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Abstract

Drought stress is a critical abiotic stress that has a negative effect on plant productivity. Plant growth-promoting
rhizobacteria (PGPR) such as Azotobacter and Azospirillium positively affect plant physiology, especially under drought
stress. The recent study aimed to examine the effects of Mycorrhiza fungi and PGPR on the activity of antioxidant
enzymes and the amount of nutrient absorption under water deficit conditions. A factorial experiment was performed
based on a randomized complete block design with three replications. Factors were irrigation (regular irrigation, water
deficit at the grain filling stage, water deficit at the flowering stage, no irrigation) and Mycorrhiza fungi and PGPR
(Azotobacte rcoroccum, Azospirillum lipoferum, Mycorrhiza arbuscularas, Azotobacter coroccum + Azospirillum
lipoferum, Azotobacte rcoroccum + Mycorrhiza arbuscular, Azospirillum lipoferum + Maycorrhiza arbuscular,
Azotobacte rcoroccum + Azospirillum lipoferum + Mycorrhiza arbuscular, no inoculation). Drought stress decreased
chlorophyll content and absorption of elements and increased proline, catalase, and peroxidase activity. Also,
biofertilizers reduced the amount of proline, catalase, and peroxidase. They increased the amount of chlorophyll content
and absorption of elements.
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Introduction 2015). The frequency of drought periods can

As critical abiotic stress, water deficit stress causes
severe changes in plant metabolism. Moreover, by
increasing the atmospheric CO2 concentration due
to climate change, the rate of photosynthesis and
water consumption efficiency is increased.
Although this phenomenon improves crop
performance, it negatively affects plant
productivity (Shirinbayan et al. 2019). The
occurrence of high temperatures during the
reproductive growth stage (besides drought) is
harmful to many important vegetable crops, such

as tomatoes, peppers, beans, and sweet corn (Ray

decrease vegetable yield and quality, however, dry
matter content in some crops increases by deficit
water stress (Nemeskeri et al. 2019). The plant's
response to existing stress depends on its severity,
duration, and development stage.

Green pea (Pisums sativum L.) efficiently
utilizes the spring precipitation. However, its
flowering and seed development coincides with the
dry June and July environment, which requires
irrigation. Irrigation programming and the water
requirement depend on the plant varieties' water

use and drought tolerance (Zaman 2012).
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The moisture content and biomass are mainly
affected by drought stress in plants (Kamara et al.
2009). Drought stress has a negative influence on
nutrient uptake and translocation as the soil
nutrients mobility depends on water flow.
Therefore, soil water limitations reduce the
absorption of nutrients (Atouei et al. 2019).
Moreover, drought stress causes the production of
oxygen free radicals, which can damage the plant
defense system and increase reactive oxygen
species (ROS) (Farooq et al. 2014).

Inoculation of seeds by plant growth-
promoting rhizobacteria (PGPR) might be a
sustainable method to alleviate the effect of
drought stress in crop production. PGPR readily
colonizes the root rhizosphere and establishes
facultative and obligate associations with host
plants. More frequently, these interactions enhance
crop productivity and ameliorate the biotic/abiotic
stresses through known and unknown mechanisms
(VMurukonda et al. 2016; Barnawal et al. 2017;
Forniet al. 2017).

Some bacteria such as Azotobacter, Bacillus,
Klebsiella, Pseudomonas, Azospirillum, and
Serratia are effective microorganisms (Parrayet al.
2016), and these PGPRs have helpful effects on
plant growth and development via direct or indirect
mechanisms (Ngumbi and Kloepper 2016; Enebe
and Babalola 2018). Direct interference of PGPRs
with plants can be in nutrient uptake,
phytohormones and siderophoresynthesis, and
enhancement of antioxidant systems (Kang et al.
2014; You and Chan 2015; Parrayet al. 2016).
Oxidative damage occurs when the production of
ROS disrupts and destroys lipid membranes and
chlorophyll (Meher et al. 2018). Kang et al (2014)

demonstrated that inoculation of soybean seeds
with Pseudomonas putida reduced the antioxidant
activity compared to the control under water stress.

Since water availability for crop production
has become a significant problem in agricultural
ecosystems, especially in arid and semi-arid areas,
this experiment aimed to determine the efficacy of
biofertilizers in inducing tolerance in the green pea
plants through studying the antioxidant systems

and mineral uptake under water deficit stress.

