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Abstract 

Background: The effectiveness of two PGPB; Azospirillum brasilense NO40 and Stenotrophomonas maltophilia B11 
was investigated in enhancing the drought tolerance of wheat (Triticum aestivum L.) seedlings cultivar Gemiza9. 
The inoculated or uninoculated grains were sown in unsterilized sandy soil and watered normally untill the  8th day. 
Drought stress was initiated by completely withholding water for 7 days (until wilting). Samples were collected after 
15 days from sowing to evaluate some growth criteria, damage and defense indicators and to analyze the roots’ pro-
tein pattern.

Results: The results showed that inoculating wheat seedlings with these strains significantly diminished the inhibi-
tory effects of drought stress on the relative water content of roots, shoots and leaves; area of leaves; contents of pig-
ments (chlorophyll a and b) and ascorbic acid; and on the protein patterns of roots. Moreover, the bacterial inocula-
tion notably reduced the drought-induced damage indicated by lower leakage of electrolytes and less accumulation 
of Malondialdehyde and hydrogen peroxide, surprisingly with less enhanced production of proline and activities of 
catalase and peroxidase than their uninoculated counterparts. Under normal conditions, inoculating wheat plants 
with these PGPB resulted in significantly promoted growth and elevated contents of pigments and altered protein 
patterns of roots.

Conclusion: Overall, we can say that both Azospirillum brasilense NO40 and Stenotrophomonas maltophilia B11 were 
able to deactivate the growth inhibition in wheat seedlings to some extent, while maintaining a certain level of effi-
cient protection against damage under drought stress.
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Background
Water is the main limiting factor for plant growth, devel-
opment, and productivity; as the plant requires within 
reach of its roots, water of adequate quality, in appropri-
ate quantity and at the right time (FAO 2003). Conse-
quently, the lack of adequate moisture, i.e. drought stress, 

permanent or temporary, can trigger a wide range of 
highly complicated morphological, anatomical, biochem-
ical and molecular plant responses (Farooq et  al. 2009; 
Takahashi et al. 2020).

Some plant responses are deleterious: lost turgor, 
arrested growth, disturbed water relations, diminished 
water-use efficiency, reduced transpiration and photo-
synthesis, injured cell membranes and macromolecules, 
altered activities of various enzymes, modified metabo-
lism and assimilate partitioning, enhanced reactive 
oxygen species (ROS) production, declined yields, and 
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may be accelerated senescence and death (Farooq et  al. 
2009; Bodner et al. 2015). Other plant responses can be 
adaptive: the plant may:- enhance the water uptake by 
maintaining root growth; reduce water loss by closing 
stomata, restricting shoot growth, accelerating leaf senes-
cence…, etc.; accumulate protective molecules; activate 
its antioxidative defense; stabilize its membranes; regu-
late hormones, proteins and expression of genes; and/
or it may speed its development or even complete its life 
cycle before the onset of drought stress (Farooq et  al. 
2009; Bodner et al. 2015; Takahashi et al. 2020).

It is worth noting that the same response can be seen 
as adaptive or deleterious, depending on how far it 
helps the plant to balance between maintaining growth 
and reproduction on one hand, and ensuring survival 
on the other hand (Claeys and Inze 2013). For instance, 
growth arrest is a primary response of plants subjected 
to drought stress (Bhargava and Sawant 2013), and this 
arrest is usually translated into important loss in amount 
and quality of crop yield (Farooq et al. 2009; Bodner et al. 
2015). But if the stress is only temporary, limiting growth 
too extensively can lead to unnecessary yield losses; on 
the other hand, continued growth can threaten survival 
when water limitation turns out to be long and severe 
(Claeys and Inze 2013). Therefore, it is crucial for plants 
to balance between growth and survival in order to main-
tain the best yields as they can (Claeys and Inze 2013). 
However, achieving this balance is highly complex and 
variable depending on the plant species, genotype, age, 
developmental stage, organ, cell type and cellular com-
partment, in addition to the duration, severity and rate of 
progression of water loss and interaction with other envi-
ronmental conditions (Ngara and Ndimba 2014).

Different strategies have been adopted to enhance the 
crops’ performance under the restricted water availabil-
ity (Mancosu et al. 2015). Among these strategies, is the 
use of the free-living plant growth promoting bacteria 
(PGPB) as a relatively simple, handy, low-cost, and eco-
friendly strategy (Figueiredo et  al. 2016; Goswami and 
Deka 2020). They are characterized by their ability to col-
onize roots excellently, and to produce various enzymes 
and metabolites, by which they can induce physical and 
chemical changes in plants, resulting in enhanced toler-
ance to abiotic stresses (Ngumbi and Kloepper 2016). 
These induced changes have been termed by Yang et al. 
(2009) as the induced systemic tolerance. As a result, 
many PGPB have been used to promote the survival, 
growth, and productivity of several crops under drought 
stress such as; maize (Fan et al. 2015; Jochum et al. 2019) 
and wheat (Kasim et  al. 2013; Timmusk et  al. 2014; 
Jochum et al. 2019).

