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Abstract. In Algeria, drought is a major abiotic constraint responsible for the low productivity of durum
wheat. This study aims to identify some mechanisms involved in water deficit adaptation and tolerance. The
tolerance mechanism is conditioned by different characteristics governing the regulation of transpiration
in its two forms from the leaf. This study analyzed 23 durum wheat genotypes under two water regimes:
irrigated and rain-fed. The results of this study showed that the variation of the transpiration level is strongly
conditioned by the leaf micro morphological and structural parameters represented by a reduction in woody
vessels diameter, the compaction of the mesophyll. Indeed, the reduction of transpiration is due to the
decrease in stomata density on the lower side of the leaf. This reduction resulted in a reduction of coating
cells size which induces the approach of the stomata fills.
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Introduction The low production recorded over the years
is mainly due to the low yields obtained. These
results are the expression of numerous constraints
where the most important was related to cultivation
practices and environmental conditions (abiotic
stresses). The cereal-growing area in Algeria
is mainly located in the interior plains and high

lands. In these areas belonging to the semi-arid

Cereal crops and particularly durum wheat holds
a prominent place in Algerian agriculture. The
area reserved for the cultivation of this species is
estimated each season at about 3 million hectares
(DSASI/MADRP, 2011 - 2016).

The importance of this crop is justified by its

wide use for human food. Its products are a staple
in the Algerian diet. However, its production falls
short of meeting the increasing demands of the local
population. To satisfy these needs, our country has
to import the product in its various forms from the
world markets (Slama et al., 2005).
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bioclimatic zone, drought constitutes a limiting
and determining factor, seriously altering the
development of the yield and consequently the
productivity of wheat (Turner, 1986; Bahlouli et al.,
2006; Bazzaz et al., 2019).

Any effort to improve production in this species



depends on the quality of the solutions to be
provided. The fight against the effects of drought
includes the practice of supplemental irrigation
and the use of plant material tolerant to the effects
of this stress. The practice of irrigation is one of
the solutions the application of which proves to be
difficult to implement, due to the scarcity of water
resources in the majority of the farms. The best
solution is the use of a plant material more tolerant
to water deficit. The creation of such material
requires determining and studying the criteria used
for the creation and selection of genetic variability
(Erchidi et al., 2000; Slama et al., 2005; Adda et al.,
2013; Tahir et al., 2019).

The tolerance of plants to water deficit is
achieved in two complementary ways: The first one
is with low water potential and the second one is
with high water potential.

Tolerance with high water potential is based on
various mechanisms, of which the regulation of
transpiration holds an important part (Heller et al.,
2009; Adda etal., 2013).These processes are related
to the morphology, micro morphology and anatomy
of the organ concerned (Blum, 1996; Selim et al.,
2019; Yang et al., 2021).

The main objective of the present work is to
identify easily detectable and efficient criteria
for the screening of genotypes having a better
management of water exchange and preservation
of hydration under drought conditions.

Material and methods

Plant material

The plant material for this experiment consisted
of 23 durumwheat genotypes, provided by the Tiaret
Field Crops Technical Institute (ITGC). Nineteen of
these genotypes originated from the International
Center for Agricultural Research in Dry Areas
(ICARDA) and were part of a breeding program.
The remaining four were cultivated varieties from
northern Algeria: Waha, Bousselem, GTA dur, and
Benimestina. The origins and main characteristics
of these genotypes are detailed in Table 1.

Experimental Design

The field experiment was conducted at the ITGC’s
Sebaine farm, located in western Algeria, during

the 2013/2014 crop season. The trial utilized a two-
factor design, focusing on irrigation and varieties.
The irrigation factor had two levels: irrigated at
90% field capacity during heading and flowering
stages, and rain-fed. The second factor involved 23
varieties. Each plot measured 2.5 m in length and
60 cm in width, comprising three rows with 20 cm
spacing, and was replicated three times.

