples from the dry shoots and roots was
digested by 0.1 M HCI solution and determined using
the flame photometer apparatus (CORNING M 410,
Halstead, UK) and expressed as mg/g dry weight
(DW). Magnesium in shoot and root samples was
digested and determined using atomic absorption
spectrophotometer with fuel and air-acetylene
(PyeUnicam, model SP-1900, Cambridge, UK) and
expressed as mg/g dry weight DW.

2.2.4. Total Sugars

Total sugars were determined using [22] method.
Extraction of 100 mg of dry shoot and root samples
using 80% ethyl alcohol, then 1ml of extract was
taken and added 1m of 5% phenol and immediately
followed by the addition of 5 ml of concentrated
sulfuric acid rapidly then the mixture was shaken
gently and left to cool. OD of greenish brown color
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developed was taken at 490 nm in spectrophotometer.
The quantity of sugars was calculated against the
standard curve prepared by using pure glucose (10-
100pg/ml) and expressed as mg g-' dry weight (DW).
2.2.5. Total protein

According to Kjeldahl method [23] the dried and
homogenized 0.5 g of the shoot and root samples is
digested with sulfuric acid in a suitable Kjeldahl tube
titanium dioxide/copper sulfate is used as a catalyst
and potassium sulfate is added to rise the
temperature. After adding sodium hydroxide to the
digestion solution the produced ammonium from all
nitrogen species is evaporated by distillation as
ammonia. This is condensed in a conical flask with
boric acid solution. with sulfuric acid the amount is
titrated against indicator then multiply with factor
6.25 and expressed as mg/g dry weight (DW).

2.2.6 Antioxidant properties

2.2.6.1. Total Phenols

The total phenols of the extract were measured by the
Folin—Ciocalteu method [24]. 1ml of Folin—Ciocalteu
reagent and 0.8 ml of sodium carbonate (7.5%) were
added to 200ul of extracts. Finally, the absorption of
all samples (after storage for 1.5h at 30°C and
darkness) was determined by spectrophotometer at
750nm. The concentration of phenols in the shoots
and roots sample was calculated using a standard
curve and expressed as milligrams of gallic acid
equivalents pg/mg fresh weight (FW).

2.2.6.2. Peroxidase (POD)

According to [25] method peroxidase was
determined. Shoot and root samples (500 mg fresh
weight) were homogenized with a prechilled mortar
and pestle with 2 ml of ice-cold trichloroacetic acid
TCA (0.1%, w/v) and centrifuged at 15.000 x g for
fifteen min at 4°C. Assay mixture containing 2 ml
aliquot of supernatant and 2 ml of (0.67%, w/v)
thiobarbituric acid (TBA), was heated at 95°C for 20
min and then cooled rapidly in ice bath. The samples
were centrifuged (10.000 x g for ten min at 4°C) and
the supernatant absorbance was measured at 532 and
600 nm and expressed as pmol. g'1 fresh weight (FW).
2.3. Statistical Analysis

The analysis of variance was done according to [26]
if overall F-test was significant, SD at P level of 0.05
and 0.01% were used to mean comparison test. The
statistical analysis of coefficient of variance (C.V%),
reduction percentage (R%) and Pearson correlation
coefficients was performed using ‘GraphPad- prism’
software (version 9.0, www.graphpad.com).

3. Results and discussion

The ten genotypes performance affected by drought
stress, which becomes more evident when data
analysed the morphological traits and physiological
response. The imperilled crops to the drought stress
illustrate altered behaviour, various crops are
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resistance to drought whereas others are susceptible
[27]. Significant difference was found between the 10
wheat genotypes presented in Table (2).

3.1. The Morphological traits

Results of the morphological traits revealed that
distinctive drought intensities had altered effects on
dry and fresh matter assembly. In Figure (1), the
landrace genotypes L1and L2 showed decrease in the
dry weight and fresh weight than normal conditions
as sensitive genotypes to drought stress conditions,
while L4, L8 and L9 are tolerant genotypes by low
decrease in the dry weight and fresh weight obtained
under drought stress. The moderate tolerance
landrace genotypes are L3, L5, L6 and L7. Among
ten wheat genotypes studied under drought conditions
grain yield ranged from 13.45 to 22.32 (g) / plant,
The mean grain yield was 17.46 (g / plant), with
genotypes L7, L10 and L 8 as the highest yielding
genotypes, and L1 and L3 as the lowest yielding
genotypes. The results of the morphological and yield
traits studied showed that three genotypes L4, L6 and
L10 had high 1000 grain weight under normal
conditions, while four genotypes L4, L7, L8 and L10