This study was the fourth, exploring how far two 
selected PGPB: Azospirillum brasilense NO40 and 

Stenotrophomonas maltophilia B11 can be a promising 
tool for enhancing the drought tolerance of wheat cul-
tivar Gemiza9 (Omar et  al. 2017; Salama 2019; Osman 
et  al. 2020). The previous studies indicated that both 
strains: (1) possess multiple plant growth promoting 
traits  (N2 fixation, 1-Amino-Cyclopropane-1-Carboxy-
late (ACC) -deaminase activity, P-solubilization and pro-
duction of HCN, ammonia, and phytohormones (Indole 
Acetic Acid (IAA), Gibberellic Acid (GA) and Absci-
sic Acid (ABA)); (2) can tolerate osmotic stress up to 
-26.82 bar (50% polyethylene glycol 6000); (3) enhanced 
the wheat seedlings’ growth in vitro (in a sterilized sys-
tem (spermosphere model)) under normal and osmotic-
stressed (25% PEG6000 = -7.35 bar);  (4) gave the wheat 
seedlings superior growth, survival and recovery in vivo 
than the uninoculated seedlings where the plants were 
exposed to a period of drought stress (17  days of ceas-
ing irrigation) followed by a period of recovery (10 days 
of reirrigation) and (5) significantly reduced the drought-
induced loss in wheat yield where the inoculated plants 
maintained significantly higher values of all of the meas-
ured yield parameters, and the yielded grains had higher 
amounts of the direct reducing sugars, sucrose, starch; 
lower contents of total soluble proteins; and the total free 
amino acids, and altered protein patterns compared to 
those of the uninoculated-drought-stressed plants.

The aims of the current study are to investigate the 
reproducibility of the positive impact of these PGPB 
(Azospirillum brasilense NO40 and Stenotrophomonas 
maltophilia B11) on wheat growth under normal and 
drought-stressed conditions and to explore how far these 
strains can help wheat seedlings to maintain optimal 
growth under drought stress conditions without sac-
rificing survival, through evaluating some damage and 
defense indicators.

Methods
Plant material
Grains of wheat (Triticum aestivum L.) cultivar Gemiza9 
(cv. G9) were obtained from the Wheat Department, 
Field Crops Research Institute, Agriculture Research 
Centre (ARC), Giza, Egypt, where cv.G9 is a relatively 
drought-sensitive, but high-yielding, rust-resistant, and 
wide-cultivating cultivar in Egypt (El-Shami et al. 2000).

Microorganisms
The used PGPB were Azospirillum brasilense NO40 and 
Stenotrophomonas maltophilia B11 isolated from rice 
(Omar et al. 1989) and wheat rhizosphere (Salama 2019), 
respectively. Both strains were allowed to grow in nutrient 
broth for 24 h at 28 °C with shaking, after which the cul-
ture turbidity was adjusted to 0.3 ~  108 colony-forming unit 
(CFU)/ml (using the spectrophotometer at 600 nm) to be 
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used either for grain coating or liquid inoculation. For the 
grain coating, 30 ml of each culture was taken to inoculate 
bags of vermiculite carrier (50  g/bag) and incubated for 
24  h, while for liquid inoculation the fresh cultures were 
mixed with irrigation water (5 ml/pot) twice, after sowing 
and on the  8th day from sowing.

Plant growth and treatments
The experiment was conducted at the Experimental Green 
house of Wheat Department, Field Crops Research Inst., 
(ARC), Giza, Egypt, using soil with sandy texture obtained 
from the Agricultural Research Station, Ismailia, ARC, 
Giza, Egypt. Its characteristics and composition are illus-
trated in Table 1.

The wheat grains were selected for apparent uniform-
ity of shape and size, surface- sterilized by  HgCl2 0.1% for 
5 min. and rinsed 5 times with sterile tap water. Then, the 
grains were mixed with the inoculated carrier bags and 
Arabian gum solution on clean plastic sheets and left to be 
air-dried for 1 h in shadow before sowing. For the uninocu-
lated treatments, a clean nutrient broth was added instead.

The experiment included 6 treatments, each treatment 
has 30 replica as follows: (1) Cont. (control) = unstressed-
uninoculated treatment; (2)  B1 = unstressed- inoculated 
with A. brasilense NO40, (3)  B2 = unstressed-inoculated 
with S. maltophilia B11, (4) D = drought-stressed-uninoc-
ulated, (5)  DB1 = drought-stressed-inoculated with A. bra-
silense NO40 and (6)  DB2 = drought-stressed- inoculated 
with S. maltophilia B11.

Three inoculated or uninoculated grains were sown per 
pot (9  cm height × 8.5  cm diameter containing 360  g of 
sandy soil) and left to grow at 20 ± 2 °C in a relative humid-
ity of 65% and 16 h photoperiod at 450 μmol  m−2  s−1 light 
intensity and watered with 70% of the soil field capacity a 
day after day till the 8th day. Up to this point, the drought 
stress was initiated by completely withholding water for 
7  days (until wilting). The unstressed pots were irrigated 
normally. The mineral fertilizer (N, P and K) was applied 
according to the recommendations of the Egyptian Minis-
try of Agriculture.

Samples were collected after 15 days from sowing, some 
seedlings were taken immediately to measure the growth 
criteria, electrolytes leakage and  H2O2 content, and some 
others were kept frozen at -80 °C, while the rest were oven-
dried at 50 °C for further analysis.