Studied traits

Physiological parameters related to the relative
water content (RWC), the rate of water loss (RWL1
and RWL2) were determined by the equation of
Clark and McCaig (1982) and Clark et al. (1989).
The leaf area was measured directly with an Area-
meter AAM-8.

Micro-morphological parameters were evaluated
on the lower and the upper surface in the middle
of the penultimate leaf that was dusted off and,
after removing the epidermal hairs by applying an
adhesive tape, a thin layer of a clear nail varnish was
applied. Two minutes after, the varnish layer was
removed with the stomata print by using another
diaphanous adhesive tape and pasted on a slide
which was observed on an optical microscope ZEISS
to determine: stomata density, average distance
between two stomata, average distance separating
two consecutive rows of stomata and stomata index
calculated by the ratio of the stomata number and
the number of coating cells per unit area.

For structural parameter assessment, samples of
1 cm?were taken from the middle of the penultimate
leaf and fixed in a solution of ethanol and acetic acid
(17:1 ratio) for 24 hours. After fixation, samples
were washed, dehydrated through increasing
concentrations of ethanol, embedded in paraffin,
and sectioned using a LEICA RM 2145 microtome.
Sections were stained with carmine N40 and methyl
green for observation under a LEICA microscope to
assess various cellular dimensions and densities.
(Martoja and Martoja, 1967).

Statistical analyses

The collected data were analyzed using
STATISTICA software version 2.0 and STATBOX
Software version 8.40 to evaluate genotype-
environment interactions and correlations among
studied parameters at a 5% significance level.
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Table 1. Plant material characteristics (source: Boufenar and Zaghouane (2006))

N°  Genotypes Origins Phenology Drought resistance
01  Waha ICARDA early sensitive
ICARDA/ , . .

02  Bousselam CIMMYT Semi-late Highly resistant

03 GTAdur CIMMYT early resistant
Altar 84 /Stint//Silver-45/3/Stot//Altar84/Ald/5/

04 ICARDA | -
Ajaia-16//Horaljro/3/Gan/4Zar ey

05  Ainzen-1//Plata-6/Green-17 ICARDA early -
1A1D 5+10-6/3*Mojo//Rcol/4/Arment//SRN-3/

06 ICARDA -
Nigris-4/3/Canelo-9.1

07  lcarasha2 ICARDA early -
Rascon-22/Rascon-21//Mojo-2/3/Guanay/4/

08 Rcols/Sorar2*Plata-12//Sormat-3 ICARDA — early

09 Inter-16/snitan/9usda595/3/d67.3/ ICARDA early -

10  Beni Mestina S. Sétif EI\}/;cr)ltzlerately Moderately resistant

11 Mgn3/Aghrass2 ICARDA late -

12 CF4-JS21//Rascon-39/Tilo-1 ICARDA early -
Pasito — 15/Chen — 6//Somat —4  /Inter — 8/3/Hui/

13 Vav79//DONS7 ICARDA early -
Hubei//Sooty — 9/Rascon — 37/3/2*Sooty — 9/

14 ICARDA lat -
Rascon — 37/4/Sooty — 9/Rascon — 37 c ae
AC089/9/USDA595/3/D67.3/Rabi//Cra/4/Alo/5/Hui/

15 Vav— 1/6/Ardente/7/MuirYav79/8/Pod - 9 ICARDA — late ]

16 Stot//Altar84/Ald*2/3/IM ICARDA early -

17 COMARA//sooty — 9/rascon — 37/3/2*AJAIA - 12/... ICARDA early -

18  Bcrchi/Stojocri -3 ICARDA early -
Ajaia — 16//Hora/JR0O/3/Gan/4/Zar/5/Sooty — 9/

19" Rascon -37/6/Stot/Attar84/Ald ICARDA — early

20  AINZEN - 1/6/2*cmh82a 1062/3/GGOVZ394//SBA81/... ICARDA early -

21 Mrf1/Stj2//Gdr2/Mgnil1 ICARDA early -

22 TARRO - %2*YUAN - 1//AJAIA - 13/YAZI*2/9/... ICARDA early -

23 TARRO - "2*YUAN — 1//AJAIA — 13/YAZI/3/SOMAT 4/..... ICARDA early -

Icarda: international center of agricultural research in dry areas, CIMMYT: International maize and wheat improvement

center

Results

Statistical analysis of the results of physiological
parameters (Table 2) reveals a strong dependence
of the relative water content on genetic variability
and the imposed water situation (P<0.01 and

