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Various morphological and physiological characters related to the water deficit were studied at five durum wheat (7riticum durum
Desf.) genotypes under three water regimes (well-water, 60% PC and 30% PC). Stomatal resistance (Rs), cuticular transpiration
(RWL), relative water content (RWC) were measured in the flag leaf just before harvest. Chlorophyll content, soluble sugar and the
chemical composition of epicuticular waxes of flag leaf and spike were determined. Specific leaf dry weight (SLDW), shoot dry
weight (SDW), root shoot ratio (RD/SD), 8N, &'3C were evaluated. The results indicated that water deficit involves many changes
in durum wheat genotypes resulting in decreased in SLDW, 8*°N, RWL, RWC and chlorophyll content and increase in 8*3C, total wax,
soluble sugar, stomatal resistance (Rs). Negatives correlations were showed between carbon isotope composition and SLDW as well
as with chlorophyll content. A positive correlation was found between carbon isotope composition and stomatal resistance. The
results also showed that epicuticular waxes had similar compositions in both organs except for certain constituents. Acetates,
hydrocarbons, fatty acids, alkanes, bicyclical alkanes, alkenes, alcohols, aldehydes, ketones, cholesterols, esters, ethers,
heterocyclicals and triterpenes were the main determined compounds.
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Introduction

Durum wheat ( 7riticum durum Desf.) is an important food for more than 35% of world population and it is the major source of
calories (Kazemi, 2009). Generally has inextensible gluten and therefore, most of the durum wheat produced worldwide is milled
into semolina to make a compact and stiff dough to manufacture alimentary pasta (Ammar et al., 2000). In West Asia and North
Africa, durum wheat is used extensively to prepare regional foods such as couscous, frekeh, and bulgur. A recent increase in the
world durum wheat production is not sufficient to meet the demands of a growing population and durum wheat production in many
regions of the world is below average because of adverse environmental conditions and wheat cultivation is mainly restricted to
such zones with scarcity of water (Gonzalez et al., 2010). Roughly 230 million ha of land is used for wheat cultivation worldwide and
50% of this area is usually afflicted with drought stress (Monneveux et al., 2006; Trethowan and Reynolds, 2006).
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Durum wheat is widely cultivated in the Mediterranean regions where drought and high temperatures are two major environmental
constraints limiting yield (Maccaferri et al., 2008) and where the climate is characterized by low and variable rainfall (Nachit et al.,
2001).

Drought is generally accepted to be the most widespread abiotic stress experienced by crops, and is becoming an increasingly
serious problem in many regions of the world (Boutraa et al., 2010).

The impact of drought combined with heat severely limit yield in the Mediterranean regions (Loss et al., 1994). Therefore, drought
stress is a serious problem for durum wheat production in these areas, because it affects simultaneously many traits through
morphological, physiological and metabolic changes occurring in all plant organs (Merah et al., 2001; Araus et al., 2003). Under
water deficit conditions durum wheat decrease shoot growth in order to limit transpiration (Misra, 2010; Yasir et al., 2013).

Drought stress induces physiological and biochemical responses in plants. A wide range of strategies, which have been used to
enhance the tolerance to drought depend on the genetically determined plant capacity and sensitivity, as well as on the intensity
and duration of the stress (Jacobsen et al., 2012). Understanding the physiological and biochemical mechanisms providing drought
tolerance is very important in terms of developing selection and breeding strategies (Shangguan et al., 2000; Monneveux et al.,
2006; Araus et al., 2014).

Chlorophyll concentration has been known as an index for evaluation of source (Herzog, 1986), therefore decrease of this can be
consideration as a nonstomata limiting factor in the drought stress conditions (Keyvan, 2010). There are reports about decrease of
chlorophyll in the drought stress conditions (Ganji et al., 2012). Also, it is reported that chlorophyll content of resistant and sensitive
cultivars to drought and thermal stress reduced. But resistant cultivar to drought and thermal stress conditions had high chlorophyll
content (Zaefyzadeh et al., 2009; Chahbar et al., 2016). Vendruscoloa et al. (2011) reported that drought stress will reduce
concentration of chlorophyll b more than chlorophyll a.

The carbon isotope composition of plant dry matter (5'3C), which is frequently expressed as the discrimination value (A!3C),
provides a time-integrated measurement of the plant’s transpiration efficiency over the period during which dry matter is
assimilated; thus, this parameter has been proposed to be an indicator of water use efficiency (Farquhar and Richards, 1984;
Farquhar et al., 1989). In C3 plants, A*C has been used to evaluate drought stress (Araus et al., 2013) because, under conditions
in which the plant is not water-stressed, the stomatal conductance is high and CO, diffusion in and out of the leaf is relatively free.
Plants regulate stomatal conductance to optimize carbon uptake with respect to water loss (Farquhar et al., 1980a). An important
limitation in this process is the rate at which stomata open in the light or close under darkness or water deficit (Lawson et al., 2011;
Vico et al., 2011). However, although stomatal response are known to vary widely across species (Vico et al., 2011), the biophysical
factors governing the rate of response are not well understood.