Relative water content and leaf area
The 15-day-old wheat seedlings were collected, washed 
immediately, dried between two filter papers and divided 
into roots and shoots. Fresh, fully turgid and dry masses of 
roots, shoots and the second node leaves were measured 
and used in the determination of the RWC according to 
Sharp et al. (1990). The leaf area was determined using the 
Leaf Area Measurement software (University of Sheffield 
A.P. Askew 2003).

Photosynthetic pigments
Photosynthetic pigments, chlorophyll a, chlorophyll b and 
carotenoids were determined quantitatively as described by 
Arnon (1949) for chlorophylls and Horváth et al. (1972) for 
carotenoids as adopted by Kissimon (1999).

H2O2, malondialdehyd (MDA) and electrolyte leakage
The content of  H2O2 and the electrolyte leakage were 
measured in the immediately harvested fresh leaves using 
the method of Loreto and Velikova (2001) and Sairam et al. 
(1997), respectively, while the MDA content in leaves, as an 
indicator of drought-induced lipid peroxidation, was esti-
mated according to Heath and Packer (1968).

Ascorbic acid and free proline
Ascorbic acid (A.A) content was estimated in leaves 
according to Oser (1979), while the free proline was deter-
mined according to the method described by Bates et  al. 
(1973) in the root and shoot tissues.

Assaying of catalase and peroxidase
According to Beauchamp and Fridovich (1971), the extract 
of fresh plant martials was used for assaying catalase (EC 
1.11.1.6) and peroxidase (EC 1.11.1.7) as described by Kato 
and Shimizu (1987).

Qualitative characterization of protein of roots using 
SDS‑PAGE
The protein patterns of the root of 15-day-old wheat 
seedlings were analysed using one dimensional sodium- 
dodecyl sulphate poly acrylamide gel electrophoresis (SDS-
PAGE) as described by Laemmli (1970). The gel bands were 
scanned and analyzed by the gel documentation system 
that determines molecular mass (MM) in kDa of each pol-
ypeptide band in relation to a standard marker (M) using 

Table 1 Some chemical and physical characteristics of the soil

pH EC (dS/m) Structure % Mineral composition (mg/ Kg soil)

Sand Silt Clay N P K Fe Mn Zn Cu

7.72 0.50 89.4 7.60 3.00 15.10 4.85 60.80 5.30 0.92 0.48 0.05
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the Gel Proanalyzer version 3 Media Cybernetics Imaging 
Exports software (Gel Doc. 2001 BioRad System).

Statistical analysis
All analytical determinations were replicated at least 
three times and the presented data are the mean values. 
The obtained results were subjected to one way analy-
sis of variance ANOVA to determine the significance 
between treatments using CoStat software (6,3) (CoHort 
software, California, USA 1998).

Results
Relative water content and leaf area
Generally, both of A. brasilense NO40 and S. maltophilia 
B11 revealed an evident promoting effect on the growth 
of wheat seedlings under all conditions and induced bet-
ter tolerance to drought stress, which was clear from the 
healthier seedlings and the less severe wilting symptoms 
with respect to the uninoculated seedlings as revealed in 
Fig. 1.

Ceasing irrigation for 7 days dramatically reduced the 
relative water contents (RWC %) of roots and shoots 
of both uninoculated and inoculated wheat seedlings 
(Fig. 2a, b). Without PGPB, RWC% was dropped to 34% 
in roots and 38% in shoots. The inoculation with A. brasi-
lense and S. maltophilia significantly improved the RWCs 
of roots to be 53% and 64%, respectively and to ≥ 65% 
in shoots under drought stress. In leaf, drought stress 
resulted in remarkable reduction in its RWC (62%) and 
area (24%) in the uninoculated stressed leaf (Fig. 2c, d), 
while the corresponding reductions in the  B1 or  B2- inoc-
ulated-drought-stressed seedlings were ≤ 13%, and 52%, 
respectively.

Photosynthetic pigments
The results indicate that the pigments contents were sig-
nificantly reduced in response to 7 days of drought stress 

B1 B2 Cont. D DB2 DB1 

a b

Fig. 1 Effect of bacterial inoculation with Azospirillum brasilense 
NO40  (B1) and Stenotrophomonas maltophilia B11  (B2) on the 
15-day-old Triticum aestivum L. (cv. G9) seedlings grown in sandy 
soil, under unstressed (a) and drought-stressed (7 days of water 
withholding) (b) conditions. Cont. = the unstressed-uninoculated 
control; D = the drought-stressed-uninoculated treatment, 
 B(1–2) = the unstressed- inoculated treatments and  DB(1–2) = the 
drought-stressed-inoculated treatments
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Fig. 2 Effect of bacterial inoculation with Azospirillum brasilense 
NO40  (B1) and Stenotrophomonas maltophilia B11  (B2) on the RWC% 
of a roots; b shoots; c the second-node leaf and d leaf area  (mm2) 
of the 15-day-old Triticum aestivum L. seedlings (cv. G9) grown 
in sandy soil, under unstressed and drought-stressed conditions 
(7 days of water withholding). Error bars represent the standard 
deviation between 3 replica. Treatments with identical letters 
are not significant at P ≤ 0.01. Cont. ≡ unstressed-uninoculated 
treatment; D≡ drought-stressed-uninoculated treatment; 
 B1 and  B2 ≡ unstressed-inoculated treatments;  DB1 and 
 DB2 = drought-stressed- inoculated treatments
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in all treatments (Fig.  3). The leaves of the uninoculat-
edt-stressed seedlings (D) had the least amount of chl-a 
and -b (38% and 41%, respectively), less than those of 
the uninoculated-unstressed control, while the ratio of 
chl a/b was insignificantly affected, compared with the 
control. On contrary, the inoculation with  B1 and  B2 sig-
nificantly reversed the negative effects of drought stress; 
where chl-a was 8.5 and 10.4  mg/g DM in the  B1 and 
 B2-inoculated-stressed seedlings, respectively, compared 

