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Among the abiotic stresses, drought is the first environmental stress responsible for a decrease in agricultural production
worldwide; it affects plants in various ways, including slowing down plant growth and disrupting its general physiology.
Arbuscular mycorrhizal symbiosis and plant growth-promoting rhizobacteria (PGPR) are considered to be the bioameliorators of
the plant’s resistance to water stress. )e present study investigated the effects of inoculation with arbuscular mycorrhizal fungi
(AMF) and PGPR on the water status and antioxidant enzyme activities of date palm seedlings grown under water stress
conditions. )e parameters related to the plant’s water status were significantly (p< 0.05) higher in the plants treated with
mycorrhizae and mycorrhizae + bacteria compared with their respective controls, especially under water stress conditions. )e
maximum proline content was obtained in plants inoculated with the AMF species and PGPR (combined) under severe water
stress conditions reaching a value of 2.588± 0.034 in 25% field capacity, compared with 0.978± 0.024 for the control. In addition,
the inoculated seedlings showed notably lower activities of superoxide dismutase (SOD), catalase (CAT), peroxidase (POX), and
glutathione S-transferase (GST) in response to severe water stress compared with nonmycorrhizal seedling. Overall, the
arbuscular mycorrhizal symbiosis and PGPR bacteria inoculation could be promising methods to enhance date palm resistance
against oxidative stress.

1. Introduction

Agriculture production decreases globally mainly due to
biotic and abiotic stresses. Abiotic stresses reduce the growth
and development of plants at biochemical and molecular
levels and cause immense crop loss in agricultural pro-
duction [1,2]. )is environmental stress poses a major

challenge in our quest for sustainable food production as it
reduces the potential yields as high as 70% in crop plants [3].
Overall, abiotic stress often results in several morphological,
physiological, biochemical, and molecular changes that
adversely affect plant growth, development, and produc-
tivity. Among these stresses, drought is the first environ-
mental stress responsible for a decrease in agricultural
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production worldwide; it affects plants in various ways,
including slowing down plant growth, disrupting the
membrane integrity of vital cellular organelles such as
chloroplasts, depriving photosynthesis, and creating an
imbalance in osmoregulation yield. Salinity is the second
most prevalent soil problem after drought [4,5]. It should
also be noted that nearly, all of these abiotic stresses result in
oxidative stress and involve reactive oxygen species (ROS)
formation in plant cells [1]. Under normal conditions, an-
tioxidant enzymes keep the production of ROS in cells at low
levels. )is balance can be disturbed by the loss of antiox-
idants or excessive concentration of ROS, resulting in oxi-
dative stress and causing ultimate damage to cellular
macromolecules and membranes and increased lipid per-
oxidation [6,7].

Nevertheless, in many cases, the production of activated
oxygen in plants exceeds their ability to detoxify it [8].
)erefore, sometimes, most plants possess an additional
mechanism that helps them to tolerate stress, which consists
of an association with the microbial population of their
rhizosphere surrounding that can help them to survive and
ameliorate their productivity [9]. )e microorganisms can
be present in the rhizosphere, root tissue, and/or a special
root structure called a nodule, and they generally include
bacteria, algae, fungi, protozoa, and actinomycetes [9].
Different types of bacteria have a significant effect on plant
growth and are known as plant growth-promoting rhizo-
bacteria (PGPR). )ey play an important role in increasing
plant growth and development through some direct and
indirect mechanisms such as plant growth regulators and
organic acids as well as protection through enzymes, under
both nonstress and stress conditions [10–12]. Generally,
PGPR bacteria can increase plant growth by increasing the
nutrient’s availability in the rhizosphere and also enhance
the production of plant hormones, such as IAA [13]. )ey
can also stimulate plant growth and development
throughout the production of substances such as exopoly-
saccharides and rhizobitoxin that allow the plants to
withstand abiotic stress conditions [11,14].

In addition to the bacterial population present in the
rhizosphere, fungi also represent a significant portion of soil
rhizosphere microflora and play an important role in plant
growth. )e symbiotic association generated by fungi
(mycorrhizae) with plant roots increases the root surface
area and thus allows the plant to absorb water and nutrients
more efficiently from large soil volume. )is obligated
mycorrhizal association not only increases the nutrient and
water availability but also protects the plant from a variety of
abiotic stresses [15–18].

Some mechanisms used by arbuscular mycorrhizal fungi
(AMF) under certain conditions can explain the growth
promotion due to this association, which includes the
production of metabolites such as amino acids, vitamins,
phytohormones, and/or processes of solubilization and
mineralization [19]. It is also well documented that AMF
influence the expression of several antioxidant enzymes that
protect plants from reactive oxygen species generated under
stress conditions [20,21]. While supplying plants with

nutritional and structural benefits, they also provide other
benefits to them including production/accumulation of
secondary metabolites for osmotic adjustment under os-
motic stress, improved nitrogen fixation, enhanced photo-
synthesis rate, and increased resistance against biotic and
abiotic stresses. Many researchers have reported that AMF
can improve plant’s tolerance to heavy metals, drought, and
salinity and also protect plants from pathogens [22–26].