The plant cuticle is a continuous lipophilic layer covering the surface of all epidermal cell types and is one of their distinctive
characteristics (Javelle et al., 2011). It forms a vital hydrophobic barrier over the aerial surfaces of land plants during primary stages
of development, limiting nonstomatal water loss and gaseous exchanges, controlling the absorption of lipophilic compounds,
providing mechanical strength and visco elastic properties (Lu et al., 2009; Jenks et al., 2010), preventing organ fusion during
development (Sieber et al., 2000), as well as protecting the plant from nonbiotic and biotic stressors from the environment
(schoppach et al., 2012). During water stress, when stomata are closed, plant survival depends on the amount of water lost through
the cuticle. From a whole-plant point of view, the interplay between stomatal regulation and cuticular water permeability is
therefore essential (Karbulkova et al., 2008).

The cuticular transpiration, also termed residual transpiration, included the transpiration through the cuticle together with that due
to an inadequate closing of guard cells (Araus et al., 1991; Merah, 2001; Ganzalez et al., 2010). Epicuticular waxes help leaves
retain water by minimising cuticular transpiration (Vadez et al., 2014). As water becomes less available the stomata close to
minimise transpiration losses; under such conditions the loss of water occurs mainly form the area between the stomata (Chahbar
et al., 2016).

The objective of this study is to investigate the effect of water stress on growth of five durum wheat cultivars. A number of growth
parameters were determined under three water deficit regimes (30, 60 and 100% PC), including relative water content (RWC),
cuticular transpiration, quantitative and qualitative wax composition, stomatal resistance, pigment content, soluble sugar, carbon

and nitrogen isotope composition, specific leaf dry weight, shoot dry weight, and ratio RD/SD.
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Materials and Methods

Experiments and growing conditions

Experiment consisted of 5 durum wheat ( 7riticum durum Desf.) genotypes, obtained from the Technical Institute of Field Crops
(ITGC, Tiaret. Algeria), and selected on the basis of growth analysis and differential responses to water stress, They include Two
Algerian genotypes (Bidil7 and Hedba3) known as locally adapted and are characterized by low productivity and low yield stability.
In addition one cultivar (Acsad 1277) from the Arabian Centre for Studies of Arid Zones and Drylands (ACSAD), one cultivar (Waha)
from the International Center for Agricultural Research in the Dry Areas (ICARDA) and one cultivar (Chen’s) from International
Maize and Wheat Improvement Center (CIMMYT) were included.

The experiment was grown in a greenhouse at the Laboratory of Plant Physiology of University Ibn Khaldoun of Tiaret (West of
Algeria, 35.33 35° 19'N, 1.333 1° 19'E and 1075m elevation). Equipped with a ventilation system that maintained the temperature
at about 25/18°C (day/night) and the relative humidity at 70/80% (day/night).

Seeds were surface sterilized with sodium chloride, washed then germinated on soaked filter paper in petri dishes. After the
emergence of the first leaf, only one plant per pot was left in PVC cylinders (60 cm height and 10 cm diameter) filled with a mixture
of sand, soil and organic dry matter (8:1:1).

After sowing, control plants were irrigated to keep pots to 100% pot capacity (WW) for a period of 4 months. In the stress
treatments pots were irrigated up to 100% of the pot capacity (PC) until 4-5 leaf stage and then watering was decreased to reach
60% of pot capacity for mild water stress (60%PC) and 30% pot capacity (30%PC) for severe water stress until anthesis then
maintained one week. Water was added every 2-3 days if needed. The process involved weighing each pot and then applying the
required amount of water. The experimental design involved a randomized complete block with three water regimes, five genotypes
and three replicates per genotype and growing condition. In the present study plants were grown under different treatments

assayed until anthesis, when different physiological determinations and sampling were measured before harvesting.

Measurements
Leaf physiological measurements were conducted one week after anthesis (one week before harvest). Stomatal resistance (Rs),
cuticular transpiration (RWL), relative water content (RWC) and specific leaf dry weight (SLDW) were measured in the same flag

leaf at 12:00 a.m. Waxes, pigment content and soluble sugar were extracted in flag leaf before harvest.

Stomatal resistance
Stomatal resistance (Rs, s.cm™) was measured on flag leaves, using porometer (Ap4 Delata-T devices cambridge UK. The

measurements were taken around.

Cuticular transpiration

Cuticular transpiration was measured according to Clarke et al. (1991) on excised flag leaves. Flag leaves were taken at anthesis,
After cutting, the flag leaf was immediately immersed in distilled water inside of a glass tube for 6h at 4°C, which was immediately
weighed to determined turgid weight (TW) using a precision balance. The leaves were then placed in a controlled environment
chamber in the dark at 25°C and at a relative humidity of 50%. Weighted again after 120 min to estimate water loss by cuticular
transpiration. The dry weights (DW) were obtained after oven drying the leaves at 80°C during 48 h. Water loss was expressed in

gram of water lost per gram of leaf dry matter.

Relative water content

Plant water status was determined at anthesis by measuring the relative water content (RWC) of flag leaves. The relative water
content was determined using the method of Sangakkara et al. (1996) as: 100 x (FW-DW)/(TW-DW) where Fw is fresh weight, DW
is dry weight and TW is turgid weight after re-hydrating the leaves. The leaves were kept in distilled water in a closed glass flask at
5°C in darkness (to minimize respiration losses) until they reached a constant weight. The FW of the leaves was determined
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immediately after collecting samples. Leaves were then dried for 48 h at 80°C to determine DW. Three replicates per cultivar and
treatment were obtained.

Soluble sugars
Soluble sugars were extracted in 80% ethanol from 100 mg of flag leaf fresh tissue and quantified by the classical anthrone method
of Shieds and Burnet (1960) using a spectrophotometer (Pharmacia Biotech. Novaspec II, Ontario, Canada). A standard curve was

established using glucose and the results are therefore expressed in pg.g™* of fresh weight (Fw).