with 7.5 mg/g DM in the well-watered-uninoculated con-
trol. Similarly, in the  B1 and  B2-inoculated-stressed seed-
lings, chl-b increased by about 38% and 32%, respectively 
than those of the uninoculated-stressed counterparts (D). 
Meanwhile, the two strains had different impacts on the 
chl a/b ratio under drought stress; where it was non-sig-
nificantly affected in the  B1-inoculated-stressed seedlings 
 (DB1), compared with their  B1-inoculated-unstressed 
counterparts, while the  B2-treated-stressed seedlings 
 (DB2) showed the highest chl a/b ratio among all treat-
ments (3.03). On the other hand, the carotenoids content 
was slightly affected either by drought stress or bacte-
rial inoculation and their highest content was recorded 
in the  B2-inoculated-unstressed seedlings (3.3  mg/g 
DM), while the least content was recorded in the 
 B1-inoculated-drought-stressed ones (2.3 mg/g DM).

Membrane leakage, hydrogen peroxide 
and malondialdehyde
Growing wheat seedlings without water for 7 days signifi-
cantly increased the leakage of electrolytes and the accu-
mulation of  H2O2 and MDA in the leaves of all treatments 
(Fig. 4). The highest membrane damage, which was indi-
cated by the electrolyte leakage was determined in the 
uninoculated-drought-stressed seedlings (D), which was 
9.3 fold of the uninoculated-unstressed control. On the 
other hand, the leaves of the inoculated-drought-stressed 
seedlings showed significantly lower leakage of electro-
lytes and the lowest leakage was recorded in the stressed 
seedlings inoculated with  B1which was about 46% lower 
than that of the stressed-uninoculated counterparts (D). 
Similarly, bacterial inoculation with both strains notably 
decreased the accumulation of  H2O2 and MDA in the 
leaves of wheat seedlings under drought stress without 
significant differences between them. The least amounts 
of  H2O2 and MDA under drought stress were recorded 
in the  DB1 which were 9.1 and 0.98 µmole/g FM, com-
pared with 22 and 1.6 µmole/g FM, respectively, in the D 
treatments.

Ascorbic acid and proline
The drought stress resulted in a significant decrease of 
Ascorbic acid (A.A) content by about 53%, compared 
with the well-irrigated control, while this decrease was 
only 38% and 41% in the A. brasilense and S. maltophilia 
-treated seedlings, respectively (Fig.  5). Under the well-
irrigated conditions, the effects of both strains were 
opposite to each other: while S. maltophilia induced the 
highest accumulation of A.A in leaves (~ 71 mg / g DM), 
A. brasilense significantly decreased its content to ~ 55 
(mg/g DM), where in the bacteria-free control, the value 
was 62.9 (mg/g DM).
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Fig. 3 Effect of bacterial inoculation with Azospirillum brasilense 
NO40  (B1) and Stenotrophomonas maltophilia B11  (B2) on the 
contents of a Chl-a; b Chl-b; c Chl a/ b and d carotenoids of 
the 15-day-old Triticum aestivum L. seedlings (cv. G9) grown in 
sandy soil, under unstressed and drought-stressed conditions 
(7 days of water withholding). Error bars represent the standard 
deviation between 3 replica. Treatments with identical letters 
are not significant at P ≤ 0.01. Cont. ≡ unstressed-uninoculated 
treatment; D≡ drought-stressed-uninoculated treatment;  B1 and 
 B2≡ unstressed-inoculated treatments;  DB1 and  DB2 = the 
drought-stressed- inoculated treatments
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The exposure of the uninoculated seedlings to 7 days of 
water withholding significantly elevated their content of 
proline in the roots and shoots by about 3 and 10 folds, 
respectively, relative to the uninoculated-unstressed 
control (Fig.  6). On the other hand, inoculating seed-
lings with  B1 and  B2 significantly reduced the accumula-
tion of proline under drought stress. In roots, the effect 
of both strains was similar, where the proline content of 
the stressed roots was ≥ 20% less than that in the uninoc-
ulated-drought- stressed ones. In shoots, the influence of 
both strains was variable; where under stress conditions, 
the inoculation with S. maltophilia decreased the proline 
content by ~ 47%, while the decrease was only 31% in case 
of  B1, compared with the uninoculated-stressed counter-
parts (D). In the unstressed wheat seedlings, both strains 
had non-significant effect on the proline content in their 
roots or shoots.