Table 2

Mean performance, LSD and F-test for the morphological traits: plant height, flag leaf area, fresh weight and dry weight at 70 days from sowing,

were desirable had high mean performance under
drought conditions. The last four bread wheat
genotypes L4, L7, L8, and L10 are considered
drought-tolerant ~ genotypes. Numerous studies
signified that the rising in water stress could redact
the plant dry weights [28, 29, 30, 31, 32]. The present
results disagree with Colom et al., [33] who revealed
that dry weight of the plants were negatively linked
to drought stress in plants. the results also showed
that flag leaf area and plant height are in similar trend
with dry weight and that’s contract with Bather et al.,
[34] who indicated that greater soil water stress
decreased plant height and total fresh and dry weights
of crops. The thousand grain weight decrease may be
due to efficiency of nutrient uptake distribution and
translocation of photosynthesis within the wrinkled
grains produced due to rushed maturity. This is
possible because the deficiency of moisture which
force plant to complete its grain creation in
comparatively lesser interval [ 35].

while 1000 grain weight and grain yield at harvesting time for the 10 wheat genotypes studied under control and drought stress conditions

Plant height Flag leaf area Dry weight Fresh weight 1000 grain Grain yield
Genotyp (cm) (cm?) (g (g2) weight (g) (g/ plant)
e Control = Drough Control Drough Control = Drough Control —Drough Control Drough Control = drough
t t t t t t
L1 55.40 28.40 7.80 4.96 5.24 2.18 26.20 10.90 30.82 26.56 17.55 7.28
L2 48.40 34.80 14.24 6.20 7.33 3.82 36.65 19.10 37.23 31.21 19.36 7.68
L3 54.60 29.50 9.88 9.35 5.63 6.02 28.15 30.10 33.82 28.33 13.45 7.15
L4 45.20 20.50 7.50 4.10 6.15 5.97 30.75 29.85 34.78 32.12 16.32 10.68
L5 42.40 22.20 8.50 7.63 7.75 591 38.75 29.55 31.28 28.59 14.61 8.29
L6 57.40 31.60 15.90 5.75 7.88 5.50 39.40 27.50 35.39 31.81 14.83 9.08
L7 52.40 48.20 9.44 4.80 7.33 6.42 36.65 32.10 38.46 32.37 22.32 14.67
L8 44.20 40.00 10.16 7.20 7.98 7.46 39.90 37.30 39.10 32.31 19.38 11.61
L9 45.40 35.60 9.76 9.78 8.23 8.56 41.15 42.80 39.17 31.68 18.97 9.54
L10 61.40 49.80 11.30 5.80 7.46 5.62 37.30 28.10 36.11 32.95 17.84 14.05
Mean 50.68 34.06 10.45 6.56 7.10 5.75 35.49 28.73 35.62 30.79 17.46 10.00
F_test sk sk sk ek ek sk sk sk kK sk sk sk
LSD 0.67 0.58 0.80 0.68 0.54 0.64 0.57 0.68 0.77 091 0.67 0.84
0.05

Where *, ** significant at 0.05 and 0.01 levels of probability, respectively
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Fig. 1. Morphological traits variations in the ten landrace genotypes under drought stress conditions. (A) dry weight of whole plant (B) flag
leaf area (C) plant height (D) 1000 grain weight (E) grain yield (F) fresh weight of the whole plant of the ten landraces genotypes under
control and drought conditions. The different letters mean significant differences among treatments and genotypes range, p < 0.05

3.2. Physiological and biochemical response

3.2.1 Chlorophyll concentration

The results revealed the alterations in photosynthetic
chlorophyll concentration in the leaves of the ten
wheat genotypes reacting to drought treatment.
Commonly in Table (3) significant reduction in
chlorophyll concentration was found in all genotypes.
In Figure (2) the results of chlorophyll (a) at drought
stress conditions compared to the normal conditions
shows light decrease for L3, L6 and L9 as tolerant
genotypes for the stress, while L7, L8 and L10 show
moderate adaptation to the stress, and highly decrease
in chlorophyll a concentration in L1, L2 and L4

Egypt. J. Chem. 66, No. 7 (2023)

genotypes as sensitive one to the drought. Ten wheat
genotypes were divided into three categories based
on the chlorophyll (b) concentration in leaves i.e.
sensitive L4, L7 and L8 its contains high values,
moderate L5 and L10 slight increase, tolerant L3 and
L9 the lowest value as a compared by control. The
results of total chlorophyll concentration for L3, L6
and L8 genotypes slightly decrease in drought
conditions than normal conditions as indicator for
highly tolerance genotypes to drought stress, while
moderate decrease for L1, L5 and L10 genotypes and
for L2 and L4 are very sensitive for drought with
high decrease in total chlorophylls. The results
obtained here agree with Larkunthod et al., [11] who
stated that strict drought stress constrains the
photosynthesis of plants by alterations in
chlorophylls concentration, chlorophyll components
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distribution and harming the photosynthetic tool.

