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Abstract: Drought stress is a prevalent abiotic stress that adversely affects multiple physiological
processes in plants, especially their photosynthetic capacity. Application of plant growth–promoting
rhizobacteria (PGPR) has been considered as an eco-friendly strategy to ameliorate the deleterious
effects of drought stress on plants. The present study was carried out to investigate the effects of
Bacillus amyloliquefaciens QST713 on plant growth, leaf relative water content (RWC), photosynthesis
processes, photosynthetic pigment content and antioxidant enzyme activities in two alfalfa varieties,
Galalxie Max (drought-tolerant) and Saidi 7 (drought-sensitive) under drought conditions. The results
showed that drought stress significantly declined plant biomass production, RWC, photosynthetic
pigment content (Chl a, Chl b and carotenoids) and photosynthetic gas exchange parameters (tran-
spiration rate (Tr), stomatal conductance (Gs) and intercellular CO2 concentration (Ci)), whereas it
enhanced the enzymatic activity of peroxidase (POD), catalase (CAT) and ascorbate peroxidase (APX)
in both cultivars. In contrast, the inoculation of the bacillus strain QST713 was more effective on
plant growth, showing higher plant biomass production compared to the non-inoculated plants under
drought stress. Moreover, the application of QST713 significantly promoted the content of RWC, the
accumulation of chlorophyll content and the activities of antioxidant enzymes as well as enhanced the
photosynthetic capacity of alfalfa seedlings under drought stress. These results suggest that QST713
could be considered as a promising bio-inoculant for plants exposed to environmental stresses.

Keywords: alfalfa; drought stress; Bacillus amyloliquefaciens QST713; growth; photosynthesis; antioxidant

1. Introduction

Drought is one of the primary abiotic stresses, constraining plant growth and develop-
ment and resulting in the decline of agriculture productivity in arid and semiarid areas [1].
It has seen increased frequency and severity as a result of global warming [2]. Water stress
has adverse effects on plants by changing water relations, decreasing nutrient uptake and
reducing the rate of net photosynthetic and transpiration [3]. It also boosts the generation
of reactive oxygen species (ROS), including superoxide anion radicals (O2.−), hydrogen
peroxide (H2O2), hydroxyl radicals (OH), etc., which affects the ambient redox regulatory
state of plant cells and causes various physiological and biological changes in plants [4]. In
such conditions, plants develop the antioxidant enzymes (SOD, POD, CAT and APX) that
participate in cell defense against active oxygen injury in enzyme protection systems [5].
Furthermore, previous studies have indicated that the accumulation of ROS in chloroplasts
could cause inhibition of photosynthesis processes [6,7].

Application of plant growth–promoting rhizobacteria (PGPR), an eco-friendly strat-
egy employed to alleviate the deleterious effects of drought stress on plants, may con-
tribute to the sustainability and cost-effectiveness of agricultural practices [3,8]. PGPR
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can enhance plant growth under abiotic stress in two different ways: directly and in-
directly. The direct mechanisms are as follows: (i) producing phytohormones, such as
gibberellins (GAs), abscisic acid (ABA), cytokinins and indole-3-acetic acid (IAA); (ii) secret-
ing 1-aminocyclopropane-1-carboxylate (ACC) deaminase enzyme to reduce the precursor
of ethylene; (iii) inducing exopolysaccharide (EPS) production, which involves biofilm
formation and enhances the rhizosphere soil aggregation that leads to increased water and
nutrient availability for plants; (iv) fixing atmospheric nitrogen for plants; (v) increasing
the uptake of other nutrients such as phosphorous, zinc and potassium; and (vi) supplying
Fe to plants through the production of siderophores [3,9,10]. The indirect mechanisms
include: (i) promoting photosynthesis rates in plants with the production of phytohormone
cytokinin; (ii) improving signal transduction; and (iii) enhancing immune responses for
optimal growth [9,11]. Previously, Pseudomonas azotoformans FAP5 was shown to produce
EPS, IAA, bioflm, ACC deaminase and solubilized tricalcium phosphate, which play con-
siderable roles in resisting abiotic stress in plants [12]. Mariotti et al. [13] also found that
Azospirillum baldaniorum Sp245 could synthesis phytohormones to improve plant perfor-
mance and stress tolerance. In another study, Bacillus sp. WM13-24 and Pseudomonas sp.
M30-35 increased the drought tolerance of ryegrass through improving the activities of
antioxidant enzymes and regulating ABA signaling [14]. Bacillus spp., one of the most fre-
quently used PGPR, exhibits bio-control and bio-fertilizer traits, with a growing commercial
market worldwide. Bacillus amyloliquefaciens QST713 (formerly subtilis), as a broad-spectrum
bio-fungicide, has been applied in fruit and vegetable production [15,16]. In addition, it has
proven effective in increasing Fe and P uptake by plants [17,18] and improving growth and
development of the root system to allow greater absorption of water and nutrients [19,20].
In addition, it is capable of secreting IAA and EPS, producing of siderophores and forming
biofilms to protect plants from adverse environmental conditions [21,22].