Antioxidant enzymes
Figure  7a–d showed that drought stress significantly 
promoted the activities of catalase and peroxide in roots 
and shoots. The highest catalase activities were recorded 
in the uninoculated-stressed seedlings (D), which were 
0.18 µmole/g FM/min in roots and 0.36 µmole /g FM /
min in shoots. Likewise, in D treatment, peroxidase 
activities were enhanced by about 4 and 3 folds in roots 
and shoots, respectively. However, the application of any 
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of the two strains inhibited the catalase activity in  DB1 
and  DB2 by about 56% in roots and ≥ 36% in shoots, in 
respect with their uninoculated-stressed counterparts 
(D). Moreover, the  B1 and  B2-inoculated-stressed wheat 
seedlings had less activities of peroxidase by ~ 38 and 56% 
in roots and by ~ 38 and 32% in shoots, respectively, than 
their D counterparts.

SDS‑PAGE of root protein
The results showed that both of drought stress and bac-
terial inoculation caused several changes in the protein 
patterns of root of wheat seedlings (Table 2) as follow:

• The drought stress induced synthesis of new stress 
proteins bands with MM 138, 89, 47 and 25  kDa, 
which were not detected in all of the inoculated-
stressed seedlings, as the bands having MM 138, 89 
and 47 kDa disappeared B1-stressed treatment  (DB1) 
while the 25 kDa band disappeared in the B2-stressed 
treatment  (DB2),

• Four polypeptides having MM 144, 94, 82 and 27 kDa 
were detected in the control but they disappeared in 
all of the drought-stressed treatments, and

• The bacterial inoculation resulted in the appearance 
of four new synthesized protein bands under drought 
stress with MM 125  kDa with  DB1; 74 and 51  kDa 
with both  DB1 and  DB2; and 26 kDa with  DB2, all of 
them were not detected in the control or in the cor-
responding uninoculated-drought-stressed counter-
parts (D).

Discussion
Upon exposure to drought stress, plants actively repro-
gram their metabolism and growth in order to limit 
damage and facilitate the recovery of impaired systems 
(Farooq et al. 2009; Claeys and Inze 2013). However, the 
key challenge for plants is to balance between growth and 
survival to maintain the best yields as they can (Claeys 
and Inze 2013). The current study investigated the pos-
sible contribution of PGPB to this balance.

The onset of drought stress without bacterial inocu-
lation during the seedling stage resulted in significant 
reductions in the leaf area, which has been repeatedly 
recorded in many studies (Farooq et  al. 2009; Bhargava 
and Sawant 2013). Under drought stress, plants tend to 
limit their shoot growth in order to reduce the evapora-
tion surface and thereby their water balance and survival 
can be enhanced (Bhargava and Sawant 2013; Claeys and 
Inze 2013). The shoot growth limitation occurs directly 
by reducing the water uptake, resulting in the loss of 
cell turgor which in turn inhibits the cell elongation and 
expansion; and indirectly by closing stomata resulting 
in lowered rates of nutrient uptake and photo-assimila-
tion, which in turn reduces the metabolites and energy 
required for cell division (Farooq et  al. 2009; Bhargava 
and Sawant 2013).

On the other hand, the inoculated seedlings with A. 
brasilense or S. maltophilia had significantly enhanced 
leaf area and generally healthier phenotypes (i.e. less wilt-
ing symptoms than their uninoculated counterparts). 
These results are in harmony with those obtained for A. 
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brasilense- inoculated wheat exposed to either to drought 
(Kasim et al. 2013); heat (Abd El-Daim et al. 2014) or cold 
(Osman et al. 2014). Singh and Jha (2017) indicated that 
S. malthopilia SBP-9 has the potential to promote wheat 
growth under salt stress, while S. malthopilia MGT18 
(endophytic selenobacteria) improved soybean growth 
under drought stress (Trivedi et  al. 2019). Omar et  al. 
(2017) reported that both of A. brasilense and S. malt-
ophilia possess several plant growth promoting traits 
that may; (1) assist in better availability of nutrients such 
as  N2 and P by fixing atmospheric  N2 and solubilizing the 
inorganic P (Ahemad and Kibret 2014); and (2) modulate 
the plant hormones level either by synthesizing IAA,  GA3 
and ABA or by lowering the plant-produced ethylene 

via the ACC-deaminase activity, all of which are known 
as signals that affect the plant morphogenetic processes 
(Potters et al. 2007). This in addition to the possibility of 
having other plant growth promoting traits such as pro-
duction of exopolysachharides (Kasim et al. 2016; An and 
Berg 2018).

Unsurprisingly, the limited water supply resulted in a 
massive decline in the measured relative water contents 
in all organs, which indicates the water status of the tis-
sues, and in turn reflects the stress severity as stated 
by Reddy et  al. (2004). Thus, based on the dramatically 
declined values of RWCs, it seems fair to suggest that the 
uninoculated wheat seedlings exhibited relatively low tol-
erance to the imposed drought stress, especially with the 

Table 2 Changes in the molecular masses of protein bands as revealed by SDS-PAGE of the protein of roots of 15-day-old Triticum 
aestivum L. seedlings grown in sandy soil, under unstressed and drought stressed (7 days of water withholding) conditions, with and 
without inoculation with Azospirillum brasilense NO40  (B1) and Stenotrophomonas maltophilia B11  (B2)

M = marker; MM = molecular mass; +  = present, – = absent; Cont. = unstressed-uninoculated treatmentl; D = drought-stressed-uninoculated treatment;  B1 and 
 B2 = unstressed-inoculated treatments;  DB1 and  DB2 = drought-stressed-inoculated treatments

