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Abstract 

Background:  Drought stress is one of the major abiotic stresses that adversely affect rice production. Four rice geno‑
types, Giza177, IR64 (as sensitive genotypes) and Vandana, Orabi3 (as tolerant genotypes) were used to screen and 
characterize the soil microbes associated with each genotype under drought stress.

Results:  The soil microbes associated with the tolerant genotypes showed high drought tolerance and high levels 
of enzyme activity. The most drought-tolerant isolates were inoculated with the sensitive genotype Giza177 under 
drought conditions. Some morphological, biochemical and molecular responses of inoculated plants were estimated. 
Inoculated plants showed regulation of some growth and stress-related genes (COX1, AP2-EREBP, GRAM, NRAMP6, 
NAM, GST, DHN and three genes of expansin (EXP1, EXP2 and EXP3) under drought conditions. Expression profiling 
of these genes were highly induced in plants inoculated with 4E11 and were correlated with improved growth status 
under drought stress.

Conclusion:  Based on this, drought-tolerant plant growth-promoting rhizobacteria (PGPRs) were associated with 
the drought-tolerant genotype (Orabi 3). They were related to the significant increase in soil enzymes activities 
(dehydrogenase, nitrogenase, urease and alkaline phosphatase) in the rhizosphere of tolerant genotype. Inoculation 
the drought-sensitive genotype (Giza 177) with the most drought-tolerant isolates improved the tolerance status 
of the sensitive rice genotype and induced the expression of some growth and stress-responsive genes. AP2-EREBP, 
NRAMP6, DHN and all expansin genes (EXP1, EXP2 and EXP3) were the highly induced genes in inoculated plants with 
4E11 strain and the consortium of three selected strains under drought condition.

Keywords:  Rice, Drought stress, PGPRs inoculation, Rhizobacteria enzyme activities, MDA, Chlorophyll pigments, 
Gene expression, Stress-related genes
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Background
Rice is the main food for the majority of the population 
in developing countries. Water scarcity and drought are 
imminent threats to food security [1]. Water is consid-
ered as main factor in a rice plantation, subsequently 
food production requires this highly limited resource [2]. 
Water deficit causes great loss to crop production glob-
ally, thus being a major risk to sustainable agriculture [3]. 
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Over the last three decades, water resources have been 
severely affected by climate changes and that in turn has 
an influence on rice yield [4]. Plant growth-promoting 
rhizosphere (PGPR) is beneficial microbiomes associ-
ated with plants in their natural environment as endocel-
lular and intracellular microorganisms [5]. Association 
of PGPR with plant tissues can develop plant perfor-
mance under different stresses by different mechanisms 
[6, 7] consequently, it can improve yield both directly 
and indirectly [8]. Planned usage of PGPR could be one 
of the developing strategies used for water conservation 
[7]. It can directly or indirectly contribute to the growth 
and development of plants through the production and 
release of various regulatory chemicals near the rhizos-
phere [9]. PGPRs can also directly stimulate micro-nutri-
ents uptake and influence phytohormones homeostasis, 
or indirectly enhance the plant defense system toward 
biotic and/or abiotic stress and improve soil structure 
and texture [7, 10, 11]. Plant species, growth stage, inten-
sity of stress and duration are factors that can detect the 
role of PGPR in alleviation of drought stress tolerance 
[12]. Increasing the nutrient availability in the rhizos-
phere is the direct way of these microorganisms improv-
ing plant growth where, it has the ability to produce 
phytohormones, exopolysaccharides and siderophore. It 
also can help indirectly by protecting plants from patho-
gen attack and improve soil texture and structure [12].

The aim of this study was to screen isolated microbes 
associated with both tolerant and sensitive rice geno-
types under normal and drought stress conditions in 
order to state the association of drought-tolerant PGPRs 
and drought-tolerant genotypes. Recent study planned to 
investigate the role of inoculation with the most tolerant 
isolated PGPRs in the acquisition of drought tolerance in 
sensitive genotype. Consideration of the enzyme activ-
ity of PGPRs and their role in inducing gene expression 
of some growth and stress-related genes will be helpful 
in understanding the role of PGRPs in improving plant 
growth under water stress condition.

Methods
Genotypes and experimental design
Four rice (Oryza sativa L.) genotypes were used in this 
investigation. Orabi3 and Vandana genotypes were used 
as tolerant genotypes while IR64 and Giza177 genotypes 
as sensitive genotypes. Seeds were received from Rice 
Research and Training Center (RRTC) at Kafr El sheikh-
Egypt, the genotype Orabi3 seeds obtained by Prof. Dr. 
Said Soliman, Genetics Dept., Fac. of Agric., Zagazig 
University, Egypt. The experiment was conducted under 
the farm condition at the Faculty of Agriculture, Tanta 
University, Egypt, at latitude 30.826401977769848, and 
longitude 30.99560238465692. The mean of temperature 

and humidity were ranged from 25 to 31 ℃ and 49 to 
59%, respectively, with 0 mm precipitation during experi-
ment period. The germinated seeds were then placed in 
pots (25 cm diameter and 35 cm height). Four seedlings 
per pot were maintained after seven days from planting, 
the pots were irrigated up to water holding capacity of 
soil. The water stress treatment began 10 days after plant-
ing. Soil water content (SWC) was calculated according 
to Cha-um et al. [13]. Irrigation water had pH 7.41 and 
EC 0.42 ds/m. The soil used for our experiments had pH 
7.94, EC 3.73 ds/m, 2.28% organic matter, nitrogen of 
477 mg/kg, phosphorus of 8.31 mg/kg and potassium of 
604.53 mg/kg.