P<0.001). The interaction between the two factors
(genotype x water status) had no significant effect
on the development of this characteristic (P>0.05),
indicating that the genotypes tested showed similar
behavior in the presence of water stress for the
development of the RWC parameter.

Table 2. P values of physiological parameters from the two-way Analysis of variance for physiological traits studied

Variation source RWC RWL1 RWL2 LA
Genotype (G) 0.00200** 0.42742m 0.00140*** 0.00450**
Water regime (WR) 0.00000*** 0.28938 0.00200** 0.00020***
Interaction G*WR 0.90800" 0.87863" 0.28100" 0.07820"

Legend: RWC: Rate of water content, RWL1: Rate of water loss first phase, RWL2: Rate of water loss second phase, LA:

leaf area
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The average results obtained from the estimation 7% for all genotypes (Table 3) This evolution is
of this parameter showed that the application of  justified by a positive and significant relationship of
supplemental irrigation resulted in an improvement ~ r=0.38"* (Table 4).
in relative water content at an average level of

Table 3. Mean values of physiological parameters studied

Genotypes Water regime RWC LA RWLA1 RWL2
1 IRR 59.39 36.92 0.40 1.01
1 Rain fed 74.40 37.03 0.57 1.31
2 IRR 78.60 31.78 0.24 0.82
2 Rain fed 82.74 37.70 0.37 1.01
3 IRR 75.10 36.38 0.41 1.28
3 Rain fed 78.47 37.90 0.44 2.22
4 IRR 81.00 32.56 0.38 0.70
4 Rain fed 83.00 33.55 0.31 0.98
5 IRR 79.81 35.41 0.21 0.71
5 Rain fed 86.30 31.69 0.27 0.91
6 IRR 81.33 33.48 0.36 0.65
6 Rain fed 81.74 36.47 0.25 1.15
7 IRR 71.39 28.63 0.58 0.97
7 Rain fed 75.92 40.50 0.48 1.22
8 IRR 73.10 32.93 0.25 0.81
8 Rain fed 85.34 31.32 0.52 2.19
9 IRR 72.93 25.52 0.41 1.11
9 Rain fed 77.00 35.92 0.27 1.18
10 IRR 78.03 28.97 0.35 0.96
10 Rain fed 84.61 37.46 0.52 1.37
11 IRR 7717 31.75 0.47 0.91
11 Rain fed 78.66 29.91 0.41 1.12
12 IRR 85.52 23.09 0.47 0.54
12 Rain fed 85.83 35.82 0.38 1.20
13 IRR 77.64 22.08 0.53 1.42
13 Rain fed 79.92 28.35 0.40 1.51
14 IRR 78.41 29.39 0.36 0.54
14 Rain fed 80.63 45.28 0.29 0.71
15 IRR 75.93 31.76 0.47 0.70
15 Rain fed 80.11 27.28 0.25 0.67
16 IRR 75.27 24.76 0.40 0.85
16 Rain fed 83.82 29.92 0.35 0.97
17 IRR 80.29 28.95 0.35 0.89
17 Rain fed 84.42 34.80 0.34 0.88
18 IRR 67.54 25.75 0.46 0.74
18 Rain fed 82.40 32.38 0.34 0.96
19 IRR 80.00 30.40 0.31 1.03
19 Rain fed 82.27 26.44 0.33 0.92
20 IRR 83.68 24.78 0.37 1.14
20 Rain fed 86.72 28.03 0.38 1.28
21 IRR 76.40 33.48 0.41 0.86
21 Rain fed 87.12 27.28 0.20 1.1
22 IRR 79.39 23.29 0.28 0.60
22 Rain fed 90.01 28.36 0.18 0.48
23 IRR 88.28 24.88 0.29 0,88
23 Rain fed 91.49 31.25 0.11 0.26