Chlorophyll content

For chlorophyll content, 1 g of tissue was extracted with 10 ml of acetone (95%); chlorophyll a, b and carotenoids were specifically
quantified according to Lichtenthaler (1987) and Shabala et al. (1998).

Chl a=9.784 x Do (662)-0.99 x Do (644)

Chl b=21.42 x Do (644)-4.65 x Do (662)

Total chlorophyll=Chl a+Chl b

Carot(x+c)=(1000 DO (470)-1.90 Chl a-Chl b)/214

Od: Optical density

Wax analysis

The cuticular waxes were extracted by immersing whole flag leaf and spike two times for 30 s into 5 ml of chloroform (CHCI5) at
room temperature. Both CHCl; solutions were combined and n-tetracosane was added as internal standard. The solvent was
removed under a gentle stream of nitrogen gas, and the remaining wax mixture was redissolved in 1 ml of CHCl; and stored at 4°C
until used. Prior to Gas Chromatography (GC) analysis, chloroform was evaporated from the samples under a gentle stream of
nitrogen gas while heating to 50°C. Then the wax mixtures were treated with bis-N,N-(trimethylsilyl) trifluoroacetamide (BSTFA;
Sigma) in pyridine (30 min at 70°C) to transform all hydroxyl-containing compounds into the corresponding trimethylsilyl
derivatives.

Measurements of qualitative composition were conducted at the Scientific Facilities of the University of Barcelona, using GC. The
quantitative composition of the mixtures was studied using capillary GC with flam ionization detector (FID) under the same GC
conditions as above. Single compounds were quantified against the internal standard by automatically integrating peak areas. The
total amount of cuticular waxes was expressed as per leaf area according to Jenks et al. (2000).

Shoot biomass

After the different physiological measurements, the rest of the shoot was then harvested; oven dried at 80°C for 48 h weighed to
determined shoot dry weight (SDW) and finely ground for stable isotope analyses. The plants were uprooted, roots carefully
separated from the soil and washed and dried at 80°C for 48 h. Subsequently the material was weighed in order to determine root

dry weight. Finally, root to shoot ratio (RD/SD) was calculated.

Specific flag leaf dry weight (SLDW)

The specific flag leaf dry weight (SLDW) was calculated using the following formula.
SLDW (g.cm™2)=FLDW/FLA

Where FLDW is the flag leaf dry weight and FLA is the flag leaf area.

Stable carbon and nitrogen isotope
Stable carbon 3C/*2C and nitrogen *°N/*N isotope ratios were determined in shoot dry of all the plants. Measurements of carbon
and nitrogen were conducted at the Scientific Facilities of the University of Barcelona, using an element analyser (Flash 1112 EA;

ThermoFinnigan, Berman Germany) coupled with an isotope ratio mass spectrometer. For each genotype, samples were dried at
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80¢°C for 48 h, and ground to a fine powder. 1 mg and reference materials were weighed into tin capsules, sealed and loaded into
an automatic sampler before EA-IRMS analysis. Isotopic results are expressed in standard &-notation according to Coplen, 2008 as:
X=[(Rsample/Rstandard)-1] x 1000, where X is the 5'°N or 5'*C value, and R=""N/**N or 13C/*?C, respectively. The &'°N values are
reported relative to the standard N, in air, whereas 5'°C values are reported relative to the Vienna PeeDee Belemnite standard
(Farquhar et al., 1989).

Statistical analyses
Data were subjected to analysis of variance (ANOVA). Effects of genotype, water regimes and their interaction were determined.
Tukey's b test was used to establish differences between genotypes. The analyses were made using SPSS. Pearson phenotypic

correlations were calculated to determine the relationship between traits.

Results

The effect of water regime and genotype on the different studied traits

The effect of water regime and genotype on RWC, RWL and stomatal resistance (Rs): There were significant genotypic
differences between durum wheat genotypes for all studied traits in Table 1 except for stomatal resistance. The increase in water
stress significantly affected all studied traits. However, Water stress intensity strongly reduce stomatal resistance, this reduction was
about 184.4% and 95.6% respectively under 30% and 60% PC compared with WW plants. Nevertheless, the impact of water
regime was marked in Hedba 3 by 2.84 s.cm™ (Table 1).

RWC declined in the leaves under water stress by 78.84% under (30% PC) and 89.53% under (60% PC) compared with WW
conditions. The decrease in leaf RWC was lowest in Waha by 67.50% and 82.03% at 60 and 30% PC respectively and highest in
Hedba 3 with 87.53% and 89.13% at 60 and 30% PC respectively.

The decrease of water loss by RWL for the tested genotypes under control and the two water stress conditions is obvious. However,
cultivars reacted differently to water stress. For example, cultivar Waha, which had the lowest RWL under no stress (0.0027 g.cm’
*.mnY), had one of the highest RWL under water stress (0.0046 and 0.0031 g.cm™.mn™) (Table 1).

Nevertheless, interactions between genotypes and water regimes (G x T) were not significant for all studied traits.

Table 1. Effect of different levels of water regime and genotype on relative water content (RWC), Rate water loss (RWL) and

stomatal resistance (Rs) of durum wheat.

