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ABSTRACT

The aim of this study to determine how tolerant wheat genotypes to drought stress. Three drought tolerant
Triticum aestivum L. genotypes; Rizgary, Sham-6 and Abu-Ghraib compared with three drought-susceptible;
IPA95, Tammuz-2 and IPA99 under water deficit 20% WHC (Water Holding Capacity). ABA level, drought
related parameters; shoot and root dry weights, root and shoot ratio. As well as Leaf relative water content
(LRWC %), membrane stability index (MSI %) and proline content determined in the leaves. A considerable
increase of ABA noted in drought tolerant as compared to susceptible genotypes under drought stress condition.
That is led to reduction in shoot dry weight in Rizgary, Sham-6 and Abu-ghreb; 2.71, 2.70 and 2.62 g/plant
respectively. In addition they adapted to proliferate larger root system with 2.63, 2.16 and 1.71 g/plant
respectively. Consequently the ratio of root: shoot increased; 0.98, 0.80 and 0.66. Rizgary, Sham-6 and Abu-
ghreb retained a significantly higher LRWCs %; 79.81, 77.17 and 78.53 % respectively at 20 % WHC as
compared to susceptible genotypes. Membrane Stability Index (MSI %) decreased significantly at lower rate in
tolerant genotypes; 65.69, 67.28 and 67.18 % respectively. As well as proline increased as an osmoticum to
reduce the harmful effect of drought on plant cell in resistant genotypes; Rizgary, Sham-6 and Abu-ghreb; 0.71,
0.72 and 0.61 mg g-1 D. in sequence as compared to sensitive genotypes. The tolerant genotypes have stronger
adaptability mechanisms to cope water scarcity as compared to susceptible genotypes.
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INTRODUCTION
Water  resources  reduction due to
climatic changes around the world thought is

one ofthe mostessential environmental
stresses in arid and  semi-  arid
regions.  Significantly  cause yield loss
in several crops  mainly in wheat bread

Triticum aestivum L. (6). Phytohormones
create an ability in plants to conform to abiotic
stresses via mediating a huge range of adaptive
responses (26). Decrease in soil moisture can
impose osmotic pressure on the plant at
metabolic, physiological and morphological
ranges, and secondary indicators, e.g. abscisic
acid (ABA) will arouse (41). At water deficit
conditions, the buildup of ABA hormone plays
a wonderful role in response and tolerance to
dehydration. Closure of stomata and induction
of the expression of more than one genes
involved in protection towards the drought
stress are functions of ABA (14). The amount
of ABA in the xylem sap will increase
drastically, and this results in elevated ABA
concentration in different leaf compartments
(38). Drought is firstly sensed by roots; then,
root-to-leaf signaling through the transpiration
movement triggers stomata closure, which is
an essential adaptation mechanism to water
scarcity (4). Vital drought stress responses
consist of; root length and behavior. Root
elongations maintain even at excessive
drought stress and complete inhibition of shoot
growth in few plant species, (31). Fan et al.,
(13) showed that root/shoot dry weight ratio
will increase as water availability decreases
because of relative reductions in shoot dry
weight and leaf area. Shrinkage cells with low
water content can bring about decrease in
relative water content material (RWC). It
regarded as important indicator to examine the
sensitivity of genotypes to water deficit (32).
At biochemical level the reactive oxygen
species liberated due to lipid peroxidation
decreases membrane stability (MSI %) (23).
Thus under water stress cell membrane
integrity and stability award the degree of
drought resistance of the plant species (39).
Osmotic adjustment consisting of proline
accumulation can partially protect the plant
against slight drought stress (3). It does not
war with ordinary biochemical reactions
however grant the plant to continue to exist
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under drought condition (21). Bhaskara et al.
(8) pronounced that the accumulation of
proline became dominant within the tolerant
than inside the sensitive plant. This implied
that proline able to support the plant to recover
after water stress. The aim of the present study
to determine endogenous ABA content and
physiological behavior of two sets of bread
wheat Triticum aestivum L. differing in their
degree resistance for moisture tension
condition.