Also, Tayeb [36] reported that total chlorophyll
concentration  is
conditions and reduced in tolerant genotypes faster
than insensitive ones. In wheat with increase the
drought stress, the chlorophylls cause larger decrease,
as the thylakoids membrane degenerates with cell
dehydration. The photosynthetic capacity determines
by the amount of leaf chlorophyll [37].
photosynthetic capacity of plants decreases under
drought stress by decreasing the total chlorophyll and
thylakoid membrane
integrity and chloroplast membrane permeability

chlorophyll (a,

[38].

Table 3

reduced under

b) affects

stress

The

Nikolaeva et al., [39] indicated that, under drought
stress conditions, chlorophyll synthesis stimulation
was due to enzyme activation of the biosynthesis.
The decrease in chlorophyllide was activated with
chlorophyllase which results gathering of enzymes in
activation of chlorophyll biosynthesis. Ashraf and
Harris, [40] who reported that the reduction of
chlorophyll b is greater than of chlorophyll a and its
more sensitive under drought stress conditions, in
wheat there were reported a significant decrease in
chl a/b ratio in the susceptible cultivars and slight
increase in tolerant cultivars under drought stress.

Mean performance, LSD and F-test for chlorophyll concentration trait (total chlorophyll, chlorophyll a, chlorophyll b and chl a/b ratio) for the

ten wheat genotypes studied under control and drought stress conditions

Total chlorophyll Chlorophyll a Chlorophyll b Chlorophyll a/b
Genotype (mg/g FW) (mg/g FW) (mg/g FW) ratio
Control Drought Control Drought Control Drought Control Drought
L1 0.300 0.175 0.050 0.075 0.250 0.100 0.200 0.429
L2 0.875 0.425 0.350 0.150 0.525 0.275 0.667 0.335
L3 1.650 1.600 0.625 0.600 1.025 1.000 0.610 0.805
L4 1.050 0.775 0.425 0.100 0.625 0.675 0.680 0.214
L5 1.475 0.850 0.600 0.325 0.875 0.525 0.686 0.517
L6 1.225 0.775 0.500 0.475 0.725 0.300 0.690 0.754
L7 0.852 0.950 0.352 0.375 0.500 0.575 0.703 0.713
L8 1.100 1.100 0.450 0.375 0.650 0.725 0.692 0.655
L9 1.925 1.825 0.700 0.625 1.225 1.200 0.571 0.774
L10 1.573 1.125 0.573 0.425 1.000 0.700 0.573 0.638
Mean 1.203 0.960 0.463 0.353 0.740 0.608 0.607 0.583
Ftest ek ek ek ok ek ek ok ok
LSD 0.05 0.70 0.67 0.36 0.26 0.34 0.28 2.70 0.85
Where *, ** significant at 0.05 and 0.01 levels of probability, respectively
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Fig. 2. Chlorophyll concentration variations in the ten wheat genotypes under drought stress conditions. (A) total chlorophyll. (B) chlorophyll
a. (C) chlorophyll b. (D) chlorophyll a/b ratio. The different letters mean significant differences among treatments and genotypes range,

p <0.05
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3.2.2. Free proline The L3,L7 and L10 gives higher shoot and root
Proline, an amino acid, plays a favorably useful role proline accumulation as good performance as tolerant
in plants exposed to several stress environments. In genotypes, where L4,L.5, L8 and L9 more sensitive
addition to acting as an excellent osmolyte, proline genotypes to drought stress showed low values of
plays three major roles during stress, i.e., as a metal proline accumulation. The L1, L2 and L6 genotypes
chelator, an antioxidative defense molecule and a are moderate in adaptation with drought stress by
signaling molecule [41]. In former studies, the free adequate increase in proline level in shoot and root.
proline found in the shoot and root was directly [42, 43] stated that proline accumulated in wheat
related to drought stress according to synthesis it in plant bigger magnitude than the other osmoregulatory
root and accumulate in shoots. In Table (4) in water limited condition While, [44, 45] found that
significant difference was found between the 10 the most collective attributes in elite of cereals is the
wheat genotypes. The data in Figure (3), shows the existence of proline under drought stress.

effect of drought stress on the shoot and the root of
the ten genotypes in normal and stressed conditions.