T G RWC (%) RWL (g.cm2 mn'!) Rs (s.cm™)
Chen's 90.11% 0.0055° 1.84°
Acsad 89.06% 0.0054° 2.54%
100% Waha 86.83° 0.0028° 2.64%°
Bidi 17 90.07% 0.0045% 3.67°
Hedba 91.57° 0.0030° 2.25°
Means 89.53 0.0042 2.59
Chen's 84.96° 0.0035° 3.51°
Acsad 86.58° 0.0046° 7.13°
60% Waha 82.03° 0.0046° 6.53°
Bidi 17 88.13° 0.0019° 5.28°
Hedba 89.13° 0.0013° 2.85°
Means 86.17 0.0032 5.06
Chen's 76.34%® 0.0032 7.57°
Acsad 75.94% 0.0031%¢ 8.07°
30% Waha 67.50° 0.0031¢ 7.89°
Bidi 17 86.87° 0.00172 7.47°
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Hedba 87.54° 0.0021a" 5.80°

Means 78.84 0.0026 7.36
ANOVA G 0.000 0.003 ns

T 0.000 0.004 0.002

GxT ns ns ns

Values shown are the means for each genotype and treatment of the three replications. Means followed
by different letters were significantly different (p<0.05%) by Tukey’s b test. Treatment 100% control,
well watered plants; 60% plants at 60% pot capacity; 30% plants at 30% pot capacity; G, genotype; T,
treatment; G x T genotype by treatment interaction. The associated percentage of the sum of squares

and probabilities (ns, not significant; ***, p<0.001) are shown.

Effect of water regimes and genotypes on soluble sugar and pigment content: Significant genotypic differences existed
for all parameters except soluble sugar and chla chlb ratio. Water regime significantly affected all the traits included in Table 2
except chla chl b ratio.

The pigment content significantly decreased in all cultivars with increasing water stress. A decrease in chlorophyll b was noticed
following cessation of watering, and values were about 4.69 ug.g'Fw and 3.14 pg.g'Fw respectively in 30 and 60% PC. With
declining soil moisture, at anthesis, chlorophyll b decreased to reach 60.9% and 41.6% respectively at 30 and 60% PC. Chlorophyll
a decrease from 17.01 pg.g*Fw in control to 11.22 pg.g™*Fw in 60% PC and 8.11 pg.g 'fw in 30% PC (Table 2).

Carotenoids content was about 6.25 pg.g™tFw in control which decreases to 5.26 ug.g™'Fw and 3.85 pg.g™'Fw in 60 and 30% PC
respectively. Total chlorophyll carotenoids ratio was higher under control compared with water stress. Chlorophyll a Chlorophyll b
ratio was higher under water stress compared to the control conditions. The genotype by treatment interaction was not significant
for all studied traits.

Table 2. Effect of different levels of water regime and genotype on soluble sugar, pigment content (chlorophyll a (chl a),
chlorophyll b (chl b), carotenoids (carot), total chlorophyll (tot chl), chlorophyll a chlorophyll b ratio (Chla/Chlb) and total chlorophyll
carotenoids ratio (tot chl/carot) of durum wheat.

Soluble Sugar chla chl b Carot tot chl tot
T G . . . . . Chl a/chl b
(Hg.g-"F.w) (vg.g-"'F.w) (Hg9.g-'F.w) (pg.g-'F.w) (pg.g-"F.w) chl/carot
Chen's 3.86° 20.69¢ 9.17° 7.72¢ 29.86¢ 2.452 3.55%
Acsad  3.18° 22.74° 11.92¢ 7.37%¢ 34.66° 1.91° 4.70 ¢
100%  Waha 4.16° 17.01%¢ 9,75 6.10% 26.76" 1.74° 4,38
Bidi 17 3.95° 10.70° 3.412 5.228 14.10° 3.18° 2.70°
Hedba 3.21° 13.93% 5.96° 4.86° 19.89% 2.37° 4.19b¢
Means 3.67 17.01 8.04 6.25 25.06 2.30 3.97
Chen's 3.912 13.52° 6.48° 6.59° 20.00%® 2.05° 2.95%
Acsad  3.86° 15.77° 6.97° 6.26° 22.74° 2.25° 3.62°
60% Waha  5.20° 11.77%® 3.73%® 5.78%° 15.50% 2.922 2.68%
Bidi 17 5.00° 8.36® 3.57% 3.572 11.92% 2.35° 3.29%
Hedba 4.20° 6.68° 2.718 4.27% 9.39° 2.428 2.072
Means 4.43 11.22 4.69 5.29 15.91 2.61 2.93
Chen's 5.65° 11.452 5.04° 4.37% 16.50° 2.218 3.69°
Acsad  6.63? 12.722 4.79° 4.85% 17.512 2.72° 3.56
30% Waha  10.75° 6.78° 2.04° 5.12° 8.82° 3.53° 1.722
Bidi 17 7.67 5.28° 2.00° 2.35° 7.28° 2.68° 3.46°
Hedba 7.02° 4,332 1.80° 2.552 6.12° 2.29° 2.628
Means 7.54 8.11 3.14 3.85 11.25 2.70 2.86
ANOVA G ns 0.000 0.000 0.000 0.000 ns
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0.022
T 0.000 0.000 0.000 0.000 0.000 ns 0.000
GXT ns Ns ns ns ns ns 0.034

Values shown are the means for each genotype and treatment of the three replications. Means followed by different letters were
significantly different (p<0.05%) by Tukey’s b test. Treatment 100% control, well watered plants; 60% plants at 60% pot
capacity; 30% plants at 30% pot capacity; G, genotype; T, treatment; G X T genotype by treatment interaction. The associated
percentage of the sum of squares and probabilities (ns, not significant; ***, p<0.001) are shown.