Collection of rhizosphere from soil and plant root samples
Samples of soil rhizosphere were collected from the soil 
adhering to the roots. After 75  days from the time of 
planting, two plants were carefully uprooted individually 
and shaken into a sterile polythene bag. In another ster-
ile polythene bag, the free roots of the rice plants were 
cut off at the base of each stem to obtain the root sam-
ple. Microbiological activity and distribution were stabi-
lized during soil sampling and handling by keeping soil 
samples at 4 ℃. Plate count technique was applied using 
a nutrient agar medium [14] and dextrose–rose Bengal 
agar [15] to enumerate total bacteria and fungi count in 
respective order. Total actinomycetes were determined 
by the standard protocol [16]. Isolation and characteriza-
tion of endophytic bacteria were carried out according to 
Woomer [17]. Different serial dilutions of sterilized mac-
erated tissue were made up to 10–6 dilution and appro-
priate dilutions (100µL) were used for plated in triplicate 
and placed on different medium, Tryptic soy broth (TSB), 
yeast extract mannitol agar (YMA) [18], nutrient agar 
(NA) and starch casein agar media (SCA) [16]. After 
2–3  days of incubation at 29 ± 1  °C, the independent 
colonies showed distinct colony morphology were picked 
and sampled again over the surface of their specific 
media to ensure purity of the culture. Further, bacterial 
isolates were also preserved on specific media slants at 
4 °C for future use.

Enzymes activities
Measuring the activities of enzymes related to microbial 
activities were carried out in 50 g of soil. These enzymes 
included dehydrogenase, N cycling enzymes. Urease and 
nitrogenase, as well as P cycling enzyme: alkaline phos-
phatase. Each experiment was performed in triplicates.

Dehydrogenase activity was estimated as illustrated 
by Casida et  al. [19], where dehydrogenase activity was 
expressed as (µg TPF.g−1 DW. h−1).

Urease activity was calculated by determination of the 
NH4+ released in the hydrolysis reaction after incubation 
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of samples with urea (1%) as described by Tabatabai [20]. 
and expressed as (µmol NH4+g−1 h−1).

Nitrogen fixation: Nitrogenase activity in the rhizo-
sphere was evaluated by the acetylene reduction as 
described by Somasegaran and Hoben [21]. Nitrogenase 
activity was expressed as (nmol C2H4 g−1 h−1).

Alkaline phosphatase was assessed as described 
in Tabatabai and Bremner [22] and its activity was 
expressed as (mg pNP g soil−1 h −1).

Characterization of endophytic bacteria
Screening of drought‑tolerant bacteria
Tryptic soya broth (TSB) with different water potentials 
(−0.73, −1.0, −1.5, −2.0, MPa) was used to screen the 
isolates for drought stress tolerance. Appropriate concen-
trations of polyethylene glycol (PEG) 6000 were added 
to induce the different water potentials [23] Media were 
inoculated with the overnight-grown broth cultures with 
a population of around 1.5 × 107  CFU. ml−1 and incu-
bated at 28 °C for 24 h, under shaking conditions. Optical 
Density (OD) values at 600 nm were used to determine 
the growth state of the isolates at various stress levels. 
Isolates that showed high optical density, were desig-
nated as more drought tolerant. Values of drought toler-
ance OD was determined as: highly sensitive OD < 0.3; 
sensitive OD = 0.3−0.4; tolerant OD = 0.4−0.5; highly 
tolerant OD > 0.5 [24].

Characterization of highly tolerant endophytic bacteria 
isolates for plant growth promotional (PGP) traits
IAA production  Salkowski’s reagent was used for quan-
tity detection of IAA by colorimetric measurement at 
530 nm as described by Acuña et al. [25]. Uninoculated 
broth was used as negative controls. The measurements 
were run in triplicate for each individual bacterium. Val-
ues are expressed in μg mL−1.

Test of exopolysaccharides (EPS) production  Three-day-
old cultures of the highly tolerant isolates were analyzed 
for their ability to produce EPS. Optical density of each 
EPS sample was measured at a wavelength of 490  nm 
according to Dubois et al. [26]. The EPS production was 
expressed as (mg total carbohydrate. mg−1 protein).

Phosphate solubilization test  Test of phosphate solubili-
zation of the selected isolates was performed by method 
of [27].

Identification of isolated strains by 16S rRNA gene 
sequencing
DNA of the bacterial isolates was extracted by Sarkosyl 
method [28]. Spectrophotometric examination was con-
ducted for the determination of DNA concentration. 

1% agarose gels stained with RedSafe DNA Stain was 
also used for the optical examination of DNA. The PCR 
amplification of the 16S rRNA gene was accomplished 
using Applied Biosystems 2720 thermal cycler (ABI, Fos-
ter City, USA). For 16S rRNA gene amplification, forward 
primer (27F: 5′-AGA​GTT​TGATCMTGG​CTC​AG-3′) 
and reverse primer 1492R: 5′-TAC​GGY​TAC​CTT​GTT​
ACG​ACTT-3′ were used [29]. The PCR reaction mixture 
(25 μL) was composed of: 50 ng of isolated DNA, 2 μL of 
primers mix (10 μM of each primer), 1.5 μL of (25 mM) 
MgCl2, 5  μL of (5X) PCR buffer, 0.5  μL of (10  mM) 
dNTPs, 0.5 μL of (50 unit/μL) GoTaq® Flexi DNA Poly-
merase, Promega, USA, Cat. No. M8297 and the final 
volume was brought to 25  μL by using nuclease free 
water. The protocol for PCR amplification started with 
initial denaturation for 3 min at 95 °C, then 35 cycles of 
(denaturation for 30 s at 95 °C, annealing for 30 s at 53 °C, 
extension for 90  s at 72  °C), followed by a final exten-
sion step for 7 min at 72 °C. 1% agarose gels stained with 
RedSafe DNA Stain was used to resolve PCR products. 
QIAquick PCR purification kit (QIAgen Inc., USA) was 
used to purify PCR products following manufacturer’s 
protocol. Purified PCR products were sequenced with 
forward 16S rRNA primer using ABI 3730XL genetic 
analyzer (Applied Biosystems, Foster City, USA) at Mac-
rogene, Inc., (Seoul, South Korea). The Partial 16S rDNA 
gene sequences of 16S rRNA were BLAST searched with 
NCBI database [30]. Phylogenetic analysis of partial gene 
sequences was carried out using the MEGA7.0 software 
[31].