Table 4

Mean performance LSD and F-test of free proline trait for the shoot and root of the ten wheat genotypes studied under control and drought
stress conditions

Genotype Free Proline in shoot Free Proline in root
(umol g'DW) (umol g'DW)
Control Drought Control Drought
L1 7.27 7.08 2.83 3.94
L2 13.68 10.67 4.52 3.80
L3 8.00 19.07 3.53 18.50
L4 11.86 5.46 4.47 4.09
L5 9.96 5.56 3.26 6.30
L6 10.20 9.73 7.81 4.17
L7 8.64 14.72 5.20 7.10
L8 11.85 4.58 8.64 1.62
L9 5.52 5.82 9.08 7.84
L10 3.68 9.20 4.17 3.64
Mean 727 7.08 2.83 3.94
F test ks * ks sk
LSD 0.05 222 0.73 0.72 0.97

Where *, ** significant at 0.05 and 0.01 levels of probability, respectively
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Fig. 3. Free proline variations in the shoot and root of the ten landrace genotypes under drought stress conditions. (A) free proline in shoot (B)
free proline in root. The different letters mean significant differences among treatments and genotypes range, p < 0.05

3.2.3 Mineral elements:

In this study potassium, calcium, sodium, and magnesium are estimated, highly significant difference was found
between the 10 wheat genotypes these were the shoot and root trend similarly presented in Table (5) and the
results as the following:

Egypt. J. Chem. 66, No. 7 (2023)
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Table 5

Mean performance, LSD and F-test for mineral elements (potassium, calcium, sodium, and magnesium) studied under control and drought stress

conditions for the shoot and root of the ten wheat genotypes

Potassium (K) mg/g DW
Genotype Shoot Root
Control Drought Control Drought
L1 49.27 35.77 10.03 5.73
L2 46.22 38.66 6.18 6.79
L3 41.84 43.31 7.40 14.32
L4 40.59 34.09 7.50 6.69
L5 36.05 45.90 6.45 6.15
L6 49.42 47.73 7.70 11.69
L7 45.04 34.44 9.70 5.37
L8 44.65 37.10 6.82 9.53
L9 54.19 42.81 6.69 10.13
L10 47.23 48.37 7.60 5.98
Mean 45.45 40.82 7.61 8.24
F. test sksk ok sk *
LSD 0.05 0.78 0.76 1.24 0.75
Sodium (Na) mg/g DW
Genotype Shoot Root
Control Drought Control Drought
L1 3.54 2.83 531 4.24
L2 448 542 6.72 8.13
L3 4.95 3.18 743 477
L4 4.95 542 743 8.13
LS 3.07 4.48 4.60 6.72
L6 5.19 3.65 7.78 5.48
L7 4.60 3.89 6.90 5.84
L8 2.95 2.95 4.42 4.42
L9 3.42 4.83 5.13 7.25
L10 342 3.89 5.13 5.84
Mean 4.06 4.06 6.08 5.90
F. test ok ok sksk sksk
LSD 0.05 0.46 0.48 0.72 0.73

Where *, ** significant at 0.05 and 0.01 levels of probability, respectively

3.2.3.1 Potassium (K*)

Estimates of potassium (K) in the shoot and root
indicate that the increase in potassium uptake of the
genotypes L3, LS5, L6 and L10, revealing that these
genotypes is the best tolerant to drought stress, while
the genotypes L1, L2 and L4 are sensitive to drought
stress because of too low potassium. The L7, L8 and
L9 Genotypes considered as moderate adapt to
drought stress for the shoots and roots of it Figure
(4). These results concur with [46] reported for many
physiological manners, potassium is elemental such
as translocation, photosynthesis, reducing redundant
uptake of ions and enzymes activation. Potassium
plays an imperative role in the photosynthesis,
protein synthesis, enzyme activity and plant growth
in wheat plants. In addition to physiological traits
improvement through regulation of the plant turgor
pressure, control the stomatal opening and closure,
reduces the water possible of the cell, supporting
water retention in the plant without interrelation with
a normal metabolism [47,48].

3.2.3.2 Calcium (Ca*?)

Figure (4) shows the calcium in the root and shoot of
the genotypes. The calcium decreased in L1, L3 and
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Calcium (Ca) mg/g DW
Shoot Root
Control Drought Control Drought
3.34 2.51 1.47 0.67
3.67 3.34 1.27 1.67
4.01 2.67 1.74 3.01
3.51 3.67 1.67 1.27
3.17 3.84 2.00 1.00
4.68 2.67 1.34 1.40
3.84 3.84 1.74 0.87
4.01 3.84 1.40 1.27
2.84 4.18 1.34 1.54
4.18 3.17 1.40 1.67
3.72 3.37 1.54 1.44
0.73 0.57 1.12 0.82
Magnesium (Mg) mg/g DW
Shoot Root
Control Drought Control Drought
3.25 243 1.18 0.97
2.74 3.40 0.72 0.50
0.41 2.88 0.98 4.69
4.74 3.59 1.33 1.10
1.84 4.29 1.24 0.40
4.49 4.02 0.72 293
3.51 3.79 1.24 0.99
2.30 2.82 0.97 1.04
0.70 4.68 0.67 2.10
4.03 6.42 2.31 1.37
2.80 3.83 1.13 1.61
0.62 0.61 0.84 0.83

L6 as sensitive genotypes to the stress, while in
L7and L8 genotypes show increase in calcium as
tolerance to stress compared by normal conditions.
The L7and L8 genotypes considered as moderate
adapt to drought stress for the shoots and roots of it.
The results are agreed with [49] informed that
calcium is very important to catalase activity,
improve chlorophyll, reducing plasma membrane
destruction, and it’s also sustained osmolytes like
antioxidants and proline.