The effect of water regimes and organs on waxes composition: Statistical analyzes concerning the composition and the
amount of different constituents showed that the differences are highly significant between the organs (flag leaf and spike)
(p<0.001), they are also highly significant between water regimes (p<0.001) (Table 3).

The chemical composition of waxes varied among organs (flag leaf, spike) (Fig. 1). The average of total flag leaf wax amount was
12491pg.cm™ and of spike was 17965 pg.cm™.

The increase in water regimes significantly affected waxes of the both organs (flag leaf and spike), which increased for flag leaf
from 6904 pg.cm™2 (control) to 11372 pg.cm™2 and 19197 pg.cm™2 under 60 and 30% PC respectively and for spike from 13981
pg.cm™2 under control to 22005 pg.cm™2 and 30493 pg.cm™2 under 60 and 30% PC, respectively (Fig. 2 and 3).

Table 3. Effect of different levels of water regimes and organ on waxes composition and total waxes amount of Chen’s genotype of

durum wheat.
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Values shown are the means for each organ and treatment of the three replications. Means followed by different letters were
significantly different (p<0.05%) by Tukey’s b test. Treatment 100% control, well watered plants; 60% plants at 60% pot capacity;
30% plants at 30% pot capacity; G, genotype; T, treatment; G X T genotype by treatment interaction. The associated percentage of
the sum of squares and probabilities (ns, not significant; ***, p<0.001) are shown.

Ukrainian Journal of Ecology, 12(6), 2022



Carbon and nitrogen isotope composition and epicuticnlar wax of durum wheat (Lriticum durum Desf.) plants exposed to water deficit at anthesis

mLeaf
000 W ieaf £l 250 W L=af
. 16000 . — .
g o s || 2 sa0 T "= T 00 Spike
5 3000 5 12000 3
2 a0 ¥ 10000 T 2 150
n 3000 3000 =
100
I o f ew| L £
g 1000 = 4000 ] 50
o E 2000
% % % 4 ° °
10 &0 30 £
100% 0% 0% 100% 0% 30%
Water regimes Water regimes Water regimes
7.0
mL=af 10000 mieaf mieaf
500 50 T
E a0 T mspike || 3000 T =gk — so T spike
5 E T E a0
% 300 k- €000 g
= _ - = E 3.0 '
n ; 4000 n
£ 200 ] - g zo
Z 3 2000 E]
§ 100 H 2 10
oo o 0o + T T |
100% 0% 0% 100% 0% 0% 100% 0% 30%
Water regimes
Water regimes Water regimes
mieaf mizaf
000 W leaf 1100 £l 110 3
i T ke — ke
000 - Spike E 1200 I TE 120 T e
- so00 T g 0w i 0o - T
E 000 @ 500 T T = 5.0
2 3000 % soe £ se
g o aa 400 {3 40
g = g
3 = 200 20
1000 B
= [ 0.0
o 100% 50% 30% 100% s0% 30%
100% 0% 30%
. Watar regimes
Water regimes ‘Water regimes
1200 o L=af 1500 mi=af 3500 [ JEEY
- - ik
_ spike 1600 spike 3000 T "
T ioon T _ 1400 T
FR- Y E oo = moe
z E 1000 t 2000 I
0.0 ES 3
3 = 0.0 T Ed 1500 _|_
=z ] £0.0
00
g T & B owol o B
(i 00 2 200 H 500
00 £ o = 0.0 4 . . .
oo so% 0% ook so% 0% 100% s0% 0%
Water regimes Water regimes Water regimes
Wleaf 3500 - Wlsaf
3500 e
ike 3000 - e
3000 T = T
2500 -
= 500 T
P e T i oo =
i Ed 1500 -|
= 1500 - = _|_
[ 4 1000
2 1000 2
= =
s00 & 500
° 0.0
100% 0% 0% 100% &0% 30%
Water regimes Water ragim

Fig. 1. Wax amounts for flag leaf and spike under different levels of water regimes of Chen’s genotype. Treatment 100% control,
60% PC; 30% PC.
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Fig. 2. Individual wax constituents for leaf and spike of Chen’s genotype.
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Fig. 3. Total waxes amounts for flag leaf and spike of Chen’s genotype. Treatment 100%PC, 60% PC; 30% PC.

Effect of water regimes and genotypes on shoot dry weight, SLDW, different stable isotopes signatures and root
shoot ratio (RD/SD): Significant genotypic effect existed for all traits included in Table 4. Water regime significantly affected all
studied traits except 8'°N, N% and SLDW. Water stress increase significantly root shoot ratio (RD/SD) by 0.41 under (30% PC) and
0.29 under (60% PC) compared with WW conditions. Water stress caused significant losses in shoot dry weight, which decrease
from 22.70 g under control to 17.17 g and 15.75 g under 60 and 30% PC respectively. Water stress increase significantly *3C in all
genotypes under water stress conditions in comparison to control conditions. 5!3C increase from -30.02%o under control to -
29.47%o and -28.06%o under 30 and 60% PC respectively. The 3*°N significantly decreased in all cultivars with increasing water
limitation, which passed from 6.69%eo0 under control to 5.53%o0 and 5.34%o under 30 and 60% PC respectively (Fig. 4). Water stress
decrease specific leaf dry weight (SLDW) from 4.93 g.cm™ under control to 4.21 under 60% PC and 3.44 g.cm™ under 30% PC.