Bacterial inoculation experiment
Three plant growth-promoting bacterial strains: Bacillus 
megaterium (4E3), Pseudomonas azotoformans (3E9) and 
Rhizobium sp (4E11) were isolated from roots of drought-
tolerant rice genotypes. Isolated strains were grown indi-
vidually in a nutrient broth medium in flasks incubated 
at 28 ºC with shaking for 48 h until the late exponential 
phase. Isolated strains were used to inoculate drought-
sensitive genotype (Giza177). Giza 177 is a popular rice 
genotype in Egypt, but showed high sensitivity under 
drought conditions. The germinated seeds separated 
into treated and non-treated. The treated seeds were 
soaked with bacterial strains individually using 4E3, 3E9 
and 4E11 and with the mixture of (4E3 + 3E9 + 4E11) in 
Petri dish for 6 h. The germinated seeds were placed in 
pots content about 2 kg soil and watered to field capac-
ity before planting the seeds. At time of planting seeds in 
pots the bacterial inoculation were given 5  mL per pot. 
After 10 days, the first pots without inoculated were irri-
gated up to water holding capacity of soil (control treat-
ment), the second pots without inoculated was subjected 
for drought stress by withholding (stress treatment). All 
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other pots were subjected to drought stress by withhold-
ing and inoculated with isolated strains individually or in 
consortium stat.

Determination the responses of sensitive genotype 
under inoculation conditions
Morphological and biochemical responses
Growth state of sensitive genotype was determined as 
changes in shoot and root length, fresh and dry weights, 
Membrane stability as rates of lipid peroxidation and 
membrane leakage. The concentration of thiobarbituric 
acid (TBA) reactive products equated with malondial-
dehyde (MDA) was evaluated as indicator to lipid per-
oxidation, as described by Zedan and Omar [32]. The 
leakage rate of leaves (EL) was determined as described 
by [33]. Photosynthesis pigments (total chlorophyll and 
carotenoids) content were determined as described by 
Arnon [34]. Changes in protein profiling pattern were 
detected using SDS-polyacrelymide gel electrophoreses 
according to Laemmli [35]. Crude total soluble proteins 
were extracted from seedling leaves according to Dure 
et al. [36] and the concentration of extracted protein was 
determined as described by Bradford [37]. Samples were 
standardized on protein amount depending on protein 
concentration (15  μg proteins were loaded per lane on 
the gel. BLUeye pre-stained molecular protein Ladder 
(GeneDirex) was used.

Semi‑quantitative RT‑PCR
To determine changes in gene expression, EZ-10 Spin 
Column Plant RNA Mini-Preps Kit (BIO BASIC CAN-
ADA INC) was used for total RNA extraction from 
rice seedlings. Three µg of DNase free total RNA was 
used for cDNA synthesis in 20 µL reaction mix using 
GoScript ™ reverse transcription Kit using Oligo (dT) 

15primer. Actin cDNA (accession no. X16280) used as 
an internal constitutively expressed control (reference 
gene) using gene specific primers in PCR (Table  1). 
PCR reaction was carried out using 1  μL cDNA as a 
template in a 25 µL reaction volume according to the 
instructions supporting the GoTaq® Green master Mix, 
2X (Promega USA). The general PCR program was; 
94  °C for 5  min, followed by cycle of 94  °C for 1  min, 
54−56 °C for 1 min, and 72 °C for 1 min, and last exten-
sion step of 72 °C for 7 min.

Real‑time quantitative of gene expression with real‑time PCR
Real-time PCR (RT-qPCR) analysis was carried out to 
confirm the induced changes in gene expression. Total 
RNA was extracted from 0.1  g of ground rice seedlings 
using IQeasy™ plus plant extraction kit according to the 
attached protocol. RNA quantity and purity were deter-
mined using Nano drop spectrophotometer (BioDrop 
µLITE.UK). RNA samples with 260/280  nm ratio more 
than 1.9 was considered as acceptable for RT-qPCR 
reactions. RNA quality and integrity were confirmed via 
electrophoresis on a 1.0% agarose gel. One μg of total 
RNA were used for the single-stranded cDNAs synthe-
sis in a 20-µL reaction mix using oligo (dT) primer and 
the HiSenScript™ RH cDNA synthesis kit (iNtRON Bio-
technology). RT-qPCR reactions were conducted using 
Topreal™ qPCR 2X pre Mix SYPER Green with low ROX 
(enzynomics- Korea) in 20 μL reaction volume. The reac-
tions were run on a (Applied Biosystem™ Step One Plus™ 
Real Time PCR system) using rice actin gene (X16280) as 
an internal control. All tests on samples were conducted 
in three biological replicates using the same genes spe-
cific primers as sq-RTPCR (Table 1).

Table 1  Primer sequences of studied gene used in semi-quantitative RT-PCR

Gene name Accession no. Sequence (5′ to 3′)

Forward primer Reverse primer

Rice-DHN XM_015762124 CTC​CAG​CTC​ATC​CTC​TGA​ CTC​CAG​CTC​ATC​CTC​TGA​

Rice-GST XM_015759043 CCT​ACG​TCA​CCA​GAG​TGA​A TCT​TGT​TGC​GGA​GAT​CCT​

Rice-NAM XM_015760382 GGA​GTC​CAT​GGA​ATT​GGA​AG GGC​ATG​CCA​AGA​GGA​TTT​

Rice-GRAM XM_015772803 GCC​CGC​CTC​CAA​GAA​TAC​A TCT​CCA​AAC​CTC​TTC​CCC​ATCT​

Rice-NRAMP6 XM_015792141 CTA​CTT​CCT​CAG​CAC​AAA​GC TTC​CTG​AAC​GTC​AGG​TAG​AT

Rice-COX1 Os12g0561000 CTC​CTA​GTC​GGC​CTG​ATT​TC CAT​GAG​CAG​TAG​CAT​CCT​TGA​

Rice-AP2-EREBP OsIBCD031146 AGG​TAA​AGC​CCG​AGC​AAT​TC GCA​TCG​GTG​AAT​GGT​GGT​ATAA​

Exp1 AF394551.1 GAC​CAT​CAC​CGG​GAC​CAA​C GTA​GAT​GCC​GAT​CTG​GAG​CC

Exp2 XM_015773713.2 GAA​GAC​ACC​GAG​CAT​TCT​GC AGG​AGA​ATG​ACT​GGC​CGA​AC

Exp3- AF39494949.1 TCA​ACG​GGC​ACG​ACT​ACT​TC CCC​CAG​TTG​TGC​GCCAT​

Actin X16280 CAT​GCT​ATC​CCT​CGT​CTC​GACCT​ CGC​ACT​TCA​TGA​TGG​AGT​TGTAT​
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Statistical analysis
The results are presented as means ± standard errors 
(n = 3). The data were analyzed by two-way ANOVA 
using IBM® SPSS® Statistics program version 22 (SPSS 
inc., il, USA) for windows at P < 0.05 level to test the 
effects of irrigation and dry regime and genotype, as well 
as their interactions according to the following model:

where u is the overall mean, Ii is the fixed effect of ith irri-
gation and dry regime, Gj is the fixed effect of jth plant 
genotype, IGij is the interaction effect and Eijk is the ran-
dom error. Mean were tested for significant differences 
using Duncan’s multiple range test.

Results
Soil biological activities
Population density
Characterization of isolated microbes indicated that 
drought stress might have both positive and negative 
effects on the diversity of microorganisms in the short 
term. Bacterial abundance in the rhizosphere varied 
according to the rice genotype. Data shown in Table  2 
revealed that the highest abundance of bacteria was 
found in the rhizosphere of tolerant genotype (Orabi3) 
with 20.47 ± 1.97 × 106  CFU  g–1 FW) while the lowest 
bacterial count was recorded in a sensitive one (IR64) 
with 17.00 ± 0.62 × 106 (cells g–1FW). All the rhizos-
phere soil samples consistently showed a significantly 
decrease in bacterial counts after they were subjected 

Yijk = u + Ii + Gj + IGij + Eijk,

to drought stress. The percentage of that decrease 
ranged from 9.3% to 20% depending on rice genotype. 
The highest reduction rate was recorded in IR64 geno-
type. Rhizosphere fungal counts showed the same pat-
tern of growth response to drought stress. The lowest 
fungal count was recorded with IR64 genotype with 
2.67 ± 0.81 × 106  CFU  g–1 FW). In contrast, drought 
has both positive and negative effect on actinomycetes 
counts. Under stress conditions significant increase in 
actinomycetes populations was recorded with Vandana 
genotype with 0.743 ± 0.085 × 106  CFU  g−1 FW, while 
the lowest population number was recorded with IR64 
genotype 0.330 ± 0.076 × 106 CFU  g−1 FW. A significant 
decrease in bacterial and fungal counts was observed in 
the rhizosphere of all genotype after they were subjected 
to drought stress. Actinomycetes were the most resist-
ance group to drought stress.

Soil enzymatic activities
Dehydrogenase activity (DHA)  Obtained results 
showed the effect of water deficit on soil DHA activity 
(Table  3) where significant differences (P ≤ 0.05) existed 
as the effects of drought on soil DHA activity. Under 
stressed conditions Orabi3 genotype recorded the high-
est mean value for soil DHA activity (98.21 ± 5.43 µg TPF 
g−1 DW h−1). This was followed by G177 genotype with a 
mean value of 83.06 ± 9.41 µg TPF g−1 DW h−1, which was 
not significantly different from Vandana genotype with a 
mean value of 77.30 ± 11.43 µg TPF g−1DW h−1. For IR64 
genotype, the soil DHA activity value was recorded as the 

Table 2  Effect of drought stress on total bacterial, fungal and actinomycetes counts (colony forming unit) in rhizosphere of four rice 
genotypes

Different letters means significant diffrence, small letters point to the significant between treatments, capital letterspoint to the significant between means

NS means not significant

Treatments Genotype Measurements

Total bacteria Total fungus Total actinomycetes

CFU/ g soil 106 CFU/ g soil CFU/ g soil 106

Control Orabi3 20.47 ± 1.97a 3.20 ± 0.72a 0.497 ± 0.060a

Vandana 17.40 ± 0.92b 3.57 ± 0.68a 0.563 ± 0.093a

IR64 17.00 ± 0.62b 2.67 ± 0.81a 0.430 ± 0.044b

G177 19.80 ± 2.00a 3.40 ± 0.66a 0.397 ± 0.059b

Mean ± SD 18.67 ± 2.02A 3.21 ± 0.71A 0.472 ± 0.088A

Drought (stress) Orabi3 18.57 ± 1.05a 2.83 ± 0.55a 0.463 ± 0.025b

Vandana 15.43 ± 0.78ab 2.63 ± 0.59a 0.743 ± 0.085a

IR64 14.40 ± 0.82b 1.77 ± 0.45a 0.330 ± 0.076c

G177 17.27 ± 1.36a 2.97 ± 0.32a 0.347 ± 0.070c

Mean ± SD 16.42 ± 1.90B 2.55 ± 0.64B 0.471 ± 0.182A

Two-way ANOVA P-values

 Treatments 0.011 0.036 0.820NS

 Genotype 0.0020 0.1710NS 0.0000

 Interaction (treatments × genotype) 0.000 0.008 0.000
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lowest mean value (59.85 ± 5 µg TPF g−1 DW.h−1) for soil 
DHA activity which differed significantly (P ≤ 0.05) from 
other genotypes.

Nitrogen cycling enzyme (urease and  nitrogenase)  Data 
shown in Table 3 indicated that the observed decrease in 
urease activities under drought stress in all studied geno-
types was significant. Orabi3 recorded high values of ure-
ase activities under drought stress compared with other 
studied genotypes. The lowest urease activity was recorded 
with IR64 genotype (447.56 ± 14.48  µmol  N-NH3  g−1 
soil  h−1) this value was not significantly different from 
other genotypes’ values. On the other hand, under 
drought stress, low nitrogen-fixing activity was obtained. 
The highest nitrogenase activity was recorded with Orabi3 
genotype (5.65 ± 0.41 n mole C2H4 g−1soil  h−1) followed 
by Vandana (4.14 ± 0.50 n mole C2H4  g−1 soil h−1). The 
lowest values were recorded with G177 and IR64 geno-
types with 3.09 ± 0.82, 2.20 ± 0.91 n mole C2H4 g−1soil 
h−1, respectively (Table 3). Therefore, it can be suggested 
that the rice genotype significantly (P ≤ 0.05) affected the 
soil nitrogenase activity.