Legend: IRR: Irrigated, RWC: Rate of water content, LA: leaf area, RWL1: Rate of water loss first phase, RWL2: Rate of
water loss second phase.
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The statistical analysis of the results of the
rate of water loss through the excised leaf during
the first phase RWL1 represented essentially by
stomata transpiration showed no significant effect
of the genetic variability tested, the imposed water
regime and their interaction on this parameter
(p>0.05).

The estimated water loss during the second
phase, RWL2, primarily involves cuticular
transpiration, which occurs subsequent to the
closure of the stomata in leaf response. Statistical
analysis of the data showed that variations in this
characteristic were strongly dependent on genotype
and water status (p<0.01) (Table 2). The results

indicated that the application of irrigation was
accompanied by an increase in the rate of water
loss through the leaf (r=0.27**) (Table 4).

Leaf area was strongly influenced by water
deficit, and the resistant genotypes reacted to water
stress by reducing their leaf area. The statistical
analysis of the results showed that the nature of
the genotypes, the water regime adopted and their
interaction greatly influenced the expression of
this characteristic (p<0.01).The average results
indicated that leaf area was greater in the irrigated
system compared to the dry conditions, as shown
in Table 3.

Table 4. Correlations between physiological, micro morphological , structural parameters and the water regimes applied

G WR RWC LA RWL1 RWL2 SDU SDL  DSU

G 1.00
WR |-0.00 1.00

RWC |0.41 0.48 1.00

LA -0.54 0.38 -0.12 1.00

RWL1 |-0.30 -0.17 -0.43 -0.00 1.00

RWL2 |-0.33 0.33 -0.07 020 0.49 1.00

Sbu [0.30 0.14 0.21 -0.08 -0.02 0.02 1.00

sbL |-0.23 -0.12 -0.22 0.05 -0.08 -0.06 -0.17 1.00

DSU |-036 0.26 -0.16 040 012 021 -0.11 -0.11 1.00

DSL |0.08 0.07 0.03 0.00 -0.00 0.00 -0.06 -0.45

DFSU |0.30 0.09 0.7 013 -0.16 -0.10 -0.07 0.10  -0.06

DFSL |0.02 0.33 017 006 -0.12 0.11 028 -0.11 0.22

SIuU |0.03 -0.28 -0.17 -0.24 013 0.01 0351 -0.171 -0.15

SIL |-040 -0.24 -033 025 0.03 0.05 -020 053 -0.15

BC@ |-0.56 0.08 -0.09 037 032 033 -007 0.09 0.20

CCo |030 -0.08 025 -0.28 -0.30 -0.21 0.157 -0.26 -0.02

-0.19 -0.30 -0.11 0.40

BCD |0.46 021 0.35 -0.16  -0.08

THM |-0.01 -0.08 0.10 0.01 -0.27 -020 0.01 015 -0.08

@wWv |032 016 002 0.00 -018 -0.03 -0.02 -0.06 -0.22

-0.1177

DSL DFSU DFSL SIU SIL BC& CC@ BCD THM  @WV
1.00

-0.14  1.00

-0.214 -0.01 1.00

0.034 -0.71 0.04 1.00

-0.01 -012 -042 013 1.00

006 -0.09 0.05 0.01 0.11 1.00

-0.00 -0.06 0.04 025 -0.19 -0.00 1.00

-0.10 005 022 025 -0.35 -0.36 0.26 1.00

022 008 004 -025 0.14 0.09 0.04 -0.16917 1.00

0192 010 -0.05 -0.07 -0.10 -0.22 -0.01 0.16 0.07 1.00

Legend: G: Genotypes, WR: Water regimes, RWC: rate of water content, LA: leaf area, RWL1: rate of water loss first
phase, RWL2: rate of water loss second phase, SDU: stomata density upper side of leaf, SDL: Stomata density lower side
of leaf, DSU: distance separating stomata on upper side of leaf, DSL: distance separating stomata on lower side of leaf,
DFSU: distance separating two filaments of stomata on upper side of leaf, DFSL: distance separating two filaments of
stomata on lower side of leaf, SIU: stomata index of upper side of leaf, SIU: stomata index of lower side of leaf, BC@: bul-
liform cell diameter, CC@: coating cell diameter, BCD: bulliform cell density, THM: thickness of mesophyll, @WV: diameter

of woody vessel.