Materials and Methods

This research was conducted in Goomand, East
Azarbaijan Province, Iran (semi-arid climate, 38°
6’ N, 46° 27" E) during the 2018-2019 growing
season. The average annual temperature and
average annual rainfall for this region are 19.5 °C
and 342 mm, respectively and the soil texture is
clay-loam. The experiment was conducted as
factorial arranged in a randomized complete block
design with three replications. Factors were
irrigation regimes at four levels, including full
irrigation (l1, without stress as the control), water
deficit at the grain filling stage (I.), water shortage
at the flowering stage (Is) and without irrigation
(l), and biofertilizers consisted of bacteria and
Myecorrhiza inoculation: Azotobacter coroccum
(F1), Azospirillum lipoferum (F2), Mycorrhiza
arbuscular  (Fs), Azotobacter coroccum +
Azospirillum  lipoferum  (Fs),  Azotobacter
coroccum + Mycorrhiza arbuscular  (Fs),
Azospirillum lipoferum + Maycorrhiza arbuscular
(Fe), Azotobacter coroccum + Azospirillum
lipoferum + Mycorrhiza arbuscular (F7) and a non-
inoculated control (Fs).

Inoculated green pea (Pisum sativum L.) seeds
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(Emraz cultivar) were sown in 3x2 m? plots on
April 4 in both years, in which rows and plant
spacing was 25 and 5 cm, respectively. Seed
inoculation with Azotobacter coroccum and
Azospirillum lipoferum was performed using 100
mL of inoculant (2 * 108 CFU mL™) per 50 kg of
seeds, which were homogenized and kept in the
shade for 30 min. Mycorrhiza arbuscular was
mixed with field soil. Pisums sativum seeds were
obtained from the International Center for
Agricultural Research in the Dry Areas
(ICARDA).

Proline content was measured according to
Bates et al (1973). A 0.04 g of fresh leaves were
homogenized in 100 ml of 3% sulfosalicylic. Then,
2 ml of the prepared solution was added to 2 ml of
ninhydrin, 2 ml of pure acetic acid, and 64 ml of
toluene. After forming two layers, the proline
content was estimated by a Hitachi
spectrophotometer (Japan) at 520 nm. The data was
recorded as pmol per g fresh weight (umol g* FW).
Catalase activity was assessed in the leaves with a
method described by Sinha (1972). A 1.5 mL of the
reaction mixture including 1 mL phosphate buffer
(0.01 M, pH 7.0), 0.4 mL distilled water, and 0.1
mL of centrifugation supernatant was prepared. By
adding 0.5 mL H,O; (320 mM) the reaction started,
and then, incubated at 25 °C at different time
intervals. The reaction was stopped by adding 2 mL
of dichromate: acetic acid reagent (1:3 ratio). The
tubes were instantly placed and kept in a boiling
water bath for 20 minutes and then, centrifuged for
15 minutes (1500 g). Absorbance was read at 570
nm with a spectrophotometer. The enzyme activity
was reported as nmol H,O. consumed min? mg

protein. Peroxidase activity was measured

according to Chance and Maehly (1955). The
reaction mixture included 3,3'-diaminobenzidine-
tetra hydrochlorides dehydrate solution containing
0.1% (w/v) gelatin, 150 mM Na-phosphate-citrate
buffer (pH 4.4), and 0.6% H,0,. Absorbance was
read for 5 min at 465 nm by a spectrophotometer
(PowerWave XS, BioTek, USA). The chlorophyll
index was measured from the youngest fully
developed leaf with a chlorophyll meter (CCM-200
plus).

Total N in the shoots was measured by
Kjeldahl digestion of ground and dried samples
(Anonymous 1980). The phosphorus content was
measured by vanadomolybdate phosphoric acid
method (Jackson 1973), and the potassium
concentration was assessed by a flame photometer.

Analysis of variance was performed after
verifying the assumptions of normality and
homoscedasticity. Data were analyzed with SAS
9.1 software. The means were compared using

Duncan’s multiple range test at p <0.05.