MATERIALS AND METHODS

Treatment and experimental design

Six (Triticum aestivum L.) bread wheat
genotypes, the drought-tolerant genotypes;
Sham-6, Rizgary, Abu-ghreb and the drought-
sensitive genotypes; Tammuz-2, Ebba-95 and
Ebaa-99 as their genetic diversity for drought
tolerance previously investigated by (27) using
a valuable diagnostic tool Random Amplified
Polymorphic DNA (RAPD) technique. Grains
were grown under glasshouse conditions. Four
seeds had been randomly sowed in plastic pot,
each containing 6 kg of soil. Thinning was
done after the 5th day of seedling emergence.
The primary dose of recommended fertilizer
120 kg ha-1 DAP (N=18% and P=46%)
brought prior to seed sowing and the second
dose was Urea (N= 46%) after 60 days from
sowing. For drought treatment, units of pots
had been kept at 90% water holding capacity
(WHC) of soil (control), and 20% WHC
(extreme stress). The WHC was decided by
saturating the soil within the pot, protecting
the tops with aluminum foil and weighing day
by day till there has been no weight loss within
24, 48 and 72 hours period. 450 and 100 mL
water had been determined respectively as
90% and 20% WHC (22). After (80-90) days
from sowing (late the stem elongation before
heading stage) the observations used to
determine the following measurements:
Biomass characteristics

Shoot and root dry weights: The whole plant
become uprooted through pouring water into
the plant's pot; roots had been cautiously
wiped clean with tap water and later washed
with distilled water then separated into shoot
and root. The shoot and root have been dried
in an oven at (70°C) for 48hrs, then shoot and
root dry weight had been measured and the
ratio of shoot dry weight (g plant™)/ root dry
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weight (g plant?) was calculated (7). Then

Root: shoot dry weight ratio plant® was

calculated according to the following formula:
(root dry weight)

(shoot dry weight)
Leaf relative water content (RWC %):
Leaf relative water content was measured by
sampling two similar fully expanded leaves
per pot. Leaf samples had been sealed in
plastic bag, placed above ice and transported
to the lab to obtain the fresh weight. Leaves
had been then floated on water for twenty-four
hours to saturate and then weighted to obtain
the turgid weight. The turgid leaves dried at
60° C for 48 hours until constant weight
obtained. RWC were calculated as described

by Shivakrishna et al. (36).=
(Fresh weight — dry weight)

(turgid weight — dry weight)
Membrane stability index (MSI %):

Membrane stability index (MSI) of leaf cells
determined according to the method of Singh
et al. (37). Leaf discs (a 100 mg) were
thoroughly washed in walking tap water, twice
washed with double distilled water and
thereafter the discs were heated in 10 mL of
double distilled water at 40° C for 30 minutes.
Then electric conductivity (C1) recorded by
EC meter. Subsequently the same samples
were placed in a boiling water bath (100 °C)
for 10 minutes and their electric conductivity
become additionally recorded (C2).The MSI
was calculated according to the following
formula:

Root:shoot ratio =

RWC(%) = x 100

c1
Membrane stability index = [1 — (—)] x 100

C2

Proline (mg g D. W):

Proline content of leaves became predicted
following the approach of Hofmann et al. (17).
Fresh plant material (0.1 g) homogenized with
four mL sulfosalicylic acid (3 %) in mortar
and kept overnight at 5 °C. Suspension
subjected to centrifugation at room
temperature to 3000 rpm for five minutes.
Supernatant mixed with 4 ml acidic ninhydrin
reagent. Reaction kept under automatically
shaker; the contents in the tubes were heated in
boiling water bath for 1 hour. Thereafter, the
tube content was cooled and proline extracted
with 4 ml of toluene in a separating funnel.
The absorbance of toluene layer turned into
record at 520 nm. The concentration of the
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unknown sample was calculated with regards
to the standard curve.

ABA extraction and quantification

Ten fresh leaves have been at once frozen and
stored at -70 °C till ABA evaluation. Samples
approximately 1 g had been ground in liquid
nitrogen homogenized and then extracted
overnight with 30 ml 80% cold aqueous
methanol (< 0) in darkness at 4 °C. The extract
becomes centrifuged at 5000 r/min and 4 °C
for 15 min and the supernatant collected. Then
cold methanol added, extracted three instances
with aforementioned methods. The whole
methanolic extract dried in rotary evaporator
and dissolved in 10 ml methanol. The ABA
contents were determined using high-
performance liquid chromatography (Waters,
USA) with photodiode array (PDA) detection
at 254 nm. ABA was measured by the
injection of the extract into a reverse-phase
HPLC, with a methanol gradient in 0.6 %
acetic acid (11).