Alfalfa (Medicago sativa L.) is an excellent perennial forage crop, with high biomass
yield and good feed quality [23]. However, drought stress largely inhibits the productivity
and quality of alfalfa [10,24]. Previous studies have reported that biomass and photosynthe-
sis of alfalfa significantly decrease, by 49%, due to water stress [10]. Therefore, enhancing
the drought tolerance of alfalfa is essential for maintaining and increasing its greater eco-
nomic value. The present study was executed to evaluate the effects of QST713 on plant
growth, photosynthesis and antioxidant defense, to improve the drought resistance of
cultivated alfalfa.

2. Materials and Methods
2.1. The Source of Bacteria

B. amyloliquefaciens QST713, isolated from the commercial formulation of Zhuorun®,
Bayer CropScience, originated from North America. It was grown on Luria-Bertani (LB)
medium for 12 h at 28 ◦C with 180 rpm, then inoculated in 100 mL of an LB medium at
2% inoculum and cultured for 24 h. Cells were collected by centrifugation (5000 rpm for
10 min, 4 ◦C) and resuspended in distilled water to generate 1.0 × 108 colony forming units
(CFU)/mL for inoculation, which was verified by standard plate counts on LB agar medium.

2.2. Plant Materials and Treatments

The experiment was carried out in an environment-controlled artificial intelligence
climate chamber under LED light (300 µmol·m−2·s−1 light intensity) with a photoperiod
of 14 h at 28/18 ◦C (day/night) and a relative humidity of 60% at Shanxi Agricultural
University, China. Two alfalfa cultivars, namely ‘Galalxie Max’ and ‘Saidi 7’, referred to
as ‘drought-tolerant’ and ‘drought-sensitive’, respectively, were used as test materials and
were obtained from the Pratacultural Science Group of Shanxi Agricultural University.
The seeds with uniform size were sown in plastic pots (7 × 7 × 7 cm) containing equal
amounts of sterilized coconut bran (substrate); each plastic pot contained eight seedlings.
The maximum water-holding capacity of the substrate was determined before the test.
Daily weighing was performed for quantitative watering, so that the substrate moisture
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content of each pot was consistent. After two weeks, 20 mL of Hoagland nutrient solution
was irrigated every 2 d to ensure the nutrients needed for the normal growth of seedlings.

When the seedlings reached 2 months old, they were divided into 4 treatments:
(1) CK, untreated plants (control): the substrate moisture was maintained at 75–80% of
the maximum substrate water holding capacity; (2) CK + QST713: plants were inoculated
with 5 mL of QST713 at 1, 11 and 21 days of the experiment; (3) MD: plants were chal-
lenged under drought stress with 55–60% of maximum substrate water holding capacity;
(4) MD + QST713: plants were inoculated with 5 mL of QST713 at 1, 11 and 21 days after
drought stress. The whole experiment was carried out for 30 days. To investigate the
dynamic changes of different varieties of alfalfa in response to QST713 under drought
stress, samples were measured over long-term (10, 20 and 30 d) treatment. The experiments
were randomized, with three replicates containing 96 plants per treatment.

2.3. Assessment of Dry and Fresh Weight

The fresh weight of stems and roots was directly weighed using an electronic scale.
Samples were dried in an oven at 105 ◦C for 15 min and achieved constant weight at 80 ◦C.