Alkaline phosphatase activity  The results of soil alka-
line phosphatase activity (Table  3) showed that the 
drought treatment did not affect soil phosphatase activ-
ity. The enzyme activity is clearly influenced by the rice 
genotype. Under stressed conditions, the highest alkaline 

phosphatase value was recorded with Orabi3 genotype 
(0.48 ± 0.01  mg pNP g−1 soil h−1) which did not differ 
significantly from Vandana genotype with 0.44 ± 0.04 mg 
pNP g−1 soil h−1, IR64 genotype recorded the lowest alka-
line phosphatase value with 0.28 ± 0.03 mg pNP g−1  soil 
h−1 which was not significantly different from the G177 
genotype (0.30 ± 0.01 mg pNP g−1soil h−1).

Isolation and screening of drought‑tolerant endophytic 
bacteria
Results regarding drought tolerance examined at differ-
ent drought levels revealed that the isolates had variable 
drought tolerance potential. The overall number of bacte-
rial cells decreased with increased in osmotic pressure in 
growth media. Screening of endophytic bacteria revealed 
that a total 106 bacterial strains that are observed start-
ing at −0.73  MPa pressure were classified into four 
grouped categories. The first category included 47 iso-
lates (44.34%) that were listed as very sensitive because 
of the decrease in osmotic pressure. The OD value of 
this group was decreased to < 0.3 at the osmotic pres-
sure − 2.0  MPa; whereas, 13 isolates (12.27%) that have 
OD value between 0.310 and 0.368 were included in the 
sensitive class. The third category including 22 isolates 
(20.75%) which have OD value between 0.412 and 0.492 
at the osmotic pressure − 2.0  MPa were classified as 
a tolerant class. Out of 106 isolated strains only 24 iso-
lates (22.64%) were able to grown on all PEG-6000 with 

Table 3  Soil enzymatic activities: dehydrogenase, nitrogenase, urease and alkaline phosphatase in rhizosphere of four rice genotypes 
as affected with drought stress

Different letters means significant diffrence, small letters point to the significant between treatments, capital letterspoint to the significant between means

NS means not significant

Treatments Genotype Measurements

Dehydrogenase Nitrogenase Urease Alkaline

μgTPF g−1 soil day −1 n mole C2H4 g1 soil h−1 µmol N-NH3 g−1 soil h−1 mg pNP g−1 soil h−1

Control Orabi3 117.10 ± 6.08a 7.75 ± 0.55a 610.29 ± 2.78a 0.54 ± 0.02a

Vandana 89.88 ± 6.80bc 5.92 ± 0.83b 599.45 ± 9.60a 0.45 ± 0.05b

IR64 88.97 ± 4.36bc 3.45 ± 0.09c 546.36 ± 8.00b 0.31 ± 0.01c

G177 92.81 ± 3.79b 4.26 ± 0.89c 590.29 ± 7.46a 0.33 ± 0.04c

Mean ± SD 97.19 ± 12.94A 5.35 ± 1.82A 586.59 ± 26.14A 0.41 ± 0.10A

Drought (stress) Orabi3 98.21 ± 5.43a 5.65 ± 0.41a 487.56 ± 24.46a 0.48 ± 0.01a

Vandana 77.30 ± 11.43b 4.14 ± 0.50b 461.47 ± 36.95b 0.44 ± 0.04a

IR64 59.85c 2.20 ± 0.91c 447.56 ± 14.48b 0.28 ± 0.03b

G177 83.06 ± 9.41b 3.09 ± 0.82c 454.00 ± 25.16b 0.30 ± 0.01b

Mean ± SD 79.61 ± 16.03B 3.77 ± 1.47B 462.65 ± 27.61B 0.38 ± 0.09A

Two-way ANOVA P-values

 Treatments 0.005 0.045 0.000 0.678NS

 Genotype 0.000 0.000 0.009 0.000

 Interaction (treatments × genotype) 0.000 0.000 0.000 0.000
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OD value >  5.0 unless at − 2.0  MPa and were selected 
as the highly tolerant isolates. Data presented in (Fig. 1) 
showed that, sensitive isolates were the most common 
with both tolerant and sensitive genotypes. The IR64 
genotype recorded the highest value in the number of 
sensitive isolates. While the high tolerant isolates were 

associated with both of Orabi3 and Vandana genotypes 
with a significant increase compared to IR64 and G177 
genotypes. Only the highly tolerant selected strains were 
subjected for further characterization through in  vitro 
plant growth-promoting test. On the basis of morpho-
logical studies and microscopic examination of the 24 
highly tolerant isolates the main morphological charac-
ter; shape, color, elevation, surface and pigmentation are 
shown in Additional file 1: Table S1, also other characters 
as cell shape, motility, gram reaction and spore formation 
are shown in Additional file 1: Table S2.