Date palm is one of the most important members of the
Palmaceae family and one of the oldest fruit crops grown in
the arid regions [27]. It has long been one of the major fruit
crops for many arid and semiarid populations because of its
high productivity, the high nutrient value of its fruits, and its
adaptation to conditions of the Saharan regions. It has a very
ancient history and it is still a key food supply for this
population. During the past three centuries, dates were also
introduced to new production areas in Australia, India,
Pakistan, Mexico, southern Africa, South America, and the
United States [27]. Dates are the main income source and
staple food for local populations in many countries in which
they are cultivated and have played significant roles in the
economy, society, and the environment of those countries
[28]. Moroccan date palm groves occupy a surface area of
more than 48,000 ha with a population of 4.8 million trees;
they are composed of about 55.6% seed-derived seedlings
representing about 2.5 million trees, each of which is ge-
netically different [29]. However, these groves are facing a
tremendous risk of disappearing with the permanent stress
due to the destructive “Bayoud” disease caused by the soil
fungus (Fusarium oxysporum f. sp. albedinis), one of the
known diseases in the world that is difficult to control, as
well as the prolonged drought and traditional water man-
agement in the country. In order to combat “Bayoud”
disease, the National Institute of Agronomic Research
(INRA) has developed resistant cultivars for date palm trees:
“Najda” cultivar, with good fruit quality and resistance to the
disease [29]. Despite its good performances with the biotic
stress, this cultivar is still very affected by drought stress and
in need of more strategies against this abiotic stress.

In a previous study, we have demonstrated the effect of
AMF and PGPR bacteria symbiosis on the growth param-
eters of date palm “Najda” cultivar under drought stress.)e
present study focuses on the biochemical activity and en-
zymatic responses of this cultivar under drought stress
conditions. While featuring the role of the AMF and PGPR
bacteria, symbiosis plays a role in the antioxidant response.
To our knowledge, no study has been conducted for date
palm “Najda” cultivar under water stress conditions. Plant
cells produce different antioxidant enzymes such as catalase
(CAT), peroxides (POX), superoxide dismutase (SOD), and
glutathione S-transferase (GST) that scavenge the reactive
free radicals [30]. In this paper, we studied the effect of
inoculation of drought-tolerant plant growth-promoting
bacteria Bacillus S48 isolated originally from arid rhizo-
sphere and a complex of 28 different species of AMF isolated
from the rhizosphere of a Zagora palm grove on the tol-
erance of date palm “Najda” cultivar to drought stress in
terms of the biochemical status of the plants.
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2. Materials and Methods

2.1. Plant, Soil, and Microorganisms

2.1.1. Arbuscular Mycorrhizal Fungi Spores. Soil samples
containing root fragments were taken near the rhizosphere
of a palm grove in Zagora, located in the experimental
domains of INRA (Regional Centre for Agronomic Research
of Errachidia, Experimental Domain of Zagora), at a depth
of approximately 10 cm to 40 cm, with 3 samples for each
type of rhizospheric soil.

2.1.2. Trap Culture. Trapping is highly necessary to obtain
many healthy spores of colonizing fungi for identification
and as inoculum.)e trap cultures were prepared as follows:
the plant’s debris and shoots were removed from the soil
samples collected, and the roots fragments were cut into
small fragments and mixed with the associated soil. After
that, the blend was mixed in 1:1 (v/v) ratio with autoclaved
soil and then transferred into plastic pots (13× 09 cm) with
barley seeds (80–100 seeds/pot). Barley (Hordeum vulgare
L.) was used as a host plant for the trapping cultures, and the
pots were kept in a greenhouse for at least four months
before being used.

2.1.3. PGPR Bacteria. )e bacterial strain was isolated from
an arid soil in the Saada experimental domains of INRA,
Marrakech. It was selected for its beneficial activities to plant
growth and health, more precisely for its positive effect on
two Moroccan wheat varieties (Triticum durum Desf.) in a
previous study conducted in vitro by Chrouqi et al. [31] in
the same laboratory.

2.1.4. Mycorrhizal Inoculum Multiplication. )e MF inoc-
ulum cannot be produced independently from the plant.
Mycorrhizal fungi spores were isolated from different soils
and have to be trapped and multiplicated on a host plant.
)ereby, the AMF inoculation was supplied in the form of
barley root segments infected by the above AM fungi
complex from the morphological identification. )e pa-
rameters of barley root infection were calculated after 4
months of culture using the technique stated by Trouvelot
et al. [32]. )e frequency of infection was approximately
maintained at 80% for the barley roots; then they were
surface-disinfected for 10min, rinsed with sterile distilled
water thrice for 10min, and cut into 1-2mm long fragments
to be used as an inoculum based on the method suggested by
Strullu et al. [33].