2.4. Determination of Leaf Relative Water Content (RWC)

A total of 10 expanded leaves from the same height of plant were selected and weighed
immediately (W1) and then immersed in distilled water for 6 h at 4 ◦C in the dark, following
being weighed to determine their turgor weight (W2). Then, samples were dried in oven at
80 ◦C for 24 h, and their dry weight (W3) was recorded. The formula for calculating RWC
was as follows:

RWC (%) = [(W1 − W3)/(W2 − W3)] × 100% (1)

2.5. Measurement of Gas-Exchange Parameters, Carotenoids and Chlorophyll Contents

The net photosynthetic rate (Pn), transpiration rate (Tr), stomatal conductance (Gs) and
intercellular CO2 concentration (Ci) were measured using a LI-6400 portable photosynthesis
system (Li-Cor Inc., Lincoln, NE, USA) on a fully expanded leaf.

Leaf chlorophyll and carotenoid contents were measured following the method of
Lichtenthaler and Wellburm [25]. In brief, 0.05 g of fresh leaf tissue was mixed with 15 mL
of 95% ethanol and transferred to a dark environment. After the green fading, spectropho-
tometric analysis was performed at 665 nm for chlorophyll a (Chl a), 649 nm for chlorophyll
b (Chl b) and 470 nm for carotenoids.

2.6. Superoxide Anion (O2.−) Generation Rate and Hydrogen Peroxide (H2O2)

The rate of superoxide anion (O2.−) generation was determined by the hydroxylamine
reaction method [26]. H2O2 contents were determined using a reagent kit (Solarbio® Life
Sciences Co., Ltd., Beijing, China).

2.7. Assays of Antioxidant Enzyme

Superoxide dismutase (SOD) was examined by the nitro blue tetrazolium (NBT) method
of Giannopolitis and Ries [27]. The inhibition of 50% NBT is defined as one SOD unit. Catalase
(CAT) activity was assayed following the method of Chance and Maehley [28]. Peroxidase
(POD) activity was evaluated following the method of Kochba et al. [29]. The method of
Nakano and Asada [30] was used to determine ascorbate peroxidase (APX) activity.

2.8. Statistical Analysis

All data were examined by SPSS 20.0 program (SPSS Inc., Chicago, IL, USA) using an
LSD test (p < 0.05), and graphs were constructed in Design Expert 8.0 software.



Agronomy 2022, 12, 2177 4 of 12

3. Results
3.1. The Effects of Strain QST713 on the Biomass of Alfalfa Seedlings under Drought Stress

The drought stress in the present study resulted in a significant reduction in above-
ground biomass (shoot fresh and dry weigh) and underground biomass (root fresh and
dry weigh) in both cultivars compared to CK (Table 1). However, the plants with QST713
inoculation showed higher biomass as compared to plants without QST713 under normal
and stressed plant conditions in both cultivars. In particular, under drought stress, the
plants with QST713 increased shoot fresh weight, shoot dry weight, root fresh weight
and root dry weight of ‘Galalxie Max’ by 12.07–61.94%, 8.09–53.33%, 18.18–57.97% and
14.87–100.00%, respectively, and ‘Saidi 7’ by 21.20–56.72%, 25.78–59.57%, 32.02–111.54%
and 28.57–118.18%, respectively, than those in plants without QST713 application.

Table 1. Effect of drought stress and QST713 application on the biomass of alfalfa seedlings in two cultivars.

Treated Days Varieties Treatments Shoot Fresh
Weight (g)

Shoot Dry
Weight (g)

Root Fresh
Weight (g)

Root Dry
Weight (g)

10

Galalxie Max

CK 3.24 ± 0.20 b 0.48 ± 0.04 b 1.10 ± 0.01 b 0.12 ± 0.01 b
CK + QST713 4.25 ± 0.34 a 0.61 ± 0.031 a 1.43 ± 0.07 a 0.17 ± 0.02 a

MD 1.34 ± 0.021 d 0.20 ± 0.02 d 0.69 ± 0.03 c 0.06 ± 0.00 c
MD + QST713 2.17 ± 0.02 c 0.29 ± 0.021 c 1.09 ± 0.19 b 0.12 ± 0.01 b

Saidi 7

CK 1.80 ± 0.06 b 0.22 ± 0.00 b 0.74 ± 0.07 b 0.05 ± 0.00 b
CK + QST713 2.27 ± 0.15 a 0.34 ± 0.03 a 1.22 ± 0.16 a 0.10 ± 0.01 a

MD 0.67 ± 0.02 d 0.10 ± 0.00 d 0.26 ± 0.01 d 0.03 ± 0.00 c
MD + QST713 1.05 ± 0.09 c 0.15 ± 0.01 c 0.55 ± 0.03 c 0.05 ± 0.00 b