M (KDa) MM (KDa) Cont B1 B2 D DB1 DB2

250 – – – – – –

147 –  + – – – –

144  + – – – – –

141 – –  + – – –

138 – – –  + – –

133 – – – –  + –

125 – – – – –  + 

130 – – – – – –

94  +  +  + – – –

91 – – – –  + –

89 – – –  + –  + 

95 – – – – – –

82  + – – – – –

80 –  +  +  + – –

74 – – – –  +  + 

72 – – – – – –

54 – –  + – – –

53 –  + – – – –

52  + – –  + – –

51 – – – –  +  + 

55 – – – – – –

48  + –  + –  + –

47 –  + –  + –  + 

40  +  +  +  +  +  + 

36 – – – – – –

35  +  +  +  +  +  + 

28 – – – – – –

27  + – – – – –

26 –  +  + – –  + 

25 – – –  +  + –
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obvious wilting symptoms, compared to the inoculated 
seedlings that showed significantly augmented values of 
RWCs accompanied with healthier phenotypes. The cor-
relation between the increased RWC with PGPB applica-
tion has been recorded in several plants under drought 
stress (Kasim et al. 2013; Naveed et al. 2014; Trivedi et al. 
2019). Cohen et  al. (2015) attributed these findings, in 
part, to the better control of stomata closure mediated 
by produced ABA, in addition to the enhanced water 
uptake that may have resulted from the enhanced root 
length and lateral roots number induced by the bacterial 
IAA and GA. However, Timmusk et al. (2014) indicated 
that bacterial inoculation significantly enhanced root 
hair and lateral roots formation, especially under drought 
stress, but without increasing the total root dry mass or 
the main root length. Accordingly, it can be suggested 
that A. brasilense and S. maltophilia may have helped 
the drought-stressed wheat plants to attain higher RWCs 
by inducing better control of stomata and by mediating 
alternations in root architecture.

The water status deterioration of the uninoculated-
stressed seedlings was recorded despite the significantly 
elevated contents of proline in their roots and shoots. 
This may imply that the accumulated proline was not 
enough to reduce the cell osmotic potential, and there-
fore to maintain sufficient cell turgor. Shabala and Sha-
bala (2011) questioned the direct contribution of organic 
osmolytes to the maintenance of cell turgor, suggesting 
that the organic osmolytes have a slight quantitative con-
tribution to the osmotic adjustment, but they may mainly 
act as low-molecular-weight chaperones in maintain-
ing the membranes’integrity; protecting the structure of 
enzymes and proteins; protecting and repairing of PSII 
and buffering the redox potential, however, none of these 
roles require a substantial accumulation of osmolytes 
to have a beneficial effect. Furthermore, these authors 
stated that the energy cost of organic osmolytes produc-
tion is at least 10 times higher than that of inorganic ion 
uptake. Also, they referred to many studies where the 
salt-sensitive genotypes accumulated much more organic 
osmolytes like proline and glycine betaine compared 
with the tolerant ones, by which they consumed about 
4.5 times more ATP than the tolerant genotypes that 
resulted in severe yield penalties at the end. However, 
this hypothesis was contradicted by the findings of Hum-
mel et  al. (2010), which indicated that the organic part 
of the osmotic adjustment (OA) represents a low cost 
compared with the other carbon fluxes, mainly because 
of the fact that growth is inhibited more than and before 
photosynthesis under water deficit. In accordance, Blum 
(2011) proposed that since the leaf expansion is arrested 
by drought stress before leaf photosynthesis is inhibited, 
some of the photosynthates that have been normally used 

for leaf expansion are now available for either OA or root 
growth. This may imply that OA is a result of the growth 
inhibition not a cause. But in general, it can be concluded 
that accumulating high proline content was not neces-
sary and may be it was unwise use of resources.

In the same context, the uninoculated wheat seed-
lings had markedly enhanced activities of catalase. Such 
response has been widely recorded in many drought–
stressed plants such as barely (Harb et  al. 2015) and 
wheat (Wei et al. 2013) as they play an important role in 
the fine regulation of reactive oxygen species in the cell 
through activation and deactivation of  H2O2 (Sairam 
et  al. 2005). However, there are conflicting reports 
about relating the enhanced activities of antioxidant 
enzymes with tolerance, where some tolerant genotypes 
of wheat (Sairam et al. 1998) and tobacco (Su et al. 2017) 
showed higher activities of antioxidant enzymes than the 
drought-sensitive ones, while in the study of Wei et  al. 
(2013) on PEG6000-stressed wheat seedlings, the anti-
oxidant enzymes activities were higher in the drought-
sensitive cultivar than in the tolerant one. This suggests 
that the contribution of the antioxidant enzymes to plant 
tolerance is variable and cannot be only concluded from 
the elevated activities, but from the overall performance 
of plants.