2.2. Plant Growth Conditions

2.2.1. Mycorrhizal Inoculation and Growth Conditions.
)e current experiment was conducted at the National
Institute of Agronomic Research, Plant Protection Unit,
Laboratory of Phyto-Bacteriology, Marrakech, during 8
months of growth in a greenhouse. Seedlings generated from
“Najda” seeds were grown in plastic pots (15×14 cm) filled

with 2 kg of a mixture of sterile sand and peat (2:1 v/v) under
total conditions of 16 h light, 60–70% relative humidity, and
25–30°C temperature. )e plants were divided into four
major groups: control plants (C), plants inoculated with
AMF (M), plants inoculated with AMF+PGPR bacteria
(M+B), and plants inoculated with PGPR bacteria only (B),
with 10 plants in each treatment. Two grams of fresh weight
of barley root fragments was applied to the plant roots as an
inoculum. After 2 months of growth, the bacterial sus-
pension was added to the M+B and B treatments. )e
control plants were grown under the same conditions,
without either the barley root fragments or the bacterial
suspension.

2.2.2. Bacterial Inoculation. )e bacterium Bacillus genus
was extracted from the wheat rhizosphere grown in INRA’s
Saâda experimental domain, Marrakech. )is bacterium was
found to be the most effective PGPR strain with different
multiple plant growth-promoting activities as described by
Chrouqi et al. [31]. Bacterial suspensions were prepared as
specified by Mayak et al. [34]. In summary, one bacterial
colony was grown on a solid DF [35] medium containing
ACC (1-aminocyclopropane-1-carboxylic acid) as a pure
source of nitrogen, then inoculated to the YTmedium, and
finally incubated for 24 h with extensive shaking, approxi-
mately 250 rpm, for proper aeration. )e bacterial cells were
pelleted by centrifugation at 5,000x g for 10min and then
resuspended in distilled water. )is was repeated twice to
adjust the bacterial concentration at 1.0 absorbance unit at
600 nm. )e latter suspension was used to irrigate plants as
indicated by Mayak et al. [34].

2.2.3. Water Stress Application. )e date palm plantation
was conducted in plastic three liter pots, fitted with a
drainage system to remove the excess water, which allows
determination of the field capacity (FC) of the soil [36].
Tobar et al. [36] explained the technique for the water stress
application. W1 is the first weight of the pot full of dry soil.
)e same pot was then irrigated to saturation and left to
drain under gravity until it reaches a steady weight of W2.
)e difference between the two weights (W2−W1) matches
the volume needed to obtain 100% FC of the soil used (100%
FC). Following this equation (1): (0.75 or 0.50 or
0.25)× (W2−W1), the volume required for obtaining the
weights of the buckets at 75%, 50%, and 25% FC ( W3, W4,
and W5) was determined, respectively. All through the
experiment, pots were brought back to the weight corre-
sponding to the water treatments imposed (100%, 75%, 50%,
or 25% FC) by successive weighing and irrigation. During
the experiment, the pots were weighed twice a day in a
balance of 70.041M, 0.1–5 g accuracy, and 30 kg weighing
capacity, and the lost water was replaced. For each exper-
imental treatment, four water regimes were applied (100%,
75%, 50%, and 25% FC) with 10 plants in each treatment.

2.3. Determination of AMF Root Colonization. A part of the
roots from the lateral root system is properly rinsed from soil
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remains, then cleaned using 10% KOH at 90°C for 30min,
acidified afterward with 1% HCl for 10min, and finely
stained with trypan blue at 90°C for 20min as described by
Phillips and Hayman [37]. )e evaluation of the
mycorrhization parameters was conducted for 30 root

fragments of 1.0 cm in length using a Zeiss Axioskop 40
microscope at 40–100x magnification, according to Trou-
velot et al. [32]. Two mycorrhizal parameters, the AMF
infection frequency (Fa %) and the AMF infection intensity
(Ma %), were calculated, as follows:

AMF infection frequency(Fa%) �
infected root segments
total root segments

× 100, (1)

AMF infection intensity(Ma%) �
(95n5 + 70n4 + 30n3 + 5n2 + n1)

total root segments
, (2)

where n5 is the root number with infection level of five
(infection rate, 90–100%); n4 is the root number at level four
(infection rate, 50–90%); n3 is the root number at level three
(infection rate, 10–50%); n2 is the root number at infection
level two (infection rate, 1–10%); and n1 is the root number
at level one (infection rate, 0–1%).

2.4. Measurement of Plant Growth Parameter. )ese mea-
surements were carried out in the laboratory in the same way
and under the same conditions. )e plants were harvested
after 32 weeks of growth, before drying the leaves at 105°C
for 24 h to measure dry shoot weight (DW), and the fresh
shoot weight (FW) was measured to calculate the parameters
related to the plant’s water status.