***Correlation is significant at p<0.001, **Correlation is significant at p<0.01, * Correlation is significant at p<0.05.
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Stomata density was evaluated at the level of
the two sides of the leaf (upper and lower) (Figure
1). According to the results obtained, there was a
slight superiority of stomata number on the upper
surface. The effect of irrigation on stomata density

remained variable and depended on the leaf face.
There was no significant effect of irrigation on
stomata density on the lower side. In contrast, the
number of stomata increased on the upper side
(Table 4).

Figure 1. Bulliform cells (BC) (A) and coating cells (B) of genotype 20 under Rain fed (RF) conditions (x100). Photos

Tahir, 2013

The average distance between stomata was
independent of the genetic variability tested, it was
highly dependent on the water situation adopted
(Table 3). On the ventral side, the water deficit
induced a reduction in the distance between stomata.
On the dorsal side of the leaf, the distance between
stomata was greater than on the ventral side.

Numerous  parameters control  stomata
movement dynamics. The structure of the
epidermal cells is an important factor. The micro
morphology of the leaf of this species indicates
that the spacing between stomata, arranged in
characteristic rows (filaments), is a criterion for
inter-genotypic variation and for the variation of
water treatments applied.The obtained results
indicate that this distance is reduced on both sides
of the leaf (ventral and dorsal) in the absence of
irrigation (Table 4).

Indeed, it is acknowledged that stomata density
alone cannot fully explain the dynamics of stomatal
movement, highlighting the significant influence
of the surrounding epidermal cell structure on
their mobility. The stomata density/epidermal cell
ratio index could be one of the criteria that could
give a concrete expression to this dynamic. The
average results showed that variations in water
supply levels were also accompanied by a similar
change in this index. Irrigation increased the ratio
on the underside of the leaf. In contrast, the effect
of irrigation reduces the ratio at the top of the
leaf (Table 4). The anatomical parameters used
in this study were closely related to the plant's
management of transpiration.

Bulliform or motor cells are found only on
the upper face of grass leaves, and are the main
elements controlling leaf curling. This phenomenon
(leaf curl) depends on the characteristics of these
cells (their number per site, the frequency of their
insertion and their cytological characteristics). In
the current study, the characteristic selected refers
to the number of these cells per location in the
upper epidermis of the leaf. The variations in the
number of bulliform cells observed in the same
genotype across different water situations would
be induced by a change in their structure, and thus
become difficult to distinguish from coating cells.

The results demonstrated that the lack of
irrigation led to a notable decrease in the diameter
of the coating cells on the leaf‘s underside and the
bulliform cells on the upper surface, indicating
the impact of water availability on cell structure.
Indeed, dry conditions also allowed thickening of
the external wall of the coating and bulliform cells
(Figure 1).

Mesophyll thickness, also known as mesophyll
compaction, is a key parameter in the regulation of
transpiration in plants, particularly under drought
conditions. The reduction in mesophyll thickness
is linked to a reduction in the availability of easily
evaporated water. This reduction would also be
linked to the lowering of the imbibition potential,
thus accentuating water retention in plant tissue.
The results obtained from the measurement of this
parameter showed no significant effect of the water
situation on the variations of this characteristic
(Table 4). However, large variations in the thickness
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of mesophyll were observed among the genotypes

PO D A

tested (Table 3, Figure 2).
AN A
- e

Figure 2. Thickness compaction of the mesophyll of the genotype 10 (X40) (E) and the diameter of woody vessel (F).