On the other hand, the inoculated-drought-stressed 
seedlings had less pronounced defense, indicated by 
lower catalase and peroxidase activities and proline con-
tent. Similar results were also recorded in plants inocu-
lated with A. brasilense NO40: for example in barely 
under salt stress (Omar et al. 2009) where the inoculated 
seedlings had significantly reduced contents of proline 
and activities of catalase and peroxidase in their shoots 
and roots; and in wheat under progressive drought stress 
(Kasim et  al. 2013) where the primed seedlings had 
significantly lower activities of ascorbate peroxidase, 
while Singh and Jha (2017) found that the salt-stressed 
wheat plants inoculated with S. maltophilia SBP-9 had 
decreased content of proline, but elevated activities of 
superoxide dismutase, catalase, and peroxidase. The 
generally less activated defenses of the inoculated wheat 
seedlings after imposing drought for 7  days, may imply 
that these inoculated seedlings either sense less degree 
of drought stress by which higher activation of defenses 
were no longer needed; or they exhibited a higher degree 
of drought tolerance than that of the uninoculated ones.

Under drought stress, plants also tend to enhance the 
production of antioxidants like ascorbic acid and carote-
noids in order to minimize the detrimental effects of oxi-
dative stress and normalize their metabolic activities (Dar 
et  al. 2017). The current study indicated that the carot-
enoids content was slightly affected by drought stress and 
inoculation. The influence of water stress on carotenoids 
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greatly varied, it may be increased (Guha et  al. 2010); 
decreased (Emami Bistgani et  al. 2017) or unchanged 
(Nikolaeva et  al. 2017) and highly dependent on the 
plant genotype (Nikolaeva et  al. 2017); stress severity 
(Nikolaeva et  al. 2017) and duration (Chakraborty et  al. 
2013), rather than any additional treatments (Askari 
and Ehsanzadeh 2015), including bacterial inoculation 
(Chakraborty et  al. 2013), which explain why the carot-
enoids content was slightly affected either by drought 
stress or bacterial inoculation in this study.

Regarding the ascorbic acid (A.A), the current results 
show that the A.A content was significantly declined in 
the leaves of the uninoculated-drought-stressed seedlings 
by about 53%, compared with the well-irrigated con-
trol. Selote and Khanna-Chopra (2004) found that A.A 
and reduced glutathione contents in rice panicles were 
enhanced after the initiation of stress and maintained the 
same levels lasting for about 3 days, but decreased on a 
longer timeframe of 5 consecutive days of stress, indi-
cating that the drought tolerance is not only related to 
enhanced antioxidant system, but also to a similar extent 
to the rate of decline of the system (Guo et al. 2006). The 
drought-induced decline in ascorbate levels was also 
observed in the leaves of wheat (Bartoli et al. 1999) and in 
leaves and stems of soybean (Seminario et al. 2017). The 
reduced level of A.A may be related to its reduced bio-
synthesis (Seminario et al. 2017), or to the possible partial 
influence of the reduced photosynthates’ supply (Conk-
lin 2001). On the other hand, the inoculated-drought-
stressed plants had higher A.A levels than those in the 
uninoculated counterparts. The PGPB-induced increase 
in A.A was also recorded in wheat plants inoculated with 
Bacillus safensis or Ochrobactrum pseudogregnonense 
under drought (Chakraborty et al. 2013) and heat stress 
(Sarkar et al. 2018). The increase in A.A may be a result 
of its enhanced biosynthesis and recycling which mainly 
related to the enhanced enzymes’ activities (Seminario 
et  al. 2017); to the PGPB-diminished reduction in leaf 
dehydration; and may be partially due to the altered pho-
tosynthate supply (Conklin, 2001), where all of them can 
be affected by the PGPB metabolites.

As the results revealed, drought stress induced sub-
stantial damage in the uninoculated seedlings, as mani-
fested by the significant increase in the leakage of 
electrolytes, accumulation of MDA and  H2O2. Upon 
exposure to drought stress, most plants close their sto-
mata to control water loss (Pirasteh-Anosheh et al. 2016) 
which results in limited intake and assimilation of  CO2, 
reduced  NADP+ regeneration, increased leakage of elec-
trons to  O2, enhanced photorespiration and finally to 
augmented ROS formation (Dar et  al. 2017). This aug-
mented ROS formation functions as an alarm signal 
that triggers acclimatory/defense responses if kept at 

an appropriate level by adequate scavenging, but if their 
formation overwhelms their scavenging, oxidative stress 
occurs, where the over-accumulated ROS can impose 
significant damage by reacting with different cellular 
components (Dar et  al. 2017; Mittler 2017). Therefore, 
the boosted  H2O2 content in leaves of the uninoculated-
stressed wheat seedlings reflects a higher degree of oxi-
dative stress and hence a greater damage, confirmed 
by the elevated values of MDA and membrane leakage. 
 H2O2 at high concentrations, has the potential to react 
with proteins by attacking their cysteine and methio-
nine residues; inactivate enzymes by oxidizing their thiol 
groups; react with DNA molecules; induce programmed 
cell death; and to be transformed into more reactive and 
toxic species like  OH• (Dar et  al. 2017; Mittler 2017), 
while MDA is one of the final products of the peroxida-
tion of the unsaturated fatty acids in the phospholipids 
bilayer (Sharma et  al. 2012). The lipid peroxidation is 
considered to be one of the most damaging processes in 
all living organisms (Gill and Tuteja 2010), in which the 
ROS attack the double bond between two carbon atoms 
and the ester linkage between glycerol and fatty acids 
in the phospholipid bilayer resulting in damaging prod-
ucts like MDA (Sharma et al. 2012). These products can 
react with and damage proteins and DNA, in addition 
to their basic interference with the stability of cellular 
and organellar membranes where they diminish fluidity, 
which is detrimental to membranes’ functional structure 
leading to increased electrolytes’ leakage as found in the 
present results (Farooq et al. 2009; Dar et al. 2017). The 
enhanced values of electrolytes’ leakage further confirm 
the drought-mediated injury to the cellular membranes, 
which may be not only resulted from lipid peroxidation, 
but also from the protoplasm shrink, crowding and vis-
cosity increase, proteins displacement and denaturation, 
increased rigidity and induced mechanical stress, all of 
which negatively affect the membranes’ intactness and 
permeability under water deficit (Farooq et al. 2009; Dar 
et al. 2017).