3.2.3.3 Sodium (Na*)

Figure (4) shows the sodium in shoot and root of the
landrace genotypes. Sodium increased in the roots
than shoots under drought stress conditions. The
L7and L8 genotypes considered as moderate adapt to
drought stress. [50] stated that plants can reduce their
osmotic potential under adverse conditions by
absorbing salt ions to improve the root ability to
absorb the water the ability of plants to resist the
drought may enhanced by absorption and
accumulation of salts.

3.2.3.4 Magnesium (Mg*2)

The results shown in Figure (4) obtained the effect of
drought stress on magnesium of the shoot and root of
the ten genotypes comparing by normal conditions.
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Genotypes L7and L10 are resistance to the stress in has substantial importance.it has numerous roles in
good performance as tolerance genotypes by dry matter division from dig to cradle. The nitrogen
increasing the magnesium uptake in shoot and root and potassium have positive association with
while L4 and L6 shows little resistance with small magnesium. They are supportive in stress tolerance
increase in magnesium as moderate genotypes. The Sufficient magnesium rises their mobility [52]. [53]
Lland L2 are susceptible to drought stress in root and demonstrated that potassium, calcium, sodium and
shoot with decrease in magnesium uptake as sensitive magnesium nutrients are imperative for the crop
genotypes. These results coincide with Asghar and plants development. The absorption capability of the
Bashir [51] who reported that in chlorophyll roots under drought stress conditions disturbed that
molecule the magnesium has in the center, therefore leads to shortens nutrient uptake  [54].
M Control M Drought n M Control M Drought
L 2 16 .
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2
L
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W Control M Drought n W Control W Drought
6 3s
s 3
E‘ %LS
g g
=3 3
H s
g £,
z 3
“ s
’ L1 L2 L3 4 Ls L6 L L8 L9 L10 ! L 2 L3 4 Ls L6 L7 L8 L9 L1o
W Control M Drought B Control M Drought
6 5 n ’ 2 2
. .
b b b 8 b b b
? d ¢ < ) 4 . ¢
z a | = d
EN . i - ' f Eef. § ; ' ‘
3 3 g 2 hog E 2 : ? LI
i i
:E ? E 3
E 3.
1
1
! L1 L2 L3 17 LS L6 L7 L8 L9 L1o ! L1 L L3 4 Ls L6 L7 L8 L9 L1o
M Control M Drought n M Control M Drought
8 6
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s a
H d " [ b4 b
240, ‘ f d EE)
E 3 b e 2 2 é < 2
H . f I .
i 2, 4 o o o 4t
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2] L2 13 4 Ls L6 L7 L8 Ly L1o L1 L2 13 4 LS L6 L7 L8 L9 L10
Fig. 4. Mineral elements variations in the shoot and root of the ten wheat genotypes under control and drought stress conditions. (A)
Potassium in shoots. (B) Potassium in root. (C) Calcium in shoots. (D) Calcium in root. (E) Sodium in shoot. (F) Sodium in root. (G)
Magnesium in shoot. (H) Magnesium in root. The different letters mean significant differences among treatments and genotypes according to
range, p < 0.05
the lowest was recorded in L3 as sensitive one to the

3.2.4 Total sugars drought as compared to the normal conditions. L4,
As shown in Table (6) the total sugars in the shoot L5 and L6 shows little resistance as moderate
and root of the wheat plant genotypes were genotypes. These results are in accordance with [55,
significally affected by drought stress conditions. In 56] stated that the sugars distribution and its
Figure (5) the highest total sugars were found in L7, accumulation in distinctive parts of the plants could

L8 and L9 as tolerance genotypes for the stress, while

Egypt. J. Chem. 66, No. 7 (2023)
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be an effective trait to classify cultivars of altered
tolerance to drought stress.

Total sugars one of the osmotic factors. Pierre and
Savoure [57] who informed that one of the most
important plant defense mechanisms is osmotic
adjustment which improves drought tolerance of the
plants. It permits plant growth and cell expansion
with drought stress, osmolyte accumulation permits

the cell to accomplish their dehydration and
membrane structural integrity to provide tolerance
against cellular dehydration and drought [58].