Analysis of drought‑tolerant isolate for IAA and EPS 
production and phosphate solubilization
All 24 drought-tolerant endophytic bacterial isolates were 
tested for qualitative IAA and EPS production. Isolates 
producing a pink color reaction with Salkowski’s rea-
gent indicated their ability to produce IAA. Data shown 
in (Table 4) indicated that out of 24 endophytic bacterial 
isolates, 16 isolates produced significant amounts of IAA. 
Isolates, 3E9 and 4E3 tended to produce high amounts 
of IAA in the range of 44.60–46.60 μg mL−1 In the pres-
ence of tryptophan, significantly high amounts of IAA 

Fig. 1  Distribution of endophytic bacteria isolated from all studied 
genotypes according to their drought tolerance categories

Table 4  Production of qualitative IAA and exopolysaccharides in the selected 24 endophytic bacterial isolates

Different letters means significant diffrence, small letters point to the significant between treatments, capital letters point to the significant between means

NS means not significant

No. Endophytic bacterial isolates IAA(µg mL−1) without 
tryptophan

IAA(µg mL−1) with tryptophan EPS concentration 
(mg mg−1 protein)

1 1E3 5.80 ± 0.04a 20.33 ± 0.58c 201.42 ± 6.7bc

2 1E4 4.20 ± 0.02cde 15.50 ± 0.51e 75.91 ± 7.3f

3 1E7 4.40 ± 0.11bc 14.40 ± 0.28f 227.33 ± 10.4b

4 1E8 4.30 ± 0.17 cd 16.23 ± 0.13e -

5 2E2 4.30 ± 0.23 cd 11.40 ± 0.17 h -

6 2E3 4.20 ± 0.17cde 10.22 ± 0.04j -

7 2E6 4.80 ± 0.05b 17.50 ± 0.28d 111.14 ± 4.4de

8 2E11 4.40 ± 0.17dc 10.23 ± 0.13j 88.30 ± 6.4ef

9 3E5 4.60 ± 0.23bc 12.30 ± 0.40 g -

10 3E6 4.40 ± 0.17bc 11.20 ± 0.23i -

11 3E8 4.50 ± 0.11bc 8.88 ± 0.18 k -

12 3E9 4.40 ± 0.05bc 46.60 ± 0.23a 190.80 ± 7.2c

13 3E10 3.80 ± 0.23e 9.55 ± 0.28 k -

14 3E11 3.90 ± 0.17de 11.30 ± 0.23i 138.70 ± 7.8d

15 3E20 4.50 ± 0.05bc 12.20 ± 0.23gh -

16 4E1 4.20 ± 0.11cde – -

17 4E3 4.49 ± 0.06bc 44.9 ± 0.17b 98.57 ± 3.8ef

18 4E4 – – -

19 4E7 – – -

20 4E8 – – -

21 4E10 – – -

22 4E11 – – 324.30 ± 19.7a

23 4E18 – – -

24 4E24 – – -
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production was observed in 3E9 (46.60 μg mL−1) isolated 
from Vandana genotype followed by 4E3 (44.9 μg mL−1) 
isolated from Orabi3 genotype. In contrast, 1E3 and 
2E6 were found to be a medium producer of IAA (20.33 
and 17.50  µg  mL−1) in comparison to the weak pro-
ducer isolates 1E4, 1E7, 1E8, 2E2, 2E3, 2E11, 3E5, 3E6, 
3E8, 3E10, 3E11 and 3E20; whereas, in the absence of 
tryptophan, 1E3 isolated from G177 produced signifi-
cantly high amount of IAA (5.8 μg ml−1) followed by 2E6 
(4.8 μg mL−1) isolated from IR64 (Table 4).

IAA is generally considered to be the most important 
native auxin. It may also function as an important signal 
molecule in the regulation of plant development. In our 
results, only 16 isolates out of 24 isolates were positive 
for IAA production (Table 4).

Drought-tolerant isolates were examined for their 
ability to produce EPS under control and drought stress 
conditions. Among 24 endophytic bacterial isolates, 
1E3, 1E7, 2E3, 2E6, 2E11, 3E9, 3E11, 4E1 and 4E11 
tended to produce high amounts of EPS (Table  4). Iso-
late 4E11 from Orabi3 genotype was the highest EPS 
producer (324.30  mg  mg−1 protein) followed by 1E7 
(227.33 mg mg−1 protein), 1E3 (201.42 mg mg−1 protein 
isolated from G177 genotype and 3E9 (190.80 mg  mg−1 
protein) isolated from Vandana genotype (Table 4) under 
level of metric stress.

The test of relative effectiveness of isolates in phosphate 
solubilization according to Mehta and Nautiyal [78] 
revealed that, among 24 drought-tolerant isolates, only 9 
isolates displayed the phosphate-solubilizing activity by 
inducing clear zones on Pikovskaya’s agar plates. Data in 
Table 5 also revealed that the isolates 1E3, 1E4, 1E7, 1E8, 
2E6, 3E9, 4E3, 4E10 and 4E11 have a high efficiency to 
dissolve phosphate. Isolate 4E3, which was isolated from 
Orabi3 genotype, was the most effective isolate (Table 5).

Identification of endophytic isolates
The nine most drought-tolerant endophytic isolates 
were tested for their taxonomically related microor-
ganisms based on the 16S r DNA gene sequences to get 
more information about their taxonomical state. The 
closely aligned organisms according to the sequenced 
fragment and their accession no. are shown in Table 6.

Inoculation experiment
The inoculation experiment was designed according to 
the characterization analysis of all isolates. Three plant 
growth-promoting bacterial strains: Bacillus mega-
terium (4E3), Pseudomonas azotoformans (3E9) and 
Rhizobium sp. (4E11) which are isolated from roots of 
drought-tolerant rice genotypes (Orabi3) were used. 
These strains showed good values in their PGP traits. 

Table 5  Efficiency of the most nine drought tolerance 
endophytic isolates in plate assay for Pi solubilizing (PSI)

Different letters means significant diffrence, small letters point to the significant 
between treatments, capital letters point to the significant between means

NS means not significant

Strain no. Solubilization 
index (PSI)

1E3 2.24 ± .06c

1E4 2.12 ± .005c

1E7 2.60 ± .08b

1E8 1.70 ± .05d

2E6 1.50 ± .08e

3E9 2.17 ± .05c

4E3 2.85 ± .02a

4E10 1.30 ± .08f

4E11 2.70 ± .05ab

Table 6  Identification of the nine selected endophytic isolates 
to taxonomically similar microorganisms based on the 16S rDNA 
gene sequences

Sample code Nearest match Similarity (%) Accession no.