Nevertheless, interactions between genotypes and water regimes (G x T) were not significant for all studied traits.

Table 4. Effect of different levels of water regime and genotype on shoot dry weight (SDW) root shoot ratio, SLDW, stable carbon
isotope composition (5*3C) and stable nitrogen isotope composition (3*°N) of durum wheat.

T G SDW (g) RatioRD/SD SLDW (g.cm2)  3'3C(%o) C% 5'°N (%0) N%
Chen's 21.16° 0.186° 5.027° -31.07° 37.30°  7.24° 1.87°
Acsad 27.27° 0.218% 5.317° -31.31° 38.93° 6.77° 1.97a
100% Waha 22.89° 0.261% 4,355° -28.88° 38.33%  6.36° 1.80°
Bidi 17 19.53° 0.342% 4.756° -29.41° 37.03°  6.19° 1.43°
Hedba 22.36° 0.457° 5.240° -29.43° 38.172  6.90° 1.67°
Means 22.7 0.293 4.939 -30.02 37.96  6.69 1.75
Chen's 13.53° 0.176° 4.338° -31.11° 39.40°° 4.72° 1.73%®
Acsad 18.13% 0.197° 4.470° -30.54% 39.63°  5.10% 1.83°
60% Waha 21.49° 0.2232 4.470° -29.35% 39.432  5.28% 1.80°
Bidi 17 18.02% 0.397° 3.854° -28.13¢ 39.53%  6.50° 1.67°
Hedba 15.30° 0.483° 3.958° -28.21¢ 39.30%®  6.04 1.67°
Means 17.17 0.295 4.218 -29.47 39.46  5.53 1.74
Chen's 11.72° 0.276° 3.253° -29.19° 39.93* 5.19° 1.50°
30% Acsad 20.85° 0.404% 3.364° -29.00° 40.56°  4.82° 1.972
Waha 13.71% 0.313° 3.306° -27.37° 39.93°  4.58° 2.03°
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Bidi 17 19.00° 0.449% 3.912° -28.02° 39.83°  6.07° 1.63°

Hedba 14.66% 0.640° 3.391° -27.06° 40.40° 5.77° 1.80°

Means 15.75 0.417 3.445 -28.06 40.13 534 1.78
ANOVA G 0.001 0 ns 0 0.011 ns ns

T 0 0.008 0 0 ns 0 0.001

GxT ns ns ns ns ns ns ns

Values shown are the means for each genotype and treatment of the three replications. Means followed by different letters
were significantly different (p<0.05%) by Tukey’s b test. Treatment 100% control, well watered plants; 60% plants at 60%
pot capacity; 30% plants at 30% pot capacity; G, genotype; T, treatment; G x T genotype by treatment interaction. The

associated percentage of the sum of squares and probabilities (ns, not significant; ***, p<0.001) are shown.

Relationships between shoot dry weight and physiological parameters

Positive correlation was found between shoot dry weight and RWC (r=0.307, P<0.05) as well as with SLDW (r=0.345, P<0.05). A
negative and highly significant relationship was found between RWC and soluble sugar (r=-0.470, P<0.01) as well as with ratio
DR/DS (r=-0.541, P<0.01). Shoot dry weight was negatively correlated with carbon isotope composition (r=-0.317, P<0.05),
whereas it was positively correlated with nitrogen isotope composition (r=0.454, P<0.01). Positive correlations were found between
shoot dry weight and leaf chlorophyll content (chla r=0.496, P<0.01; chlb r=0.514, P<0.01; carot r=0.376, P<0.05; tot chl r=0.513,
P<0.01; tot chl/carot r=0.448, P<0.01). A negative relationship was found between shoot dry weight and stomatal resistance (r=-
0.357, P<0.05).

Table 5. Correlation coefficient between shoot dry weight (SDW), 5'3C and stomatal resistance and physiological parameters.

SLDW chla chl b carot tot chl totchl/carot RS ot3C 5°N RWC

SDW 0.345* 0.496** 0.514***  0.376%*  0.513%** 0.336** -0.357*%* -0.317** 0.454** 0.307

dC 0.366* -0.375* -0.411** -0.334** -0.397*%*  -0.336** 0.373**

RS -0.256™ -0.389* -0.403** -0.396*%*  -0.403** -0.317**

Parameters studied are: Specific leaf dry weight (SLDW), chlorophyll content (chlorophyll a (chl a), chlorophyll b (chl b),
carotenoids (carot), total chlorophyll (tot chl), chlorophyll a chlorophyll b ratio (Chla/Chlb), total chlorophyll carotenoids
ratio (tot chl/carot)) and specific leaf dry weight (SLDW) of durum wheat.*<0.05 **<0.01;***<0.001 Probabilities (ns.
not significant; *<0.05; **P<0.01; ***P<0.001) are shown.
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Fig. 4. Relationship between shoot dry weight (SDW) vs. (a) Stomatal resistance, (b) relative water content and (c) specific leaf dry
weight, (d) carotenoids (carot.), (e) total chlorophyll (tot chl), (f) chlorophyll b (chl b) and (g) chlorophyll a (chl a) of durum wheat

plants growing under different water regimes.