20

Galalxie Max

CK 9.34 ± 0.2 b 1.40 ± 0.12 b 2.84 ± 0.05 b 0.43 ± 0.02 b
CK + QST713 11.57 ± 0.24 a 1.84 ± 0.15 a 3.86 ± 0.11 a 0.57 ± 0.03 a

MD 4.82 ± 0.80 d 0.75 ± 0.11 c 1.67 ± 0.04 d 0.17 ± 0.01 d
MD + QST713 7.00 ± 0.33 c 1.15 ± 0.06 b 2.20 ± 0.07 c 0.28 ± 0.02 c

Saidi 7

CK 9.22 ± 0.16 b 1.47 ± 0.07 b 2.36 ± 0.19 b 0.28 ± 0.01 b
CK + QST713 11.84 ± 0.68 a 2.69 ± 0.12 a 4.27 ± 0.26 a 0.95 ± 0.07 a

MD 3.38 ± 0.08 d 0.47 ± 0.00 d 1.13 ± 0.01 d 0.11 ± 0.00 c
MD + QST713 5.18 ± 0.04 c 0.75 ± 0.04 c 1.75 ± 0.00 c 0.24 ± 0.01 b

30

Galalxie Max

CK 12.97 ± 0.12 b 2.98 ± 0.06 a 3.66 ± 0.26 a 1.00 ± 0.04 b
CK + QST713 13.76 ± 0.05 a 3.19 ± 0.14 a 3.97 ± 0.33 a 1.24 ± 0.02 a

MD 7.62 ± 0.09 d 1.73 ± 0.01 b 1.76 ± 0.05 b 0.47 ± 0.03 c
MD + QST713 8.54 ± 0.11 c 1.87 ± 0.03 b 2.08 ± 0.06 b 0.54 ± 0.03 c

Saidi 7

CK 10.37 ± 0.41 b 2.26 ± 0.09 b 3.49 ± 0.14 b 0.85 ± 0.01 b
CK + QST713 12.51 ± 0.07 a 2.68 ± 0.12 a 4.27 ± 0.10 a 1.08 ± 0.06 a

MD 5.66 ± 0.10 d 1.28 ± 0.05 d 1.78 ± 0.01 d 0.42 ± 0.01 d
MD + QST713 6.86 ± 0.02 c 1.61 ± 0.05 c 2.35 ± 0.04 c 0.54 ± 0.00 c

Data are the mean ± SE (n = 3). Different letters indicate significant differences from each other (p < 0.05).

3.2. The Effects of Strain QST713 on the Leaf Relative Water Content of Alfalfa Seedlings under
Drought Stress

The drought stress remarkably decreased the leaf relative water content in both cul-
tivars compared to CK (Figure 1). However, the plants with QST713 inoculation showed
higher RWC as compared to plants without QST713 under normal and stressed plant
conditions in both cultivars. With the drought time, the RWC showed significant increase
in the cultivars of ‘Galalxie Max’ and ‘Saidi 7’ after inoculation with QST713: 10.29–15.05%
and 8.91–14.47%, respectively (compared with the MD treatment).
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Figure 1. Effect of drought stress and QST713 application on the leaf relative water content (RWC)
of alfalfa seedlings in two cultivars ((A) Galalxic Max; (B) Saidi 7). Data are the mean ± SE (n = 3).
Different letters indicate significant differences from each other (p < 0.05).

3.3. The Effects of Strain QST713 on Photosynthetic Gas Exchange Parameters of Alfalfa Seedlings
under Drought Stress

The drought stress significantly reduced Pn, Tr, Gs and Ci in both cultivars compared
to CK (Figure 2). However, under well-watered conditions, inoculation with QST713
significantly improved Pn and Tr of ‘Galalxie Max’ by 1.16- and 1.21-fold, respectively,
and ‘Saidi 7’ by 1.24- and 1.15-fold, respectively, compared to CK on the 20th day. Under
drought stress, the plants with QST713 had increased Pn, Tr, Gs and Ci of ‘Galalxie Max’
by 1.11–11.32%, 13.04–31.00%, 7.14–100.00% and 1.89–2.38%, respectively, and ‘Saidi 7’ by
9.59–30.98%, 4.23–49.28%, 2.00–50.00% and 0.71–7.71%, respectively, than those in plants
without QST713 application.