2.5. Estimation of RelativeWater Content. )e relative water
content estimation stated by Boyer [38] is a reliable indicator
of the water balance state of the plants and considers not
only the differences in the amount of water present in the
tissues but also the changes in their capacity to absorb water
during the tissue saturation experimental stage. )e fresh
leaf tissues were weighed to get the fresh weight (FW) before
being placed in Petri dishes with water and incubated at
room temperature for 24 h. )e tissues were later taken out,
blotted dry, and weighed to get the turgid weight (TW).
Subsequently, the samples were dried at 80°C for 24 h and
weighed again to obtain the dry weight (DW).

RWC (%) expresses the water content in the sample after
harvest at a given time as related to the water content at full
turgor (TW):

RWC (%) �
(FW − DW) × 100

(TW − DW)
. (3)

2.6. Determination of Membrane Permeability. Plant cell
membranes play an important role in cell functioning, and
they are made of a lipid bilayer with intrinsic or extrinsic
proteins. In the event of stress, these membranes will un-
dergo denaturation, which will alter their integrity. Leaf
membrane permeability was measured by electric conduc-
tivity (EC) as described by Yan et al. [39]. Five discs from a
leaf of each sample were removed with a cookie cutter and

rinsed in a Petri dish containing distilled water. )e discs
were then placed in a beaker or tube containing 10ml of
distilled water. )e leaf samples were immersed at 30°C for 3
hours, and then the conductivity of the solution was mea-
sured for the first time with a previously calibrated con-
ductimeter (C1). )en the conductivity was measured for a
second time (C2) after placing the sample in a boiling water
bath for 20 minutes and then cooled to room temperature.
)e percentage of electrolyte leakage was calculated as
follows:

EC �
C1
C2

× 100. (4)

2.7. Estimation of ProlineContent. Proline is a part of the so-
called osmoprotective molecules because they have a pro-
tective role at the level of proteins, protein complexes, and
membranes. )e accumulation of proline in leaves, stems,
and roots is considered one of the most common induced
responses to stress, making it an excellent stress detector.

Leaf samples from date palm seedlings were collected for
the experiment. Extraction procedure and colorimetric de-
termination were carried out as follows [40]: samples of 1 g
leaf fresh weight were ground in a mortar after the addition of
a small amount of quartz sand and 10mL of a 3% (w/v)
aqueous sulfosalicylic acid solution. )e homogenate was
filtered through two layers of Whatman filter paper. Two
millilitres of filtrate was reacted with 2ml acid ninhydrin and
2ml of glacial acetic acid in a test tube for 1 hour at 100°C, and
the reaction was terminated in an ice bath. Readings were
taken immediately at a wavelength of 546 nm. )e proline
concentration was determined from a standard curve and
calculated on a fresh weight basis (µmol proline (g FW)−1).

2.8. Estimation of Peroxidase

2.8.1. Preparation of Enzyme Extracts. As previously men-
tioned, the enzyme extracts used were prepared at the same
time as the protein extract and following the same method.
)erefore, after being immediately frozen in liquid nitrogen
and stored at −25°C, the samples were ground, centrifuged,
and then used for the assays of enzymatic activities and total
protein determination.
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2.8.2. Peroxidase. Tetraguaiacol absorbs at 436 or 470 nm,
unlike guaiacol (E436� 25.5 L.mM−1.cm−1 or
E470� 26.6 L.mM−1.cm−1). )e reaction was carried out in
50mM potassium phosphate buffer pH 7.0 containing
0.25mM of 5mM H2O2 of guaiacol. )e peroxidase activity
was measured in a reaction medium containing 1ml of the
phosphate buffer 50mM (pH 7), 5mM guaiacol, and 50 µl of
5mM H2O2 according to the method of Lin and Kao [41].
)e kinetic evolution of the absorbance at 470 nm was
measured for 1min. )e speed of the reaction was recorded
after adding a volume v (μl) of the sample at 470 nm, and the
initial speed Vi was measured in DO/min.

2.9. Estimation of Catalase. )e hydrogen peroxide absorbs
at 240 nm (E240� 39.4 L.mM−1.cm−1), and therefore, its
transformation in the presence of catalase will be followed by
a reduction of the absorbance over time at this wavelength.

Catalase (CAT) activity was assayed spectrophotomet-
rically by monitoring the decrease in absorbance of H2O2 at
240 nm. CAT was measured according to the method of
Brennan and Frenkel [42]. )e reaction mixture consisted of
0.5ml of protein extract (0.1mg total protein/ml) in 1ml of
50mM potassium phosphate buffer (pH 7.0) containing
20mM H2O2. )e reaction speed is recorded after adding a
sample volume at 240 nm, and the initial speed Vi is mea-
sured in DO/min.