Relationship between carbon isotope composition, stomatal resistance and chlorophyll content: A negative correlations
were showed between carbon isotope composition and SLDW (r=-0.366, P<0.05) as well as with chlorophyll content (chla r=-0.375,
P<0.05; chl b r=-0.411, P<0.01; carot r=-0.334, P<0.05; tot chl r=-0.397, P<0.05 and ratio tot chl/carot r=-0.336, P<0.05) (Fig. 5
and 6).
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Fig. 5. Relationship between carbon isotope composition (8*3C vs. (a) chlorophyll b (chl b), (b) chlorophyll a (chl a), (c) stomatal
resistance (Rs) and (d) specific leaf dry weight (SLDW) of durum wheat plants growing under different water regimes.

A positive correlation was found between carbon isotope composition and stomatal resistance (r=0.373, P<0.05). A negative
relationship was showed between stomatal resistance and chlorophyll content (chla r=-0.389, P<0.01; chl b r=-0.403, P<0.01;
carot r=-0.396, P<0.01; tot chl r=-0.403, P<0.01; ratio totchl/carot r=-0.317, P<0.05). A positive correlation between SLDW and
RWL (r=0.625, P<0.01) was found.

Wax was inversely correlated with RWC (r=-0.70, P<0.001) and transpiration (r=-0.63, P<0.001).
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Discussion

Effect of water stress on plant growth has been discussed extensively (Hsiao, 1973; Lu et al., 1998; Araus et al., 2003). Although
water stress affects most of the functions of plant growth, this effect depends on the level of water stress, the length of time to
which the plant is subjected to water stress and the genotype of plant species (Lu et Neumann, 1998). It is clear from the results
obtained in this study, that different levels of water stress have affected the growth of durum wheat cultivars differently, which
indicates that the durum wheat cultivars differed in their ability to respond to different levels of water stress. This will help to
discover more growth and physiological parameters (RWC, transpiration, stomatal resistance, stable isotope signatures, shoot dry
weight, ratio RD/SD, waxes, chlorophyll content, soluble sugar, SLDW) that might be related to water stress sensitivity.

Decreases in shoot dry weight and increase in the ratio RD/SD are well known responses of plants to water stress (Zhang, 1995;
Tambussi et al., 2007). Root Shoot Ratio is one of several ratios, which give estimates of the distribution of dry matter between the
different plant organs (Wasson et al., 2012; Carvalho et al., 2014). It is a measure of the distribution of dry matter between the

root and the shoot systems.
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Our results indicated that the water stress led to increase in root shoot ratio, with Acsad and Chen’s the most affected cultivars
under the most severe water stress conditions with respectively 85.5% and 48.5% compared with theirs WW plants.

This trend to decrease this ratio has been widely reported (e.g., Abdalla and El-Khoshiban, 2007) as the root was not affected by
water stress, and the decrease in the total dry weight is due to the lack of dry weight of shoot. Researchers considered the increase
in root growth as an indicator of the ability of plants to withstand water stress, as well as to screen plant cultivars for drought
tolerance (Richards et al., 2010).

Under water deficit stress, specific flag leaf dry weight (SLDW) was sharply reduced due a combination of leaf growth reduction.
Reduced expansion of younger leaves caused a decrease in the SLDW in stressed plants. The present result is in agreement with
the findings in wheat (Tambussi et al., 2007; El Fakhri et al., 2010) and many other herbaceous crop species (e.g., Carvalho et al.,
2014).

The relative water content (RWC) is considered as one of the easiest agricultural parameters that can be used to screen for plants
drought tolerance. It is a useful indicator of the state of water balance of a plant, essentially because it expresses the absolute
amount of water, which the plant requires to reach artificial saturation (Gonzalezet al., 2010; Ganji et al., 2012).

Significant positive correlation was found between RWC and shoot dry weight. This result confirms previous works on durum wheat
and bread wheat (Larbi, 2004), showing the effect of water stress on RWC in wheat plants.

Water deficit has exerted a negative effect on RWC, thus in the presence of water stress, the testing genotype lose much more
water than under will water conditions. The ability of the plant to survive severe water deficits depends on its ability to restrict
water loss through the leaf epidermis after the stomata have attained minimum aperture (Larbi, 2004). These results are the same
as reports of Araus et al. (2000) and el Jaafari (2000) and generally are agreement with result of this study. On the other hand,
difference in RWC of genotype that are under drought stress may be for this reason that the ability of more absorption of water
from soil or ability of stomata to reduce the loss of water is different (Keyvan, 2010). Boutraa et al. (2010) expressed with increase
of drought stress of wheat, RWC decrease, in drought stress conditions, the cultivars that are resistant to drought have more RWC.
RWC is closely related with cell volume and it may closely reflect the balance between water supply to the leaf and transpiration
rate (Araus et al., 2000).

Higher transpiration rates have been reported in leaves from well water than in water stress plants tested genotypes. This
difference is due may be to the physical action of water on the cuticle (Clarke and Richards 1989) or to differences in cuticle and
leaf hydration. Seo Gonzalez et al. (2011) reviewed literature suggesting that drying of the cuticle reduced residual transpiration
rates as water-stress increased. Similar result obtained in wheat (Merah et al., 2000; Kosma et al., 2009; Zhang et al., 2013) and
Barley (Gonzalez et al., 2010).