Table 6
Mean performance, LSD and F-test for total sugars trait studied under control and drought stress conditions for the shoot and root of the ten wheat
genotypes
Genotype Total sugars in shoot (mg/g DW) Total sugars in root (mg/g DW)
Control Drought Control Drought
L1 24.5 27.0 36.0 30.0
L2 28.6 34.4 30.7 34.0
L3 28.1 32.1 339 19.1
L4 21.7 31.2 32.8 33.4
L5 30.5 34.5 34.5 28.9
L6 22.4 33.4 29.6 33.2
L7 32.1 35.4 31.0 36.1
L8 30.4 47.9 25.4 36.4
L9 25.4 40.1 243 27.4
L10 28.1 33.4 33.2 35.0
Mean 27.18 34.94 31.14 31.35
F. test ek sk Hsk sk
LSD 0.05 1.09 1.10 1.06 2.99
Where *, ** significant at 0.05 and 0.01levels of probability, respectively
1 Catrol Drought n H Control Drought
“ s
1 “ 1
9 i i ¢ b 4 b e .
% T T Ty

s
-
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e
a
=
L~
L,
-

L ) 13 4 L5 L6 [ 18 19

Lo

Total sugars in root (mg/g DW)

0

L L2 13 14 LS L6 ) 8 Ly

L10

Fig. 5. Total sugars variations in the ten wheat landrace genotypes under control and drought stress conditions. (A) Total sugars of the shoot
(B) Total sugars of the root. The different letters mean significant differences among treatments and genotypes range, p < 0.05

3.2.5 Total protein

To allow plants to survive with the stress, the drought
stress stimulated proteins permit plants to create
structural and biochemical regulations these were
trend similarly as shown in Table (7) the total protein
in the shoot and root of the wheat genotypes were
significantly affected by drought stress conditions.
The results shown in Figure (6) indicated that the in-
drought stress levels are significant advanced
decrease in total protein matter in the shoot and root
of the plant. Increase the level of total protein in
landrace genotypes L2, L5, L7 and L9 as tolerant to
drought stress, while decrease in protein levels
observed in L3 and L6 landraces as sensitive to

Egypt. J. Chem.66, No. 7 (2023)

drought stress. The Lland L10 are moderate tolerant
to the drought stress conditions. So, these results
contrast with [59,60,61] who stated that the
fundamental compounds necessary for all the
functions in the cell are the proteins. [62] stated that
the drought has negative effect on synthesis of
protein. In this perspective, nitrogen concentration
was significantly dropped in flag leaves of wheat
drought-stressed plants [63]. The most totally
induced processes under environmental stresses is the
protein synthesis as it reduces the activity of nitrate
reductase and retard the uptake of nitrate.
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Table 7

Mean performance, LSD and F-test for total protein trait studied under control and drought stress conditions for the shoot and root of the ten
wheat genotypes.

Genotype Total Protein in shoot (mg/g DW) Total Protein in root (mg/g DW)
Control Drought Control Drought

L1 78.76 63.00 14.18 11.50

L2 78.76 120.76 12.60 17.64

L3 105.00 85.04 11.55 19.95

L4 99.76 107.64 10.50 6.30

L5 89.24 105.00 12.60 23.10

L6 94.52 99.76 12.18 15.75

L7 86.64 103.44 14.91 18.90

L8 99.76 94.52 13.97 21.00

L9 99.76 112.88 13.65 22.05

L10 105.00 73.52 12.60 12.60

Mean 93.72 96.56 12.87 16.88
F_ test ks sk sk ks
LSD 0.05 6.61 7.60 2.59 3.76
Where *, ** significant at 0.05 and 0.01 levels of probability, respectively
N Control Drought n W Control Drought
i1 £l
?
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= s ES
g -
.

18 Ly

L10

Total protein in root (mg/g DW)

L1

L2 K]
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Fig.6. Total Protein variations in the ten wheat landrace genotypes under control and drought stress conditions. (A) Total Protein of the shoot.
(B) Total Protein of the root. The different letters mean significant differences among treatments and genotypes range, p < 0.05

3.2.6 Antioxidant Properties
As shown in Table (8) the antioxidant properties
studied (total phenols and peroxidase enzyme) in the
shoot and root of the wheat genotypes were

Table 8

significally affected by drought stress conditions
compared to the normal conditions and these were
trend similarly from root to shoot as the following:

Mean performance, LSD and F-test for antioxidant properties (total phenols and peroxidase enzyme) trait studied under control and drought
stress conditions for the shoot and root of the ten wheat genotypes
Total phenols (ug/mg FW)

Genotype

L1
L2
L3
L4
L5
L6
L7
L8
L9
L10

Mean
F. test
LSD 0.05
Where *, ** significant at 0.05 and 0.01 levels of probability, respectively

Shoot
Control Drought

12.1 10
243 20.4
16.2 39.3
20.1 12.5
19.1 12.4
20.1 20.8
12.2 29.4
20.7 8.4
8.4 12.4
52 17
15.85 18.25

sk sksk
0.88 0.67

Root

Control

2.1
3.4
2.4
3.1

0.55

Drought

12
2.7
72
3.5
4.8
3.5
1.8
1.1
5.1
2.4
3.33

sk

0.74
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Peroxidase enzyme (umol.g”' FW)