2.10. Estimation of SOD. Superoxide dismutase (SOD) in-
cludes a transitionmetal (Fe, Mn, or Cu) at their active site. In
the dismutation reaction, the metal ion picks up an electron
from the superoxide anion and transfers it to the imidazole
nucleus from one of the histidines at the active site.

)e SOD activity was determined according to the
method of Beyer and Fridovich [43], which was measured
using spectrophotometry at 560 nm and by monitoring the
inhibition of the photochemical reduction of the nitro blue
tetrazolium (NBT) by the superoxide anion produced fol-
lowing the photoreaction of oxygen and riboflavin in the
presence of an electron donor such as methionine. One unit
of SOD activity was defined as the amount of enzyme re-
quired for 50% inhibition of the reduction rate of NBT. )e
reaction mixture consisted of 2.2ml of phosphate buffer
(0.1M, pH 7.8), 0.25ml of methionine (13mM), 0.25ml of
riboflavin (1.2 μM), 0.25ml of NBT (63 μM), and 50 μl of the
extract. )e reaction was carried out at 25°C under a light
intensity of 500watts for 15min. )e reaction was then
stopped by placing the patch in the dark and at 4°C for about
10min, and then the absorbance was read with a spectro-
photometer. A control was made and placed directly in the
dark. )e maximum photochemical reduction of NBT,
Amax, is determined from the tubes exposed to light and
containing the reaction mixture without enzymatic extract.
)e percentage inhibition of the photochemical reaction of
NBT by SODs was calculated as follows:

SOD � (% inh/50)/(Cprot × Ve) ,

with%inh � [(Ae/Ac) × 100],
(5)

where Cprot is the protein concentration obtained by the
Bradfordmethod (mg/ml), Ve is the volume of the extract, %
inh is the percentage inhibition of the formazan formation
reaction, Ae is the absorbance of the extract (Abs light –Abs
dark), and Ac is the absorbance of control.

2.11. Estimation of Glutathione S-Transferase. Glutathione
S-transferase activity is determined based on a continuous
spectrophotometric rate determination as previously re-
ported by Habig et al. [44].

Enzyme activity with aromatic substrates was usually
determined by monitoring changes in absorbance with a
spectrophotometer. A complete assay mixture without en-
zyme was used as a control. Assays were conducted by
mixing CDNB 1mM and GSH 5mM prepared solutions
with the enzymatic extract. )e absorbance reading was
conducted every 1min for 5min at a wavelength of 340 nm.

2.12. Experimental Design and Statistical Analysis. )e ex-
perimental design was conducted in a greenhouse experi-
ment design as a complete-block design with four field
capacity levels consisting of four treatments (C: control
plants; M: plants inoculated with mycorrhizal fungi; M+B:
plants inoculated withmycorrhizal fungi and PGPR bacteria;
and B: plants inoculated with PGPR bacteria only) with 10
plants in each treatment. All measurements were done in
triplicate. Data analysis was carried out by a two-way
analysis of variance (ANOVA) followed by Tukey’s post hoc
tests to evaluate significant differences among the samples at
a 95% confidence interval using the SPSS computer pro-
gram, version 20. 0. )e level of significance was p< 0.05.

3. Results

3.1. ?e Plant Water Status. Severe water stress conditions
(25% and 50% FC) negatively influenced the RWC
(Figure 1(a)) and EC in the plants (Figure 1(b)). RWC
significantly (p< 0.05) decreased under 25% FC compared
with the 100% FC (by 55% for the control treatment). )e
same decrease (by 32% for the control treatment) was ob-
tained regarding membrane permeability of the plants. AMF
and PGPR inoculation resulted in an increase of the RWC
and EC parameters of date palm plants compared with the
noninoculated plants (Figure 1) under normal conditions
(100% and 75% FC). Under severe water stress conditions
(25% and 50% FC), RWC and EC increased in all inoculated
AMF and PGPR treatments in comparison with non-
inoculated plants. Mycorrhizae plants have reached the
highest RWC value in severe water stress (25% FC) com-
pared with all the other treatments.

3.2. Mycorrhizal Inoculation. )e arbuscular mycorrhizal
fungi successfully colonized all the mycorrhizal plants and
developed typical intraradical structures such as arbuscules,
vesicles, and hyphae. )e frequency of colonization (Fa%)
reached a value of 96.67%± 5.774 for the mycorrhizae (M)
and a value of 86.67± 5.774 for the mycorrhizae + bacteria
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(M+B) treatment in a normal water regime (100% FC)
(Figure 2). )e results were more satisfying in the severe
water stress regime of 25% FC. Fa% reached a value of
76.67%± 5.774 and 90.00%± 10.00 for M and M+B treat-
ments, respectively (Figure 2). As for the intensity (Ia%) of
both M and M+B treatments, it increased significantly
(p< 0.005) when the soil water deficiency increased, with a
value of 81.67%± 1.528 and 95.00%± 0.000 in 25% FC for
both treatments, respectively (Figure 3). )e mycor-
rhizae + bacteria showed very high values for both Fa% and
Ia% of colonization compared with M treatment regardless
of the water stress regime.