Results and Discussion

Proline content

The interaction of drought stress and biofertilizers
was significant for the proline content (Table 1).
The highest amount of proline (2.97 pmol g FW)
was obtained in the control (without the
biofertilizer and irrigation). The lowest amount of
proline (0.69 pumol g FW) was obtained in the
combined treatment of three biofertilizers and
normal irrigation (Table 2). Reduction in proline
destruction, promoting its synthesis from
glutamate, or increasing protease activity may be
the reasons for the accumulation of proline under
stress (Sharma and Kuhad 2006). The regulation of
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proline metabolism by ABA (Schutz and Fangmeir
2001)
photosynthesis that stimulate proline synthesis also

and  high-energy ~ compounds in
may contribute to proline accumulation. Proline
accumulates in the cell under stress conditions
because it protects cytosolic enzymes and cell
structure (Fang and Xiong 2015). PGPRs increase
phosphorus absorption and other elements
necessary for plant growth and development and
protect plants from stress (Gilik et al. 2001). Plants
inoculated with biofertilizers have better water
relations and balanced nutrient status than non-

inoculated ones (Lozano-Ruiz 2003).

Catalase activity
The highest activity of catalase (0.70 nmol min*

mg? protein) was observed in the combination of
three microorganisms at non-irrigated conditions,
and the lowest activity (0.14 nmol min® mg?
protein) was obtained in the combined treatment of
all three fertilizers at normal irrigation conditions
(Table 3).

CAT removes the hydrogen peroxide (H20-)
in the plant peroxisomes (Agarwal and Pandey
2004). El Negar et al. (2017) reported that under
control conditions (no stress) and irrigation level of
H20,

concentration was not considerably increased in

75% field capacity (moderate stress),

the quinoa cultivars. However, at severe drought
conditions, the concentration of H,O increased,
and quinoa enhanced the catalase synthesis to

scavenge it.

Table 1. Analysis of variance for the studied traits of green peas under different levels of water deficit and biofertilizers

Mean squares

Treatments df  Proline CAT POX Chlorophyll N P K
Replication 2 0.009™ 0.0001™ 0.001™ 0.189™ 0.003™  0.0015" 0.001™
Irrigation (1) 3 10.95™ 1.01™ 2.79™ 587.67™ 5.74™ 0.031™ 1.97™
Biofertilizer (F) 7 0.98™ 0.004™ 0.01™ 82.67™ 3.52™ 0.035™ 0.53™
I xF 21 0.10™ 0.004™ 0.03™ 5.97™ 0.03"™  0.0002™ 0.02™
Error 62 0.001 0.0001 0.0001 0.37 0.002 0.0001 0.0001
CV (%) - 1.98 1.82 1.82 3.79 1.27 1.50 1.17

ns, **: Not significant and significant at p < 0.01, respectively; CAT: Catalase, POX, Peroxidase.

Table 2. Proline content for the combination of biofertilizers with water-deficit stress

conditions in green peas.

Biological fertilizers Iy

P

I3 l4

Fi 1.09m 1.31k 2.44d 2.70b
F2 1.03mn 1.30k 2.42d 2.67b
Fs 0.82p 1.28k 2.27f 2.58¢
F4 0.940 1.25k 1.81g 2.06f
Fs 0.79p 0.960 1.62i 2.04f
Fe 0.960 1.18] 1.85¢ 2.21e
Fr 0.69q 0.97no 1.30k 1.72h
Fe 1.1601 1.42j 2.56¢ 2.97a

Different letters in each column indicate a significant difference at p <0.01 (Duncan’s multiple range test); I, I2, I3, l4:regular irrigation,
water shortage at the grain filling stage, water shortage at the flowering stage and no irrigation, respectively; Fi1, F2, F3, Fs, Fs, Fe, F7,
Fs: Azotobacter coroccum, Azospirillum lipoferum, Mycorrhiza arbuscular, Azotobacter coroccum + Azospirillum lipoferum,
Azotobacter coroccum + Mycorrhiza arbuscular, Azospirillum lipoferum + Maycorrhiza arbuscular, Azotobacter coroccum +

Azospirillum lipoferum + Mycorrhiza arbuscular, control.
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Table 3. The catalase activity for the combination of biofertilizers with water-deficit stress

conditions in green peas.