Shoot
Control = Drought
43.9 10.7
14.6 16.5
23.7 13.1
17.6 16.1
11.7 79
20.2 17.6
21.2 23.1
27.4 9.8
36.7 17.6
9.5 12.5
22.65 14.49
ks sk
1.04 0.88

Root
Control Drought
23.4 2.0
15.7 19.6
19.6 20.9
17.6 13.8
12.0 14.7
37.0 23.0
16.5 13.7
17.6 12.1
18.5 27.4
21.3 13.8
19.92 16.1
sk sk
1.05 0.93
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3.2.6.1. Phenolic compounds

The results in Figure (7) for total phenols as non-
enzymatic antioxidants affected by drought stress
showed highly increase in phenols in drought
conditions for L3, L6 and L7 genotypes that indicates
their ability to adapt and tolerate the stress compared
with normal conditions. While decrease in the
phenol’s compounds in L1, L4 and L9 as indicator
for the sensitivity of that genotypes to the drought
stress. The L2, L5 and L10 are moderate tolerant
landrace genotypes to the stress. The results in

agreement with [5] who stated that, various studies in
wheat have revealed that there is variation in the
activity of the antioxidant resistance system in plant
to regulator the oxidative stress prompted by several
environmental aspects like drought. Due to the
antioxidant activities of phenolic compounds, the
phenolics play a role in adaptation with abiotic stress,
under drought stress conditions the stress sensitive
wheat genotype accumulated low leaf total phenolic
compared to that in stress tolerant one [64].
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Fig. 7. Antioxidant properties variations in the ten wheat landrace genotypes under control and drought stress conditions. (A) Total Phenols of
the shoot. (B) Total Phenols of the root. The different letters mean significant differences among treatments and genotypes multiple range, p <

0.05

3.2.6.2 Peroxidase enzyme activity (POD)

In Figure (8) the highest peroxidase activity as
enzymatic antioxidants in the shoot and root of the
wheat genotypes recorded and the shoot and root
were trend similarly in L4, L6 and L7 were tolerant
genotypes compared to the normal condition
followed by L2, L9 and L10 genotypes as moderate

a

N Cotnl M Drought

tolerance, while the lowest activity of peroxidase
showed in L3,L5 and L8 as sensitive one to drought
stress conditions. These results are in agreement with
[65] reported to detoxify the toxic levels of ROS,
there is initiation of both non enzymatic and
enzymatic system which is destructive as result of
water stress to plant constructed.

W Control M Drought
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Fig. 8. Antioxidant properties variations in the wheat ten landrace genotypes under control and drought stress conditions. (A) Peroxidase
enzyme activity in the shoot. (B) Peroxidase enzyme activity in the root. The different letters mean significant differences among treatments
and genotypes range, p < 0.05
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3.3 Trait means, Coefficient of Variation (C.V %) of means, Reduction percentage (R%) and correlation
among studied traits

Trait means, coefficient of variation and ranges under control and drought conditions as well as reduction
percentage due to drought compared to control are presented in Table (9). Coefficients of variation increased by
drought stress, the highest C.V% estimates were found for total phenols, free proline and total chlorophyll under
control and drought. Whereas thousand grain weight, Potassium and total sugars revealed the lowest estimates of
C.V% under previous conditions, respectively. In addition, maximum R% under drought was observed for
magnesium (-44.46%) followed by total sugars trait (-28.55%), while total protein (-3.03%) exhibited one of the
minimum R%. Pearson correlation coefficients were calculated among the studied (morphological, biochemical
and physiological) traits under control and drought stress conditions and presented in Figure (9). Under control
conditions grain yield positive and highly significant correlated with thousand grain weight (0.68), positive
significant correlated with total sugars (0.42) and negative significant correlated with total phenols, total
chlorophyll, while under drought conditions grain yield positive and highly significant correlated with thousand
grain weight (0.75) and plant height (0.74), positive significant with magnesium (0.53) and negative significant
correlated with free proline (-0.02) and total phenols (-0.02). In control and drought conditions total phenols
positive and highly significant correlated with free proline. Under drought condition total protein was positively
correlated. with sodium and calcium, while under normal condition low positive correlation were detected. Under
drought conditions, the total chlorophyll positive highly correlated with fresh weight (0.85), dry weight (0.85)
and flag leaf area (0.77). The results are agreed with [65] who stated that during water deficiency conditions,
photosynthesis reduction occurs, resulting from reduction the productivity of biochemical activities, which led to
destroying vegetative growth and dry matter production. Due to inhibition of biochemical and physiological
process, the biomass, straw and grain yields were decreased. The grain yield decreased by 14% and 41% under
moderate and severe drought, respectively, compared with normal conditions. Drought tolerant plants to tolerate
drought stress adapt various mechanisms, such as increasing of water uptake by developing deep and large root
systems, decrease in water loss by raising stomatal resistance and osmolytes accumulation. The accumulated
osmolytes include sugars and proline. They play an important role in enzyme inactivation and preventing
membrane disintegration in drought stress environment [67]. [68] reported that the reduction in leaf area and
shoots dry weight are the most studied effect of the early vegetative water deficiency. Inhibiting cell expansion
can restrict leaf expansion and internode elongation.
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Fig. 9. Pearson correlation coefficients among studied traits under control (Left) and drought conditions (right). Where, FLA is Flag Leaf
Area (cm?), PH is plant height (cm), DW is dry weight for whole plant (g), FW is fresh weight of whole plant (g), GY is grain yield (g/plant),
TGW is thousand grain yield (g), Na* is sodium (mg/g DW), K* is potassium (mg/g DW), Ca** is calcium (mg/g DW), Mg* magnesium (mg/g
DW).
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Table 9