3.3. Proline. )e proline content significantly increased
under severe water stress conditions (25% and 50% FC)
compared with well-watered conditions (100% and 75% FC)
regardless of the treatments applied (Figure 4). However, the
results also indicated that single inoculation either with the
AMF species or with PGPR significantly increased the
proline content of date palm seedlings compared with the
control plants in severe water stress conditions. )e maxi-
mum proline content was obtained in plants inoculated with
the AMF species and PGPR (combined) under severe water
stress conditions (25% and 50% FC) reaching a value of
2.588± 0.034 in 25% FC compared with 0.978± 0.024 for the
control. In normal irrigation conditions (100% and 75% FC),
there is no significant effect on the proline accumulation
with the application of the mycorrhizal and bacterial
treatment compared with the control.

3.3.1. Antioxidant Enzyme Activities. )e SOD activity in
plants leaves significantly (p< 0.01) increased under severe
water stress conditions (25% and 50% FC) compared with
well-watered conditions (100% and 75% FC) (by 208%)
(Figure 5(a)). Furthermore, bacteria inoculated plants
demonstrated a higher SOD activity with a maximum value
of 203,985± 14,042 in severe water stress conditions (25%)
compared with the control. However, the results showed a

decrease in the SOD activity with the application of my-
corrhizae alone or combined with PGPR in severe water
stress conditions compared with the control plants.

An elevated leaf CATactivity was observed in date palm
plants under severe water stress conditions (25% and 50%
FC) compared with well-watered conditions (100% and 75%
FC) (by 208%) (Figure 5(b)). )e mycorrhizae and
mycorrhizae + bacteria treatments showed a decrease in leaf
CAT activity during water stress conditions, and the my-
corrhizae plants had lower leaf CAT activity than that of all
the other treatments applied during the same conditions.
)e same pattern was observed for the leaf POX activity
(Figure 5(c)), while it increased with the application of
severe water stress conditions in all of the treatments, it
decreased with the application of mycorrhizae,
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Figure 1: Effect of different water regimes on the water parameters ((a) RWC and (b) EC) of control, mycorrhizae, mycorrhizae + bacteria,
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mycorrhizae + bacteria, and bacteria treatment compared
with the control and despite the application of the severe
water stress conditions.)e results showed an increase in the
GST activity with the application of severe water stress re-
gime in all of the treatments (Figure 5(d)). In the normal
irrigation conditions, the GST activity increased with the
application of mycorrhizae, mycorrhizae + bacteria, and
bacteria treatments, while in stressful conditions, the GST

activity decreased with the application of mycorrhizae,
mycorrhizae + bacteria, and bacteria compared with the
control.

4. Discussion

In general, date palm plants are expected to be drought-
tolerant, with a high yield potential under drought stress
since they grow in arid and semiarid regions; however,
actually, drought is a major limiting factor in date culti-
vation, making irrigation necessary, especially at an early
stage of the plantation. Although these crops are known for
their resistance to drought, their development is strongly
impacted by variations in water availability and soil water
content [29]. )ere are many agrophysiological parameters
to evaluate drought stress in a plant (leaf area index, stomatal
conductance, water potential, etc.) [45]. In this study, the
leaf’s relative water content (RWC) and the membrane
permeability (EC) were used to evaluate the water status of
the plants. )e leaf’s RWC is a significant predictor of water
status in the plants since the balance between water supply to
the leaf and transpiration rate can be more accurately
expressed by the RWC’s direct relation to cell volume [46].
)e membrane permeability has long been considered a
measure of the action of various stresses; it has often been
used for screening against drought stress tolerance in dif-
ferent crops such as wheat [47], maize [48], and rice [49].

)e parameters related to the plant’s water status are
represented in Figure 1. Leaf’s RWC and membrane per-
meability (EC) were significantly (p< 0.05) higher in the
plants treated with mycorrhizae and mycorrhizae + bacteria
regardless of the water regime applied compared with their
respective controls. In the same context, the application of
severe water stress decreased the value of both leaf’s RWC and
EC regardless of the treatment of the plants, with the re-
duction being stronger in control plants than in the treated
ones. Similar results were found by Faghire et al. [50] who
reported that, with decreasing irrigation, RWC significantly
decreased in nonmycorrhizal than in mycorrhizal seedlings.
In fact, RWC was 4% higher in mycorrhizal seedlings than in
nonmycorrhizal seedlings. Bacteria treatment only slightly
improved the RWC in normal conditions (100% and 75% FC)
compared with the control; however, under stressful condi-
tions, the bacterial inoculation did not enhance the RWC of
the plants compared with the control.)is could be due to the
fact that bacteria did not interact directly with the plants but
with another indirect mechanism, such as increasing root cell
permeability by the bacteria for AMF colonization, thereby
positively influencing the physiology of plants.