Biological
o I1 P I3 l4

fertilizers

F1 0.170p 0.21n 0.45¢ 0.58d
F2 0.20n1 0.29i 0.469 0.61c
Fs 0.15pq 0.23mn 0.45h 0.58d
Fs 0.180 0.24kIm 0.52¢f 0.64b
Fs 0.150pq 0.26jk 0.53ef 0.65b
Fe 0.160pq 0.25klI 0.50f 0.64b
F7 0.14q 0.23Imn 0.53e 0.70a
Fs 0.22mn 0.28ij 0.43h 0.56d

Different letters in each column indicate a significant difference at p <0.01 (Duncan’s multiple range test); lu, l2, Is, l4:regular irrigation,
water shortage at the grain filling stage, water shortage at the flowering stage and no irrigation, respectively; F1, Fz, F3, Fa, Fs, Fs, F7,
Fs: Azotobacter coroccum, Azospirillum lipoferum, Mycorrhiza arbuscular, Azotobacter coroccum + Azospirillum lipoferum,
Azotobacter coroccum + Mycorrhiza arbuscular, Azospirillum lipoferum + Maycorrhiza arbuscular, Azotobacter coroccum +

Azospirillum lipoferum + Mycorrhiza arbuscular, control.

Peroxidase activity

Due to the interaction between the drought stress
and biofertilizer, the highest amount of peroxidase
(1.38 nmol min mg? protein) was achieved in a
combination of three biofertilizers at the non-
irrigated conditions, and the lowest amount (0.31
nmol min mg? protein) which was related to the
combination of three fertilizers and normal
irrigation (Table 4).

Peroxidase plays a role in some cellular
processes in higher plants under stress, such as
defense mechanisms, glycoprotein cross-linking
rich in hydroxyl proline monomers in the cell wall,
and cross-linking of pectic polysaccharides with
phenolic acids (Das and Roychoudhury 2014).
Hinojosa et al (2018) evaluated the effect of
drought stress on quinoa. They reported that
peroxidase has an essential role in protecting
against environmental stresses and detoxifying
H»O,. Although chemical fertilizers have a positive
effect on quantity and quality of quinoa under
drought stress, it has been reported that an adequate

supply of nutrients through inoculation with

biofertilizers can balance nutrients required by
plants and produce sufficient energy to escape
oxidative and osmotic stress (Basra et al. 2014).
Applying Mycorrhiza and PGPRs together
increases antioxidant production, reduces ROS,
and protects cells against oxidative stress (Fouad et
al. 2014).

Effect of biofertilizer and water deficit stress on
the chlorophyll index

The highest chlorophyll index (30.01) was
observed in the mixture of three biofertilizers at the
normal irrigation conditions, and the lowest
chlorophyll index (8.300) was related to the
treatment with no biofertilizer at non-irrigated
conditions (Table 5). No significant difference was
observed between Azospirillium and Mycorrhiza
treatments.

Drought stress significantly reduces the
chlorophyll content in soybean leaves (Sairam et
al. 2011). The formation of chloroplasts during leaf
growth depends on nitrogen supply which
increases leaf chlorophyll (Singh et al. 2016). The
increase in the chlorophyll content in the plant,
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Table 4. The peroxidase activity for the combination of biofertilizers with water-deficit

stress conditions in green peas.

Biological fertilizers 11 12 13 14

Fi 0.42q 0.53m 0.83jk 1.02f
F2 0.43q 0.52n 0.81k 1.06e
Fs 0.38r 0.43q 0.85j 0.98g
Fs 0.43q 0.500 0.91i 1.12d
Fs 0.35s 0.42q 0.93hi 1.21b
Fe 0.36s 0.43q 0.93hi 1.16¢
Fr 0.31t 0.37rs 1.13d 1.38a
Fs 0.45p 0.53mn 0.71l 0.93h

Different letters in each column indicate a significant difference at p <0.01 (Duncan’s multiple range test); lu, l2, I3, l4:regular irrigation,
water shortage at the grain filling stage, water shortage at the flowering stage and no irrigation, respectively; F1, F2, F3, F4, Fs, Fe, F7,
Fs: Azotobacter coroccum, Azospirillum lipoferum, Mycorrhiza arbuscular, Azotobacter coroccum + Azospirillum lipoferum,
Azotobacter coroccum + Mycorrhiza arbuscular, Azospirillum lipoferum + Maycorrhiza arbuscular, Azotobacter coroccum +

Azospirillum lipoferum + Mycorrhiza arbuscular, control.

Table 5. The chlorophyll index for the combination of biofertilizers with water-deficit

stress conditions in green peas.