Photos Tahir, 2013

It is well known that the hydraulic resistance
of sap-conducting elements, particularly xylem, is
a criterion for moisture deficit tolerance through
water retention. At the leaf level, reducing the lumen
of woody vessels contributes to a better water
efficiency and reduces its loss via the cuticular
pathway. The measurement of the diameter of the
woody vessels of the meta-xylem of the median
vein of the last leaf indicated that the average values
recorded in the rainy system were lower than those
recorded in the irrigated one (Figure 2). These
variations clearly indicate that the trait in question
is an expression induced by variations in water
regimes.

Discussion

Water deficit affects plant behavior and
productivity by impacting various fundamental
processes. Among these functions, the various
physiological parameters play an important role,
conditioning the plant’s reactions to the actions
exerted by the abiotic environment (Adda et al.,
2013).

Plant water status, represented by relative water
content, is an effective criterion for assessing the
effects of water deficit on plant function, and for
selecting stress-tolerant genotypes. The relative
water content is the main early parameter for
predicting the effects of water deficit (Adda et al.,
2013; Hassani et al., 2014). The results confirm this
tendency. Lack of irrigation significantly reduced
relative water content in rain-fed plants (r=-0.48**),
as shown in Table 3. This is in agreement with the
results obtained in previous studies conducted
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on the same crop (Selim et al., 2019; Kaur and
Sarlach., 2020). They concluded that depression of
the water supply level is always accompanied by a
reduction in the RWC of the plant tissues, which
demonstrates that any shortage of water supply
perceptible by the plant is expressed by a lowering
of the water content of the vegetative organs,
essentially the leaf system (Zaharieva et al., 2001,
Hassani et al., 2014; Lahouel et al., 2019; Tahir et
al., 2019). The genotype varying ability to maintain
water content indicates their differing tolerance
to water deficit. Indeed, many genotypes show a
fairly high tolerance to water deficit, while others
are very sensitive. The first group is represented by
genotypes 23 and 22, while the rest of the collection
iS more sensitive.

Under drought conditions, the regulation of
exchanges between vegetative organs and the
environment is of crucial importance in preserving
their hydration levels. This is confirmed by the
clear relationship established between transpiration
estimated through water loss through the excised
leaf (RWL1) and relative water content (RWC)
(r=-0.43**) (Table 4). This indicates that the
intensification of transpiration acuity is responsible
for excessive loss of leaf water content (Zaharieva
et al., 2001; Gharabi et al., 2018; Lahouel et al.,
2019; Kaur and Sartach, 2020). The intensity
of transpiration in its two forms, stomata and
cuticular, is influenced by the water regimes applied
to the plants. Thus, the first phase of the RWL,
representing essentially stomata transpiration, is
not affected by the water regime (WR) applied to the
plants (r=-0.17) (Table 2, Table 4). In contrast, the
second phase of RWL, which essentially represents
cuticular transpiration, is highly dependent on the



water regime applied to the plants (Table 2). In
fact, this result indicates that cuticular transpiration
in rain-fed plants is less intense than in irrigated
plants (r=0.33**) (Table 4). Cuticular transpiration
would appear to be strongly controlled by micro-
morphological and structural aspects of the leaf.
The differentiation of these parameters obviously
depends on the plant’s feeding conditions (Hameed
etal., 2009; EI- Afry et al., 2012).

Screening for water tolerance identifies
genotypes that show reduced leaf area and
increased leaf thickness under drought, maintaining
photosynthetic yield. These hypotheses converge
with the work of Tahir et al. (2019); Kaur and Sarlach
(2020) and Tahir et al. (2021).

Water deficit, as defined in this experiment,
seems to have no significant effect on micro-
morphological characteristics (Table 4). Except
that, the slight increase in stomata density
accompanying the absence of irrigation can be
explained in particular by the reduction in the size
of the coating and stomata cells imposed by the
water deficit. Several studies, including Hameed
et al. (2009) and Gharabi et al. (2018), confirmed
that water deficit reduced epidermal cell size and
increased stomata density.