)e positive effect of the mycorrhizal inoculation on the
plant’s water status that was shown in our results (Figure 1)
could be explained by the creation of a mycorrhizal hyphal
network that provides access to more nutrients and water to
pass to the plants, thereby increasing their water absorption
[51]. Furthermore, Jones [51] also mentioned that the ab-
sorptive region of mycorrhizal hyphae is about 100 times
more efficient than root hair, which might justify the ac-
cessibility of more water for the plants and the high RWC
value of the leaf.
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Several researchers have noticed that AMF can improve
plant resistance to water deficiency [52–54], primarily due to
the capacity of mycorrhizal roots to increase water con-
ductivity [55]. )ere are opposed findings about the dual
impact of AMF and PGPR inoculation on the plants [56–58].
However, some reports support the beneficial results ob-
tained in the current study. For instance, Aalipour et al. [59]
suggested that PGPR and AMF were successful in enhancing
the activities of both communities in the rhizosphere. )ese
synergistic relationships between PGPR and AMF can in-
crease the plant water absorption and nutrient assimilation
under water stress conditions and reduce the negative stress
impacts on plant growth and development, which is dem-
onstrated in this study using the mycorrhizal inoculation
parameters (Figures 2 and 3). )e complex of mycorrhizal

fungi showed a good capacity to infect the roots of date palm
plants in nonstressful conditions; infection parameters such
as the frequency and intensity of these mycorrhizal fungi
were hardly affected by the application of severe water stress
(25% FC).

Under stress conditions, especially drought and soil
salinity, plant’s proline is considered a fundamental os-
moregulation solute. In fact, the accumulation of this amino
acid may be a form of an adaptation to harsh environmental
conditions, as reported by several researchers [14, 60–62]. In
this study, leaf proline concentration was affected by both
the severe water stress conditions and the treatment applied
to the plants (mycorrhizae, mycorrhizae + bacteria, and
bacteria) (Figure 4). When faced with oxidative stress, the
best biochemical response of plant cells is the accumulation
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of osmolytes, like proline, in order to enhance osmosis and
prevent dehydration. )is explained the sudden increase of
this molecule in our results (Figure 4). Comparable with our
findings, an increase of proline accumulation in response to
abiotic stress was reported in different studies [59, 63–66].
From these results, it can be concluded that the accumu-
lation of proline under severe water stress conditions
(Figure 4) was likely a general response of date palm to water
stress conditions as an osmotic regulator. )e proline
content was higher in the dual inoculated plants than in
separate inoculated plants. )e mycorrhizal and bacterial
inoculation may be the reason behind the proline accu-
mulation in the leaves of the host plant. As a way of en-
hancing the defence mechanism of the plants, this
inoculation increases the proline metabolism, thus a better
osmotic adjustment [67]. Ortiz et al. [68] conducted a study
on Trifoliumrepens plants inoculated with both PGPR
bacteria and mycorrhizae under drought stress conditions.
)ey showed that the greatest proline accumulation in
shoots was found in plants dually inoculated with PGPR
bacteria and mycorrhizae. Proline accumulation is a
mechanism of resistance to abiotic stress by adjusting in-
tracellular osmotic pressure. )ese results are in agreement
with the works of Cherif [69] who reported that inoculation
with Bacillus sp. and Pantoea agglomerans strain helped
improve salt stress tolerance of wheat.)is result does confer
with ours under water stress conditions. Overall, the en-
hanced proline accumulation found in most dually inocu-
lated plants resulted in a decrease in the osmotic cell
potential, thereby increasing water absorption to preserve
osmotic balance. It is a sign of the elevated osmoprotective
potential and the ability to sustain the plant water status in
inoculated plants under severe water stress conditions. It has
been previously reported that proline can act as a chemical
protein chaperone and prevent protein aggregation under
water stress [70]. )e enhancement of proline in plants
treated with both AMF and PGPR helped to protect against
oxidative stress compared with single inoculation since it is
involved in the stabilization of redox enzymes. Also, this
synergic relationship may be due to the bacterial effect on
AM fungal germination, which leads to better mineral
nutrition, facilitating the plant’s growth promotion through
the AM association. Anjum et al. [71] reported that the
exogenous application of proline to cell cultures was posi-
tively correlated with the increased activity of different
antioxidant enzymes (SOD, CAT, and POD enzymes) under
water stress conditions. Some new insights into the regu-
lation of plant immunity by amino acid metabolic pathways
have been reported by Zeier. Hence, co-colonization by
PGPR and AMF may lead to synergistic levels of immune
priming in AMF-responsive plants. Moreover, when plants
are under water stress conditions, inoculation with AMF and
PGPR helps trigger proline gene expression and enzyme
accumulation preventing cell death.

)is study mainly focused on the oxidative responses of
date palm seedlings inoculated with mycorrhizae and PGPR
bacteria during water stress conditions. )e results of the
present study clearly showed the beneficial effects of AMF
and PGPR bacteria inoculation in protecting plant cells.