Biological fertilizers Iy P I3 la

Fu 21.37d 17.89ef 14.271 12.44jk
F2 19.29% 17.82ef 13.22ijk 10.77im
Fs 22.63cd 17.28fg 12.09Kkl 10.30m
Fa 21.26d 18.41ef 13.29ijk 9.92m

Fs 24.40b 18.87e 13.45ijk 12.36jk
Fe 23.06bc 18.85e 13.81ij 12.35jk
Fz 30.01a 24.05b 16.16gh 13.64ij
Fe 15.80h 12.28jk 9.58mn 8.30n

Different letters in each column indicate a significant difference at p <0.01 (Duncan’s multiple range test); I1, I2, I3, la: regular irrigation,
water shortage at the grain filling stage, water shortage at the flowering stage and no irrigation, respectively; F1, F2, F3, F4, Fs, Fe, F7,
Fs: Azotobacter coroccum, Azospirillum lipoferum, Mycorrhiza arbuscular, Azotobacter coroccum + Azospirillum lipoferum,
Azotobacter coroccum + Mycorrhiza arbuscular, Azospirillum lipoferum + Maycorrhiza arbuscular, Azotobacter coroccum +

Azospirillum lipoferum + Mycorrhiza arbuscular, control.

subsequently enhances the sunlight absorbance and
produce more assimilates, finally increasing plant
yield (Salehi et al. 2016).

concentration is an indicator of source strength, so

Chlorophyll

photosynthesis and yield reduction under drought
stress can be due to the decrease in chlorophyll
concentration. Therefore, the protection of the
chlorophyll under stress conditions may help the
stability of the plant’s performance. Fungal hyphae

penetrate the internal tissues of the roots and form

a complementary adsorption system, increasing
root expansion in the soil. As a result, the roots gain

access to more room in the soil (Allen et al. 1982).

Effect of biofertilizer and water-deficit stress on
the nitrogen content

The combined treatment of three biofertilizers had
a higher amount of nitrogen (4.96%) compared to
the control treatment with no biofertilizer at non-
(2.09%). The highest

irrigated  conditions



Effect of nitrogen-fixing bacteria and mycorrhiza on biochemical... 65

percentage of nitrogen was obtained at normal
irrigation + a combination of three types of
biofertilizers (4.96%). The lowest percentage of
nitrogen (2.09%) was observed in the treatment
without biofertilizer at the non-irrigated conditions
(Table 6). Behl et al. (2006) reported that the
application of Aztobacter significantly increased
grain yield, number of tillers, dry matter yield,
nitrogen, phosphorus, and potassium uptake in the
wheat. PGPRs can activate some enzymes involved
in nitrogen metabolism, such as nitrate reductase,
and improves nitrogen level under water-deficit
stress conditions (Ansari and Ahmad 2019). The
higher the soil moisture content, the more nitrogen
is absorbed by the plant (Jones 1980).

Effect of biofertilizer and water-deficit stress on
the phosphorus content

The highest amount of phosphorus (0.37%) was
observed in the combined treatment of three
biofertilizers at normal irrigation conditions (Table

7). Drought stress reduced phosphorus uptake

compared to non-irrigated conditions in all
biofertilizer types.

Under a drought environment, the diffusion
rate of phosphorus from soil to roots is slower than
other nutrients owing to adhering of phosphate ions
to the clay particles and becoming less available to
the roots (Marschner 1995). The ability of soybean
roots to absorb phosphorus is weak due to the
reduced movement of phosphorus in soils with low
water potential (Marschner 1995).

The combined application of three types of
biofertilizers increased the amount of phosphorus
by 85% at normal irrigation conditions and by
133% when the plants were not irrigated compared
to the related controls. The use of a combination of
nitrogen-fixing and

bacteria combined with the help of 50% of the

phosphate-solubilizing

regular nitrogen, phosphorus, and potassium
fertilizers in the sour tea herb, led to an increase in
the percentage of nitrogen and phosphorus in the
leaves and the amount of anthocyanin, vitamin C,

and pH in the sepals (Abo-Baker and Mostafa

Table 6. The N content (%) for the combination of biofertilizers with water-

deficit stress conditions in green peas.