Figure 2. Cont.
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Figure 2. Effect of drought stress and QST713 application on photosynthetic rate (Pn; (A,B)), transpi-
ration rate (Tr; (C,D)),stomatal conductance (Gs; (E,F)) and intercellular CO2 (Ci; (G,H)) of alfalfa
seedlings in two cultivars ((A,C,E,G), Galalxic Max; (B,D,F,H), Saidi 7). Data are the mean ± SE
(n = 3). Different letters indicate significant differences from each other (p < 0.05).

3.4. The Effects of Strain QST713 on Photosynthetic Pigments of Alfalfa Seedlings under Drought Stress

Drought stress markedly decreased the content of Chl a, Chl b and carotenoids in the
leaves of alfalfa of both cultivars as compared to CK (Figure 3). However, the plants with
bacterial inoculation showed higher contents of Chl a, Chl b and carotenoids as compared
to non-inoculated plants under drought conditions. QST713 significantly increased Chl
a of ‘Galalxie Max’ by 6.85–15.43% and ‘Saidi 7’ by 11.48–15.57% compared with the
non-inoculated treatment under stressed conditions.

Figure 3. Effect of drought stress and QST713 application on the content of Chl a (A,B), Chl b (C,D)
and carotenoids (E,F) of alfalfa seedlings in two cultivars ((A,C,E), Galalxic Max; (B,D,F), Saidi 7).
Data are the mean ± SE (n = 3). Different letters indicate significant differences from each other
(p < 0.05).
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3.5. The Effects of Strain QST713 on Reactive Oxygen Content of Alfalfa Seedlings under Drought Stress

As shown in Figure 4, compared to CK, the content of O2.− and H2O2 increased in
the leaves of alfalfa of both cultivars under drought conditions and were decreased in the
treatment with QST713. On the 30th day, inoculation with QST713 decreased the content of
O2.− and H2O2 of ‘Da Yinhe’ by 59.65% and 43.82%, respectively, and ‘Saidi 7’ by 29.49%
and 10.96%, respectively, compared to non-inoculated plants under stress conditions.

Figure 4. Effect of drought stress and QST713 application on the content of O2.− (A,B) and H2O2 (C,D)
of alfalfa seedlings in two cultivars ((A,C), Galalxic Max; (B,D), Saidi 7). Data are the mean ± SE
(n = 3). Different letters indicate significant differences from each other (p < 0.05).

3.6. The Effects of Strain QST713 on Antioxidant Enzyme Activity of Alfalfa Seedlings under
Drought Stress

QST713 inoculation remarkably increased the activities of SOD, POD, CAT and APX in
both cultivars leaves under drought stress conditions (Figure 5). However, with the drought
time, the four enzyme activities showed greater differences in the cultivars of ‘Galalxie
Max’ and ‘Saidi 7’ after inoculation with QST713; the multiples were 1.05–1.53 times and
1.04–1.16 times, respectively (compared with the MD).

Figure 5. Cont.
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Figure 5. Effect of drought stress and QST713 application on antioxidative enzyme activities of SOD (A,B),
POD (C,D), CAT (E,F) and APX (G,H) in leaves of alfalfa seedlings in two cultivars ((A,C,E,G),
Galalxic Max; (B,D,F,H), Saidi 7). Data are the mean ± SE (n = 3). Different letters indicate significant
differences from each other (p < 0.05).

4. Discussion

Drought, causing morphological, physiological and biochemical changes in plants,
negatively affects plant growth and productivity [9]. PGPR can ameliorate the performance
of plants challenged with environment stresses such as drought, salinity and heat stress
by enhancing their growth, nutrient and water uptake, photosynthesis and antioxidant
systems [3,31]. In this study, plant biomass was significantly reduced under drought stress
(Table 1). However, QST713 alleviated the deleterious effects of water stress and increased
biomass content in both alfalfa cultivars (‘tolerant’ and ‘sensitive’ to drought). These
results indicated that drought stress inhibited growth in alfalfa seedlings and that QST713
application can relieve at least a portion of the stress and promote plant growth. Other
reports demonstrated that PGPR enhanced the plant biomass (fresh and dry weight of
roots and shoots) under drought stress [12,14]. PGPR can likely effectively enhance the
growth of plant root and shoot systems by balancing the levels of plant hormones like GAs,
cytokinins, auxins and ABA, aiding the plant in surviving drought stress [11].