However, plants tried to cope with the challenge through
several mechanisms, such as the production or activation of
antioxidant enzymes. )e enzymes SOD, CAT, POX, and
GST are among the main natural “detoxifiers” produced by
the plants. )ey counteract the generation of the reactive
oxygen species (ROS) and scavenge them in order to avoid
the destruction of the cell membranes and oxidative damage
inside the cells. )ese enzymes have been documented in
many research works as a defence mechanism against biotic
and abiotic stresses [1, 72–75]. During normal conditions,
the amount of ROS in the plant cells is kept under control by
the antioxidant enzyme scavenging activity. However, this
balance is disturbed in stressful conditions, causing the
intracellular ROS levels to increase [76]. )is leads to the
application of new methods to help the plants cope with
these imbalances. Numerous research works have high-
lighted the effect of mycorrhizae and PGPR bacteria on
improving plant resistance, productivity, and metabolism
under normal and stressful environments [77–83]. )ere-
fore, to evaluate the effect of mycorrhizal and bacterial
inoculation accurately during the application of different
irrigation conditions (100%, 75%, 50%, and 25% FC), the
enzymatic activity of SOD, CAT, POX, and GST was
measured and is represented in Figures 5(a)–5(d). Contrary
to Alguacil et al. [84] who found that, during water stress
conditions, the Juniperusoxycedrus L. plants inoculated with
AMF mixture expressed a higher SOD activity than non-
inoculated plants, Chang et al. [85] have reported that
mycorrhizal Elaeagnus angustifolia L. seedlings had a higher
leaf SOD activity than that of the nonmycorrhizal seedlings
during salt stress conditions. )e higher SOD activity
expressed in the control and bacteria plants leads to the
hypothesis that the noninoculated plants and plants with
only bacterial inoculation were more sensitive to water stress
than mycorrhizae or mycorrhizae + bacteria treatments.
)erefore, they enhanced SOD activity earlier than the other
treatments.

Drought stress caused a significant increase in the leaf
CAT activity of the control and bacteria treatments
(Figure 5(b)). From these findings, it can be concluded that
the mycorrhizae and mycorrhizae + bacteria treatments
decreased the leaf CAT activity in the date palm seedlings
during severe water stress conditions. )e same pattern was
observed for the leaf POX activity (Figure 5(c)). Glutathione
is the main category of antioxidants enzymes with a wide
variety [86]. GST in plants plays an important role in the
regulation of hormonal balance, herbicide detoxification,
and plant senescence control in response to various abiotic
stresses.

Considering the fact that H2O2 accumulation inside the
plant cells triggers CATand POX activity and that H2O2 is a
product of SOD activity, a correlation between the activities
of these enzymes can exist [87, 88]. Low CAT and POX
activity along with reduced SOD activity in both mycor-
rhizae andmycorrhizae + bacteria treatments than in control
plants under severe water stress conditions can confirm that
both mycorrhizal symbiosis and its combination with PGPR
bacteria can alleviate plant oxidative stress. )is agrees with
previous results, in which Kohler et al. [89] found that
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Glomus intraradices, alone or in combination with Pseu-
domonas mendocina, caused a significant decrease in SOD
activity in plants grown under drought conditions. )is
reduction in antioxidant enzymes can be interpreted in part
by the fact that these plants could have been less sensitive to
oxidative stress under water stress conditions. Otherwise,
this is the first research to show the influence of both
mycorrhizae and PGPR on POX, SOD, CAT, and GST ac-
tivities of date palm plants grown under extreme drought
conditions for “Najda” cultivar.

5. Conclusion

)is study demonstrated the role played by the mycorrhizal
and PGPR bacterial inoculations in reducing the damages of
the oxidative stress in date palm plants at an enzymatic level.
)e results above supported that abiotic stress can negatively
affect plant growth and development. However, this effect of
stress on plant growth may be mitigated and/or reduced by
the rhizosphere living microorganisms including bacteria
and mycorrhizal fungi, applied individually or in combi-
nation. )e enhanced resistance of the mycorrhizal fungi/
bacteria symbiosis in the date palm seedlings (Najda cul-
tivar) during water stress conditions, in comparison with
control plants, was affiliated with several biochemical
characteristics such as better water absorption in normal and
drought conditions, and improved the enzymatic response
of the plants which improves the total health of the date palm
plants. )is can serve as a biological strategy for better crop
production of plants exposed to severe water stress condi-
tions, especially in arid and semiarid regions. )erefore,
introducing the mycorrhizal and bacterial inoculations to
these plantations can enhance the yield and production with
less water consumption. However, since the experience was
conducted under greenhouse conditions, it remains limited
to a specific environment and leads towards a field exper-
iment to better understand the effect of the biofertilization
on date palm and its effect on the growth and the devel-
opment of the plants.
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