1E7 Bacillus subtilis 97.58 NR_112686.1

1E3 Bacillus sp. 100.00 KR999938.1

3E9 Pseudomonas azotofor-
mans

99 MK453363.1

2E6 Bacillus pumilus 95.54 MK652854.1

1E4 Bacillus megaterium 98 KY476347.1

4E11 Rhizobium sp. 89.53 EU741078.1

4E10 Chryseobacterium sp. 73.78 KF542914.1

4E3 Bacillus megaterium 97.39 KY476347.1

1E8 Bacillus sp. 97.18 AB920835.1

Fig. 2  Changes in shoot growth and root lengths and spread of 
Giza 177 plants under all experimental conditions: control, drought 
stress (stress) and inoculated with individual selected PGPRs (4E3, 3E9 
and 4E11) and the consortium of three selected strains (Mix) under 
drought stress
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Inoculation plants of the sensitive genotype (Giza 177) 
with these selected strains caused a series of changes in 
its performance under drought stress conditions. Fig-
ure 2 illustrates the general changes in growth state as 
shoot growth and root lengths, and spread.

Plant growth parameters
Changes in shoot and root growth we looked at as 
changes in shoots and roots lengths and fresh and dry 
weights of Giza 177 plants under three conditions: con-
trol, drought stress and inoculated with PGPRs under 
drought stress are shown in Fig. 3. Under control treat-
ment, shoot length recorded the highest value. Other 
treatments showed a significant decrease in shoot length 
compared with the control and the most affected were 
drought stress treated and least affected were the treated 
inoculated with consortium strains (Fig. 3A).

Treatment with consortium strains showed the high-
est value in the length of root compared to the control 
(Fig. 3B). Other treatments showed significant decreased 
in the length of root, except 4E11 treatment which 
showed a non-significant decrease in root length. Deter-
mination of fresh and dry weights showed that plants 
under control treatment showed the highest value in 
shoot’s FW and DW while other treatment showed a sig-
nificant decreased in FW and DW value compared with 
the control.

The highest effect was noted under stress treatment, 
while inoculated treatments were less affected (Fig.  3C, 
D). Changes in root’s FW and DW are shown in (Fig. 3E 
and F). Figure 3E shows changes in root FW, treatment 
with mix strains showing a non-significant increase in 
FW as compared to the control, while other treatments 
showed a significant decrease in FW as compared to the 
control. The most FW values affected were under stress 
treatment, while treatments inoculated with strains 4E3, 
3E9 and 4E11 were less affected. The root DW shown in 
Fig. 3F revealed that treatment with mix strains showed 
highest values in DW with a non-significant increase 
compared with the control, while treatments inoculated 
with strain E11 showed non-significant decrease in DW 
compared with the control. On the other hand, both the 
stress treatments and inoculated treatments with strains 
4E3 and 3E9 showed a significant decreased in DW com-
pared with the control and the most affected were stress 
treatment while inoculated treatments with strains 4E3 
and 3E9 were least affected. The inoculation effect of our 
isolated strains had a notably positive effect on growth 
measurements such as fresh and dry weights compared 
to uninoculated treatment.

Changes in membrane stability and photosynthesis pigments
Changes in membrane stability as determined from the 
rate of electrolyte leakage (EL) and MDA content are 
shown in Fig. 4A, B. Stress treatment induced the highest 
values of MDA content and EL with a significant increase 
compared with the control. All inoculated treatments 
showed a significant increase at MDA (Fig.  4A) and EL 
(Fig. 4B) values comparing with control treatment but to 
a lesser extent than the stress treatment, except inocu-
lated treatment with consortium strains which showed a 
non-significant increase in EL value compared with the 
control treatment. PGPR enhances the stability of cell 
membranes and improves plants performance under 
water-deficit condition.

The effect of inoculating sensitive plants with drought-
tolerant strains (4E3, 3E9 and 4E11) on photosynthesis 
pigments are estimated by changes in total chlorophyll 
and carotenoids contents (Fig.  4C). A significant reduc-
tion in total chlorophyll and carotenoid contents was 
found with stress treatment. Majority of inoculated treat-
ments showed significant improvement in total chloro-
phyll and carotenoid contents over control treatment. 
The highest value of total chlorophyll was recorded in 
plants inoculated with 4E11 isolate with a significant 
increase over the control, while the lowest value for 
carotenoid was recorded in this treatment as it was sig-
nificantly low (Fig. 4C).

Analysis of total protein
Electrophoresis analysis of total proteins fractions from 
leaves of all treated plants showed a series of changes in 
protein pattern under experimental conditions (Fig.  5). 
These changes included an increase in the expression 
(as increasing in bands volume and darkness) of some 
protein bands under stress and inoculated treatment 
compared with the control. Inoculated treatment with 
the three strains consortium showed a reduction in the 
expression of protein bands with low molecular weight 
of approximately 25–35 kDa; this change was similar to 
the control. Other changes in protein pattern were in 
the expression of new protein bands with low molecular 
weight of approximately (20–25 KDa) under stress treat-
ment and both of the inoculated treatment with 4E3 and 
3E9 while this new protein bands were less pronounced 
with the treatment of 4E11 and disappeared again under 
the three strains consortium treatment.

Semi‑quantitative analysis (sqRT‑PCR)
The applied sqRT-PCR analysis of some growth and 
stress-responsive genes: cytochrome c oxidase subunit 
1 (COX1), glucosyltransferases, Rab-like GTPase activa-
tors, APETALA2-ethylene responsive element binding 
protein (AP2-EREBP), myotubularin (GRAM), natural 
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Fig. 3  Changes of shoot length (A), root length (B), shoot FW (C), shoot DW (D) root FW (E) and root DW (F) of Giza 177 genotype PGPRs under all 
experimental conditions: control, drought stress (stress) and inoculated with individual selected PGPRs (E3, E9 and E11) and consortium of three 
selected strains (Mix) under drought stress
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resistance-associated macrophage protein 6 (NRAMP6), 
glutathione S-transferase (GST), no apical meristem 
(NAM), dehydrin (DHN), and Expansin genes (EXP1, 
EXP2 and EXP3) facilitates loosening of cell wall and 
hence root length. All studied genes showed differen-
tial expression under stress and inoculation conditions 
(Fig.  6). In general, inoculated plants with selected bac-
terial strains showed up regularly in most of the genes 
tested, compared with plants under stress without 
inoculation.