In contrast, the inoculated seedlings showed less sus-
ceptibility to the drought-mediated damage as they accu-
mulated notably fewer contents of  H2O2 and MDA and 
displayed reduced electrolytes’ leakage in their leaves. 
These results are in accordance with those of Gontia-
Mishra et  al. (2016) on wheat, who suggested that the 
inoculated seedlings did not encounter much stress and 
therefore, exhibited higher membrane stability. Singh and 
Jha (2017) also reported that treating plants with bac-
terium possessing multi growth-promoting traits (e.g. 
ACC-deaminase, IAA, GA and ammonia production) 
was able to counteract the inhibitory effects of salt stress.

The results reveal notable retardation in the contents 
of chl-a and b in the drought-stressed wheat leaves. This 
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retardation can be attributed to different reasons such as: 
(1) impaired biosynthesis and/or accelerated degradation 
of chl., (Ashraf and Harris 2013); (2) enhanced synthesis 
of nitrogen compounds such as proline, which consumes 
a large amount of nitrogen, as suggested by De La RosaI-
barra and Maiti (1995); and (3) the injured photosyn-
thetic membranes, as indicated by Kasim et  al. (2014). 
Meanwhile, bacterial inoculation significantly reversed 
the negative effects of drought stress on the contents of 
chl-a and chl-b, especially in the seedlings treated with S. 
maltophilia. Cohen et al. (2015), suggested that the stim-
ulation of photosynthetic pigments and reduction in the 
MDA content in the drought-stressed Arabidopsis inocu-
lated with A. brasilense Sp 245 can be attributed to the 
augmented ABA content resulting from the association 
of the ABA produced in the drought-stressed plants, with 
the ABA- produced by the bacteria which might have 
prepared the plant to cope better with unfavorable envi-
ronmental conditions.

Proteins are the principal molecules responsible for 
energy production, structural organization, cell com-
munications, cell signaling, and cell division; therefore, 
plants reprogram their assembly to tolerate drought 
stress (Jha and Subramanian, 2018). In this study, some 
new stress protein bands were induced by drought 
stress with MM 138, 89, 47 and 25 KDa which were not 
detected in all of the inoculated-drought stressed seed-
lings. The band has 138  kDa might act as a member of 
HSP 100 and the unique function of this class is the reac-
tivation of aggregated proteins (Parsell andLindquist 
1993), helping to degrade irreversibly damaged polypep-
tides (Al-Whaibi, 2011) and facilitating the normal situ-
ation of the organism after severe stress (Gurley, 2000). 
The appeared 89 kDa band may function as HSP 90, that 
regulates protein folding (Efeoglu 2009), plays a key role 
in signal transduction, and helps in protein degradation 
and transferring (Park and Seo, 2015). Meanwhil, the 
appeared 47 kDa band may function as HSP 40 known to 
increase HSP 70 affinity for clients (Kampinga and Craig, 
2010). Moreover, the newly synthesized 25  kDa prob-
ably belongs to the wide ranged small heat shock pro-
teins (sHSPs) where their MM ranges from 15 to 42 kDa 
(Zhang et al. 2015), they could play an important role in 
the maintenance of membrane integrity under stress con-
ditions (Haq et  al. 2013). Bacterial inoculation resulted 
in the appearance of four new synthesized protein bands 
under drought stress with MM 125, 74, 51 and 26 kDa, all 
of which were not detected in the control or in the cor-
responding uninoculated-drought-stressed counterparts.
The obtained variation between the inoculated and uni-
noculated seedlings may assure that PGPB can modu-
late protein synthesis to harness the plant growth under 
drought stress.

Conclusions
By comparing the attained damage (the electrolytes’ 
leakage, and accumulation of MDA and  H2O2) with the 
generally elevated defenses (higher proline content and 
enhanced activities of CAT and POX enzymes) in the 
drought-stressed wheat seedlings, in the presence and 
absence of the PGPB, it denotes that- despite the highly 
activated defenses, the drought stress was extremely 
damaging for the uninoculated wheat seedlings, unlike 
the inoculated ones that had notably reduced damage in 
spite of their less enhanced but probably more efficient 
defenses that had saved more resources to maintain 
better growth. Therefore, it can be concluded that both 
Azospirillum brasilense NO40 and Stenotrophomonas 
maltophilia B11 were able to reduce the growth inhibi-
tion to some extent while they maintain a certain level 
of efficient protection against damage, in other words, 
they notably helped the wheat seedlings to reach a con-
siderable balance between survival and growth under 
drought stress.
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