Cuticular transpiration represents the main way of water loss during night under optimal conditions and during noon under drought
conditions, when stomata are closed. A lack of a tight closure by stomata, together with the cuticular transpiration, also contribute
to the so called residual transpiration (Manzoni et al., 2011; Tian et al., 2013). A low residual transpiration has been proposed as
selection trait in wheat breeding for drought resistance (Clarke et al., 1991; Chahbar et al., 2016). Likewise, Schoppach et al., 2012
reported that a low rate of water loss through the plant cuticle is reported to be an important drought survival mechanism and
constitutes a substantial proportion of total transpiration in drought-stressed wheat.

A low stomatal resistance (or alternatively a high stomatal conductance) is a good indicator of good water status. Moreover, under
water limitation conditions genotypes with comparatively lower stomatal resistance are more resilient to water stress (Motzo et al.,
2013). In addition keeping leaf cool via transpiration is a protective mechanism against heat frequently associated to water stress
(Tesfaye et al., 2013).

In general, mild water stress is considered to restrict net assimilation rate via its effect on stomatal resistance while under severe
drought, reduction of net assimilation rate is ascribed to impairments in biochemical (decrease of net assimilation rate at relatively
constant and photochemical reactions (Ninou et al., 2013; Chahbar., et al., 2016).

Carbon isotope composition (3'3C) under water stress increased for all studied genotypes compared with non stress conditions,
which agree with previous studies (Ferrio et al. 2005; Cabrera-Bosquet et al. 2009; Araus et al. 2013). High 3*3C may also reflect
higher stomatal conductance, particularly after anthesis, when soil moisture decreases and water stress becomes stronger (Misra et
al., 2010).
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SLDW positively related to leaf thickness and/or to compact mesophyll cells both of them reducing CO, diffusion in the mesophyll
and thus increasing carbon isotope composition. Indeed, the carbon isotope composition depends not only on stomatal conductance
but also on mesophyll conductance and so on CO, concentration at chloroplast level (Merah, 2001). This hypothesis is consistent
with the positive correlation between SLDW and transpiration and the negatives correlations between the carbon isotope
composition, SLDW and chlorophyll content. Similar responses have been reported by Wright et al., 1994. The relation between
shoot dry weight and carbon isotope composition was examined and showed a positive relation.

Chlorophyll content was positively correlated to shoot dry weight. The genotype with high shoot dry weight also had high
chlorophyll content in well water and water stress conditions. These results agree with the explanation given by Zaharieva et al.
(2001). Akhkha et al. (2011) reported that drought tolerance genotypes have high chlorophyll content and high shoot dry weight
compared with genotypes under different water stress conditions. Chlorophyll content has been proposed as a screening criterion
for wheat tolerance. However, the expected decrease in leaf chlorophyll as a result of water deficit effect was probably offset in our
study by an increase in leaf thickness or packing of mesophyll cells as a response to water stress which eventually translated into
constant chlorophyll readings (Flexas et al., 2013; Ganji Arjenaki et al., 2012; Chahbar et al., 2016). The decreased level of
chlorophyll content is caused by photoinhibition and photo destruction of pigments and pigment-protein complexes and
destabilization of photosynthetic membrane both induced by drought (Attia, 2007; Araus et al., 2008, Keyvan, 2010).

The results showed that epicuticular waxes had similar compositions except for certain constituents. Acetates, hydrocarbons, fatty
acids, alkanes, bicyclical alkanes, alkenes, alcohols, aldehydes, ketones, cholesterols, esters, ethers, heterocyclicals and triterpenes
were the main determined compounds. The results also showed, that some constituents were present in both organs but in varying
amounts. Others were present in one organ but not in the other. In leaves, we did not note the presence of alkenes, cholesterols,
heterocyclicals and triterpenes as had been the case for spikes. In the spikes, we didn't note the presence of alkanes and acetates.
The chemical composition of waxes varied among organs (leaf or spike) but it still retains its primary role that was waterproofing.
Water stress increased total waxes amount in flag leaf and spike compared with WW plants (Xue et al., 2017). Waxes increase
under drought conditions in sorghum (Hwang et al., 2002), wheat (Merah et al. 2001; Koch et al., 2006) pea (Sanchez et al. 2001)
and peanut (Samdur et al. 2003; Burow et al. 2008). Waxes are known to improve the efficiency of water use, regulating the
quantity of moisture lost via transpiration.

An important function of waxes is to increase the efficiency of stomatal control by reducing water loss after stomatal closure.
Indeed, plant survival during severe water deficits depends on the ability to restrict water loss through the leaf epidermis (loss
through cuticle plus loss due to incomplete stomata closure) may comprise up to 50% of total transpiration in water-stressed plants
during the day and 100% during the night (Araus et al., 2000). Similar responses have been reported for other plants exposed to
water deficit, including sesame (kim et al., 2007), Arabidopsis (Kosma et al., 2009) dicotyledonous, and graminaceous species
(Shepherd and Wynne Griffiths, 2006; Kim et al., 2007a, 2007b; Kosma et al., 2009; Lu et al., 2009).

Waxes are deposited in different ways and with different structures, forming an interface between the plant aerial organs and the
environment (Jenks et al., 2010). Although waxes of all plant species consist of alkanes, primary and secondary alcohols, wax
monoesters, aldehydes and free fatty acids, the quantitative distribution differs according to species. Likewise, we observed that
durum wheat plants exposed to water deficit possessed greater amounts of total waxes per surface area, with these being explained
mainly by an increase in the amount of hydrocarbons and fatty acids.
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