The structural parameters represent highly
effective water deficit tolerance criteria when
used. This efficiency is justified by a high degree
of heritability, which concerns most of them.
This heritability makes them parameters with
stable induction and linked to the phenomenon
of adaptation (Erchidi et al., 2000). The results
obtained demonstrated the profound structural
changes that accompanied deficiencies in water
supply. The main changes under dry conditions
were a reduction in cell diameters, thickening of
parietal structures, an increase in the number of
bulliform cells per integration site and, finally, an
increase in hydraulic resistance through a reduction
in the diameter of conducting vessels (Raven et al.,
2007; Hameed et al., 2009; Assem et al., 2017 and
Taratima et al., 2020).

The study of relationships between plant water
status, represented by relative water content and
water loss through the excised leaf, on the one
hand, and the leaf structural parameters, on the

other (Table 4), reveals dependencies of crucial
interest. These include the relationship between the
size of the epidermal cells on the upper surface and
the estimated water loss through the excised leaf
during the first period (r=0.32**) (Table 4) and the
second period (r=0.33**) (Table 4).This indicates
that under drought conditions, water evaporation
is more easily achieved from larger cell sizes than
from smaller ones. These results were confirmed by
the work of Adda et al. (2013), who showed that the
induction of cell size reduction leads to an increase
in hydraulic resistance and water retention, thus
limiting the movement of water from plant tissues
to the atmosphere.

A very important fact has been noted, relating
to the existence of bulliform cells. The results
indicate that their number has a major influence on
relative water content, as well as on transpiration
in its two forms. Bulliform cells are responsible for
leaf movement through the leaf curl phenomenon
(Blum, 1996; Sallam et al., 2019). According to
the results obtained, relative leaf water content
is positively and significantly correlated with the
number of bulliform cells (r=0.35**) (Table 4).
This explains why any increase in the number of
bulliform cells preserves leaf water content (Figure
1). This increase would be at the origin of greater
efficiency in the leaf curling process and consequent
obliteration of transpiration water loss pathways (El
Afry et al., 2002; Farhat et al., 2021).

Thicker cell walls on the leaf’s lower surface
effectively reduce water loss, minimizing cuticular
evaporation (Figure 1). This thickening concerns
cellulose appositions and lipid encrustations (cutin,
waxes) (David et al., 2017; Taratima et al., 2020).

Mesophyll compaction is also an important
parameter in the management of plant water status.
In fact, the thickening of the mesophyll (Figure 2)
that accompanies the reduction in leaf surface is a
reference parameter for selecting genotypes that
limit the reduction in water status. According to
the results obtained, this mesophyll thickening is
accompanied by a clear reduction in both stomata
transpiration (r=-0.27**) and cuticular transpiration
(r=-0.20%). The proposed results were confirmed
by numerus studies in this field (Assem et al., 2017;
David et al., 2017).
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The xylem’s hydraulic resistance, crucial for sap
movement, serves as a marker for a plant’s ability
to retain water and withstand drought. At leaf level,
reducing the lumen of woody vessels contributes
to a better water efficiency and reduces its loss
through the cuticular pathway.

Conclusion

Water deficit is a significant factor affecting
durum wheat productivity. It is crucial to recognize
and research the genetic diversity and selection
factors involved in order to produce tolerant plant
material. According to the study, one important
mechanism underlying the durum wheat species’
greatvariety is the regulation of transpiration. For the
best possible physiological functioning, genotypes
that effectively regulate transpiration intensities can
keep the water status within manageable ranges. The
study also showed that the shape and structure of
the organs affect plant transpiration processes, with
micro-morphology being a major factor. Reduced
cuticular transpiration intensity can be achieved
by reorganizing the leaf structure. The results
obtained in this study show that genotypes 22 and
23 are drought resistant in semi- arid zones. For the
purpose of determining durum wheat’s tolerance to
water deficiency, the structural parameters of the
plant are used as an indicator of reference.
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