Statistical analyses

The experiment set in a factorial with a
Complete Randomized Design (CRD) with
two watering level; (90% and 20% WHC) and
six bread wheat genotypes replicated three
instances. Analysis of variance (ANOVA) of
the data computed using the Statistical
package for the Social Sciences (SPSS) model
22. The Duncan’s test used to check the
variations among the mean values of studied
parameters. 5 % level of possibility for
greenhouse measurements and 1 % degree for
the laboratory measurements.

RESULTS AND DISCUSSION

The important phytohormone that cope
environmental abiotic stress mostly is ABA in
a wide range of crops (34). The accumulation
of the hormone ABA is a key reaction to water
deficiency in plant life. At water deficit
conditions it increased appreciably in tolerant
genotypes; Rizgary, Sham-6 and Abu-ghreb
compared to susceptible genotypes; Ebba- 95,
Tammuz-2 and Ebba- 99 as shown in figure
(1). Such increase formerly had been
determined by Abdalla (1) and Sarafraz-
Ardakani et al., (33). Inspiring stress-tolerance
effects to help the plant to adapt and continue
its life cycle in stressed environment (24).
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Fig 1. Abscisic content in leaves of tolerant
and sensitive bread wheat genotypes under
drought stressed 20% field capacity as
compared to control condition
Under drought stress, ABA hormone becomes
suggested to act as a long-distance signal
among roots and shoots (25). The first
consequences of ABA activity under moisture
tension vital for water uptake in drying soil,
conserves plant hydration through decreased
shoot growth, inhibition of leaf area and
decreased stomatal conductance (9). Promotes
root growth to provide the plant water from
deeper soil depth, because as root density
increases the contact point between root and
soil increases (29). The high level of ABA in
tolerant genotypes alters the plant growth

under water stress. As table 1 show, there is a
decrease in shoot dry weight. Vice versa an
increase observed in root dry weight and root:
shoot ratio under 90% WHC. The tolerant
genotypes; Rizgary, Sham-6 and Abu-ghreb
generally tend to have significantly the higher
shoots dry weight; 2.71, 2.70 and a 2.62 g
plant 1 respectively, due to the fact they
adapted to proliferate larger root system with
2.63, 2.16 and 1.71 g plant 1. Therefore the
ratio of root: shoot; 0.98, 0.80 and 0.66 was
increased respectively. This has major effect
on the crop tolerance and the maintenance of
crop water status whilst drought stress
developed (40). While the sensitive genotypes;
Ebba- 95, Tammuz-2 and Ebba- 99 recorded
the lower means for shoot dry weight; 2.10,
1.97 and a 2.07 g plant "%, due to the fact they
failed to adapt to water shortage because of
their smaller root system with; 1.03, 1.13 and
1.10 g plant . As a result their root: shoot
ratio, 0.49, 057 and 0.51 reduced in
comparison to the tolerant genotypes. This
finding reflects the findings of different
authors Boutraa et al. (10) and Hussein and
khursheed (18).

Table 1 Shoot and root dry weight with root: shoot ratio of tolerant and sensitive bread wheat

genotypes.
Wheat Treatments Shoot dry weight g Root dry weight g Root:
Genotypes plant ! plant ! shoot ratio
Rizgary Co 2.99 +£0.065a 2.06 + 0.033b 0.69+0.013 c
S 2.71+£0.220 ab 2.63+ 0.102a 0.98 + 0.050 a
Sham-6 Co 2.79 £0.015ab 1.72+ 0.074c 0.62 +0.027 cd
S 2.70 £ 0.0240 ab 2.16+ 0.055b 0.80+0.023 b
Abu-ghreb Co 2.98 £0.062a 1.15+ 0.005d 0.39+0.010 h
S 2.62 + 0.113b 171+ 0.023 ¢ 0.66 £ 0.027 ¢
Ebba-95 Co 2.63 £0.099b 1.15+ 0.046d 0.44 +0.015gh
S 2.10 + 0.033 cd 1.03+ 0.015d 0.49 + 0.009 fg
Tammuz-2 Co 2.68 +£0.050b 1.12+ 0.055d 0.42+0.018h
S 197 £0.073d 1.13+ 0.057d 0.57 £0.015de
Ebba-99 Co 2.32 £0.068 c 1.15+ 0.018d 0.50 + 0.012 efg
S 2.07 +0.087 cd 1.10+ 0.019d 0.51 £ 0.024 ef