Biological fertilizers I1 P I3 la

Fu 4.62b 4.41d 3.83hi 3.31k
F2 4.25e 4.03g 3.61j 3.051
Fs 3.72i 3.29k 2.71m 2.45n
Fa 4.22¢f 4.13fg 3.81hi 3.33k
Fs 4.45cd 4.28¢ 3.89n 3.56j
Fe 4.28e 4.12fg 3.71i 3.39k
Fz 4.96a 4.55bc 4.19ef 3.81hi
Fe 3.31k 3.141 2.54n 2.090

Different letters in each column indicate a significant difference at p <0.01 (Duncan’s multiple range test); I1, I2, I3, la: regular irrigation,
water shortage at the grain filling stage, water shortage at the flowering stage and no irrigation, respectively; Fi1, F2, F3, Fs, Fs, Fe, F7,
Fs: Azotobacter coroccum, Azospirillum lipoferum, Mycorrhiza arbuscular, Azotobacter coroccum + Azospirillum lipoferum,
Azotobacter coroccum + Mycorrhiza arbuscular, Azospirillum lipoferum + Maycorrhiza arbuscular, Azotobacter coroccum +

Azospirillum lipoferum + Mycorrhiza arbuscular, control.
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Table 7. The P content for the combination of biofertilizers with water-deficit stress

conditions in green peas.

Biological fertilizers l1

P I3 l4

F1 0.27hij 0.25jKImn 0.23nop 0.20q
F2 0.26ijk 0.25jKImn 0.220pq 0.21pq
Fs 0.34cde 0.30fg 0.26ijkl 0.23mnop
Fs 0.28hi 0.26jkIm 0.24mno 0.21pq
Fs 0.36ab 0.33def 0.31fg 0.26ijk
Fe 0.35abc 0.31f 0.29gh 0.24klmno
F 0.37a 0.34bcd 0.32ef 0.28hi
Fs 0.20qr 0.18r 0.15s 0.12t

Different letters in each column indicate a significant difference at p <0.01 (Duncan’s multiple range test); 11, I2, I3, l2: regular irrigation,
water shortage at the grain filling stage, water shortage at the flowering stage and no irrigation, respectively; F1, Fz, F3, Fa, Fs, Fs, F7,
Fs: Azotobacter coroccum, Azospirillum lipoferum, Mycorrhiza arbuscular, Azotobacter coroccum + Azospirillum lipoferum,
Azotobacter coroccum + Mycorrhiza arbuscular, Azospirillum lipoferum + Maycorrhiza arbuscular, Azotobacter coroccum +

Azospirillum lipoferum + Mycorrhiza arbuscular, control.

2011).

Effect of biofertilizer and water-deficit stress on
potassium content

The highest amount of potassium (2.75%) was
obtained when three biofertilizers were combined
at the non-irrigated conditions, and the lowest
amount of potassium (1.35%) was observed in the
full irrigation conditions when no biofertilizer was

used (Table 8). The increase in the potassium

content following drought stress in our experiment
was not consistent with the results of some
researchers, which reported a decrease in the
potassium content under drought conditions. They
attributed this decrease to the reduction of soil
water, which leads to the decline in the flow of
elements from the soil to the plant (Wu and Xia
2006).

amount of potassium at all irrigation conditions

However, biofertilizers increased the

compared to the related controls.

Table 8. The K content for the combination of biofertilizers with water-deficit

stress conditions in green peas.

Biological fertilizers 11 12 13 14

Fi 1.49r 1.78Im 1.96i 2.15f
F2 1.46s 1.59q 1.76m 1.96i
Fs 1.58q 1.90j 2.00h 2.38d
Fa 1.62p 1.791 1.97i 2.09¢g
Fs 1.64p 1.88k 1.96i 2.56b
Fe 1.73n 1.96i 2.16f 2.53c
Fz 1.88jk 2.02h 2.19% 2.75a
Fe 1.35t 1.46s 1.670 1.76m

Different letters in each column indicate a significant difference at p <0.01 (Duncan’s multiple range test); I1, I2, I3, la: regular irrigation,
water shortage at the grain filling stage, water shortage at the flowering stage and no irrigation, respectively; Fi1, F2, Fs, F4, Fs, Fe, F7,
Fs: Azotobacter coroccum, Azospirillum lipoferum, Mycorrhiza arbuscular, Azotobacter coroccum + Azospirillum lipoferum,
Azotobacter coroccum + Mycorrhiza arbuscular, Azospirillum lipoferum + Maycorrhiza arbuscular, Azotobacter coroccum +

Azospirillum lipoferum + Mycorrhiza arbuscular, control.
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Conclusions drought stress on plants.
The present study showed that water deficit has a

negative effect on chlorophyll content and nutrient Conflict of interest

uptake (P and N), and biofertilizer has a positive The authors declare that they have no conflict of
impact on chlorophyll content and element uptake. interest with any organization concerning the
These results show that using PGPR is an effective subject of the manuscript.

technique for overcoming the negative effects of
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