Higher RWC can prevent the reactive oxygen species and osmotic stresses in plants
caused by droughts and potentially contribute to greater plant production [32,33]. In the
present study, the plants with QST713 inoculation significantly increased RWC in both
cultivars over plants without QST713 under drought stress (Figure 1). This indicates the
application of QST713 can effectively alleviate the damage of alfalfa leaves caused by
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drought stress. Previous studies have also reported enhancement of the relative water
content by PGPR [12,34]. This may suggest that PGPR has the potential to regulate the water
content by altering the hydraulic conductivity and stomatal openings [35]. Specifically,
PGPR increased the K+ content of plants under stress conditions, which is responsible for
stomata movements in response to changes in leaf water status [36,37].

It is well-known that leaf gas exchange parameters and chlorophyll content can be
examined to analyze the tolerance of drought stress [38,39]. A reduction in gas exchange
parameters is related to the set of metabolic responses triggered by water stress, such as a
reduction in Ci due to the lower Gs, and the resulting possible damage to the photosynthetic
apparatus [40]. In the current study, the adverse effect of drought stress on Pn, Tr, Gs and
Ci was obvious in both cultivars (Figure 2). However, inoculation with QST713 improved
these parameters in stress treatment in comparison to the non-inoculated seedlings, indicating
that QST713 enhanced the photosynthetic capacity of alfalfa leaves and alleviated the effect
of drought stress. Azizi et al. [41] reported that myrtle plants with the inoculation of PGPR
showed an increase in the rate of Pn, Tr and Gs under drought stress. Thus, by increasing water
absorption, PGPR delay stomatal closure and transpiration under water stress and positively
influence photosynthetic apparatus activity, resulting in a smaller decline in photosynthesis.

In addition, substantial research has documented that drought stress significantly
reduces the content of plant photosynthetic pigments (chlorophyll and carotenoids) [42,43].
Chlorophyll a and chlorophyll b, as the main photosynthetic pigments of plants, will di-
rectly affect the progress of photosynthesis. Carotenoids are related to the dissipation of
excess excitation light energy by plants, which can enhance the resistance of plant photo-
synthetic organs to strong light. In this study, drought stress significantly decreased the
content of Chl a, Chl b and carotenoids (Figure 3). However, inoculation with QST713 im-
proved these parameters in stress treatment in comparison to the non-inoculated seedlings.
Li et al. [44] reported that PGPR prevented chlorophyll degradation in stressed plants by
improving their water relations and increasing RWC, as the shortage of water in leaves
leads to decreased biosynthesis of chlorophyll and promotes the decomposition of chloro-
phyll. Therefore, these results in combination with other reports indicated that PGPR are
beneficial to maintain the normal photosynthetic capacity of alfalfa seedlings and improve
the adaptability of alfalfa plants to drought stress.

Severe oxidation damage was found in leaf chloroplasts by increased O2.− and H2O2
content under abiotic stress. Substantial research has shown that the antioxidant enzymes
(SOD, POD, CAT and APX) perform considerable functions in ROS obliteration and hy-
droxyl radical reduction. SOD converts O2.− to H2O2, which is then reduced to H2O and
O2 either by APX or by CAT in cytoplasm and other cell components [45]. POD plays an
important role in catalyzing H2O2 to H2O and O2 [46]. In this experiment, the antioxidant
enzyme activities in plants with PGPR were significantly higher than those without PGPR
under drought stress (Figure 5). In addition, PGPR could effectively prevent the accumula-
tion of O2.− and H2O2 in plant cells caused by drought stress (Figure 4). This indicated
that QST713 alleviated the drought stress effects in alfalfa seedlings by the induction of an-
tioxidant enzymes. This is similar to previous reports that B. pumilus inoculation improved
the activity of CAT, resulting in decreased H2O2 accumulation and the production rate
of O2.− induced by drought stress [3]. This may be that PGPR produce various bacterial
molecules such as flagellar proteins, chitin and lipopeptide surfactants, which promote
changes in host physiology, leading to an overexpression of plant defensive chemicals,
including antioxidative enzymes, chitinases and phenylalanine ammonia-lyase [47].

5. Conclusions

This investigation clearly demonstrated that QST713 can mitigate the injury to alfalfa
seedlings caused by drought stress through enhancing the activity of antioxidant enzymes
and ameliorating photosynthetic performance. Therefore, QST713 could be considered as a
promising biofertilizer in arid areas. However, further studies using field experiments to
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identify and validate the effectiveness of this biofertilizer in drought-stressed affected areas
for practical applications are needed.
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