*Co: Control; S: Stress
*The treatments with the different letters are
significantly different

Water potential and relative water content of
leaves appeared as important markers of water
status in crop plants (19). A big reduction
recorded in LRWC% due to water stress in all
genotypes (figure 2). Resistant genotypes;
Rizgary, Sham-6 and Abu-ghreb retained a
substantially better LRWCs %, 79, 81, 77.17
and 78.53 % under 20 % WHC as compared to
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susceptible genotypes; Ebba- 95, Tammuz-2
and Ebba- 99, they recorded decrease means;
61.18, 62.957 and 60.59 % respectively under
the same WHC. The RWC is typically higher
in plants, which might be adapted low soil
moisture content, and comparable observations
had in advance been recorded by Arjenaki et
al. (5) and Hasheminasab et al. (16). This is
may be due differences in their capacity to
absorb more water from the soil due to their
bigger root system. As well as smaller shoot



Iraqi Journal of Agricultural Sciences —2019:50(2):705- 712

Qadir & et al.

system (i.e.; lesser number of stomata per
plant area which lead to lower transpiration
rate). As well as high RWC is the end result of
higher osmotic regulation non enzymatic
defense system or much less elasticity of the
cell wall (30).
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Figure 2. Leaf relative water content
(LRWC %) under drought stressed 20%
field capacity of tolerant and sensitive bread
wheat genotypes as compared to control
condition
Membrane harm is the foremost parameter to
estimate lipid destruction due to stress
condition which causes cellular membrane
harm and leakage of electrolytes and damage
down its balance (20). MSI% reduced
extensively at drought stress condition also
confirmed more decline in susceptible
genotypes. It was determined that the tolerant
genotypes; Rizgary, Sham-6 and Abu-ghreb
had been recorded considerably higher MSI%;
65.69, 67.28 and 67.18 % respectively as
compared to susceptible genotypes; Ebba- 95,
Tammuz-2 and Ebba- 99; 34.52, 34.44 and
45.46 % respectively at 20 % WHC (figure 3).
The results are much like those found by
Ahmadizadeh et al. (2); Razzaq et al. (28) and

Sharifi et al. (35).
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Fig 3. Membrane stability index (MSI %) of
tolerant and sensitive bread wheat
genotypes under drought stressed 20% field
capacity as compared to control condition
Results in figure (4) indicate that water stress
induced accumulation of proline in wheat
leaves in regard to drought stress
circumstance. Its content increased
appreciably in all genotypes at drought stress
condition that's according with the findings of
Anjum et al. (4) and Hussein and khursheed
(18). Drought resistant wheat genotypes;
Rizgary, Sham-6 and Abu-ghreb indicated
higher accumulation of proline; 0.71, 0.72 and
0.61 mg g! D. W compared to sensitive
genotypes; Ebba- 95, Tammuz-2 and Ebba-
99; 0.39, 0.42 and 0.47 mg g D. W this is
comparable with Hasheminasab et al. (16)
findings; that proline accumulation indicates
the tolerance ability in wheat genotypes.
Proline act as an osmolyte, accumulates under
moisture tension situation. That can guard the
cell via increasing the osmotic content than
outside environment to enhance water
movement according to its gradual potential
(15), as it acts as an effective non- enzymatic
antioxidant mechanism inside the cell against

reactive oxygen species (ROS) (12).
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Fig 4. Proline content in leaves under
drought stressed 20% field capacity of
tolerant and sensitive bread wheat
genotypes.

It is elucidated that ABA performs a vital
function in wheat’s response and resistance to
drought stress. ABA accumulation during
water stress may often function to help
maintain suitable shoot size in accordance to
root growth, rather than to inhibit growth as is
commonly believed. As well as plant use other
adaptation mechanism like cell shrinkage to
decreased water content. Cell membrane
stability index and increased proline content of
the leaves more remarkably differ in tolerant

genotypes as compared to susceptible one
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