Trait means, Coefficient of Variation (C.V%), Standard Deviation (S.D), range and Reduction percentage (R%) under control and drought

stress condition

Trait Control

C.V% S.D Mean + S.E
Flag Leaf Area (FLA) 25.96 2.713 10.45 +0.857
Plant Height (PH) 12.73 6.449 50.68 +2.039
Dry Weight (DW) 14.73 1.046 7.10 £0.330
Fresh Weight (FW) 14.73 5.228 3549 +1.653
Grain Yield (GY) 15.48 2.703 17.46 +0.854
1000 Grain Weight (TGW) 8.45 3.009 35.62 £0.951
Total protein 10.57 9.901 93.72+£3.13
Total chlorophyll 39.33 0.468 1.20 £0.148
Total sugars 13.02 3.538 27.18 £1.119
Free proline 3391 3.074 9.07 £0.972
Total phenols 38.69 6.130 15.84 £1.938
Peroxidase enzyme 47.98 10.860 22.64 £3.435
Sodium (Na*) 21.16 0.860 4.06 £0.271
Potassium (K*) 11.27 5.123 4545 +1.622
Calcium (Ca*) 14.38 0.533 3.72+0.172
Magnesium (Mg*z) 53.40 1.513 2.80 +£0.471
Conclusion

Drought has demonstrated to be one of supreme
destructive environmental cause controlling the
productivity and growth of most crop plants. The
tested wheat genotypes revealed significant
differences in measured traits under drought stress
conditions in this study. In genotype L7 the two
antioxidant systems used to avoid the drought stress,
the total phenols and peroxidase enzyme were
increased and grain yield increased also, while in
genotype L3 the increase only happen in the non-
enzymatic antioxidant activity (total phenols). Both
genotypes are fighting the drought to survive. In
genotype L3 there was a huge increase in free proline
but there was huge decrease in dry weight and grain
yield so its sensitive genotype according to compare
it with other traits and measure the significant
correlation between the studied traits. The tested
wheat genotypes differed in their behavior from one
to the other under drought stress conditions to
survive and avoid stress. The results also revealed
that each genotype has its own mechanism of coping
with stress, and therefore no genotype showed
superiority for all the traits studied and it’s
mentioned in the correlation coefficient between the
morphological, physiological and biochemical traits
under drought and normal conditions. Therefore, we
can find different sources of gene expression
responsible for the different traits responsible for
drought tolerance that can be exploited in wheat
breeding program for drought tolerance.
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Drought
Range C.V% S.D Mean + SE Range

7.50 - 15.90 29.11 1.908 6.55 +0.060 4.10-9.78
42.40 - 61.40 28.85 9.828  34.06 +3.108 20.50 - 49.80

5.24-823 30.68 1.763 5.75 £0.557 2.18 - 8.56
26.20 - 41.15 30.68 8.814 = 28.73 £2.787 10.90 - 42.80
13.45-22.32 15.48 2.703 17.49 £0.854 13.45-22.32
30.82-39.17 7.01 2.161 30.79 +0.683 26.56 - 32.95
78.70- 105.0 18.58 17.94 96.56 £5.67 63.0 - 120.8
0.302 - 1.925 51.36 0.490 0.96 £0.159 0.17 -1.82
21.70-32.10 16.10 5.623 | 3494 +1.778 27.00 - 47.88
3.88 - 13.68 50.63 4.653 9.19 £1.471 4.58 -19.07
5.20 - 24.30 53.12 9.699 18.26 +3.067 8.40 -39.30
9.46 - 43.88 31.31 4.538 14.49 £1.435 7.90-23.11
2.95-5.192 23.56 0.953 4.05+0.313 2.83-542
30.05 - 54.19 13.44 5484  40.82+1.733 34.09 - 48.37

2.84 -4.68 17.59 0.601 3.37 £0.196 2.51-4.18
0.41-4.74 23.56 0.963 4.05 +£0.301 2.83-542
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