Fig. 4  Total chlorophyll and carotenoids of G177 genotype under 
three conditions: control, drought stress and inoculated with PGPRs 
under all experimental conditions: control, drought stress (stress) and 
inoculated with individual selected PGPRs (4E3, 3E9 and 4E11) and 
the consortium of three selected isolates (Mix) under drought stress

Fig. 5  SDS-PAGE analysis of total protein extracted from Giza 177 
plants under all experimental conditions: control, drought stress 
(stress) and inoculated with individual selected PGPRs (4E3, 3E9 
and 4E11) and the consortium of three selected strains (Mix) under 
drought stress

Fig. 6  Semi-quantitative RT-PCR transcription pattern study of 
some stress-responsive genes in G177 plants under all experimental 
conditions: control, drought stress (stress) and inoculated with 
individual selected PGPRs (4E3, 3E9 and 4E11) and the consortium of 
the three selected strains (Mix) under drought stress
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Real‑time quantitative of gene expression with real‑time 
PCR
Real-time PCR was conducted for precise detection of 
changes in relative expression of studied genes. Expression 
level was standardized on the actin gene (X16280) as the 
internal control. Relative expression of the genes studied is 
shown in (Fig. 7) where it is illustrated that the transcript 
amounts of COX1 gene (Fig. 7A) has decreased from 359 
copies in the control treatment to 241.83 copies in plants 
under drought stress. The inhibition rate of drought con-
dition on the expression level of COX1 gene was reduced 
in the inoculated plants. The lowest rate of inhibition was 
in the case of inoculated plants with 3E9 strain (341.07 
copies).

Plants inoculated with each of 4E11 and the three strains 
consortium (Mix) strains showed a significant increase 
in regulation in the expression of AP2-EREBP (~453, 449 
copies) compared to plants under control conditions 
(~300 copies) (Fig. 7B), while stressed uninoculated treat-
ment and inoculated treatment with 4E3 and 3E9 strains 
showed a significant decreased in AP2-EREBP gene expres-
sion compared to plants under control condition. Drought 
stress induced slight increase in the expression of GRAM 
and NRAMP6 (Fig. 7C, D) genes compared to plants under 
control treatment. Gradual increase in the expression of 
these genes was recorded in inoculation treatments com-
pared with both of control and uninoculated plants. The 
highest expression value of GRAM transcript was recorded 
in plants inoculated with 3E9 strain (~348 copies) (Fig. 7C). 
While the highest expression level of NRAMP6 transcript 
was noted in plants inoculated with mix isolates (~488 cop-
ies) almost threefold (Fig. 7D).

Expression of another studied gene, the NAM gene, 
showed a noticeable increase in its transcript amount in 
uninoculated and inoculated stressed plants compared 
with plants under the control conditions (Fig.  7E). The 
highest number of NAM transcript was recorded in plants 
inoculated with 4E11 strain.

The transcription level of GST as one of the main anti-
oxidant genes involved in drought stress tolerance was 
analyzed (Fig.  7F). GST transcript amounts showed the 
highest value in plants inoculated with the 4E11 strain with 
a significant increase. Followed by uninoculated stressed 
plants while, inoculated treatment with 4E3 and mix strains 
showed a significant decreased in expression of GST gene 
compared to the control treatment. One of rice dehydrins 

(DHN) acts as protective protein family that maintains 
cell membrane stability and was involved in our investiga-
tion (Fig.  7G). DHN expression level in inoculated plants 
with mix strains was the highest (~331 copies) followed by 
plants treated with 4E11 strain (~326 copies).

Expansin genes are cell elongation proteins that 
facilitate loosening of cell wall and hence root length. 
The expression of EXP1 and EXP3 showed significant 
increase under both of uninoculated and inoculated 
stressed plants compared with the control (Fig.  7H, J). 
The highest expression of EXP1 was recorded in inocu-
lated plants with mixed strains (almost twofold), while 
a maximum expression of EXP3 gene was found in 
4E11-treated plants. In contrast, uninoculated stressed 
plants and inoculated plants with 3E9 strain decreased 
the expression of EXP2 gene compared with the control 
(Fig.  7I). This down regulation in EXP2 was accompa-
nied with a decrease in root length in plants inoculated 
with 3E9 (Fig.  3). While inoculated plants with both of 
4E3, 4E11 and mix strains recorded an increase of EXP2 
gene expression and the highest value of expression was 
recorded in plants treated with a mixed strain.

Discussion
Responses of rice root microbiomes to drought stress 
were explored by [38]. Bacterial activity in drought soil 
continues to reduce as microbes die or fall into dormancy 
[39], this in turn affects crop production and sustain-
ability of soil health. Increasing the antibiotic content 
of drought-treated soils is believed to be induced by 
drought-tolerant bacteria. Bacterial production of antibi-
otic is considered as one of bacterial mechanism to out-
compete other bacteria under limited resources. It also 
could be signals to form biofilms as one of the drought-
response pathways [40]. In addition, other compounds 
synthesized by bacteria under drought conditions effect 
on the aggregate stability of soil rhizosphere [41] and 
hydrophobicity [42]. Furthermore, bacteria differ in their 
ability to generate and accumulate osmolytes compo-
nent that retain cellular turgid and save macromolecu-
lar structures [43]. Some of these compounds could be 
amino acids, such as glutamine, proline, glycine betaine 
and carbohydrates such as ectoine and trehalose [40, 44].

Water and nutrient availability are main elements 
that have a significant on the activities and survival of 
soil microbes [45, 46]. Positive relations between soil 

Fig. 7  Real-time PCR analysis changes in the expression level of some stress-responsive genes in G177 plants under all experimental conditions: 
control, drought stress (stress) and inoculated with individual selected PGPRs (4E3, 3E9 and 4E11) and the consortium of the three selected strains 
(Mix) under drought conditions. The expression level was standardized on the actin gene (X16280) as internal control. Data are given as means ± SE 
of relative expression for three biological replicates for each cDNA sample

(See figure on next page.)
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Fig. 7  (See legend on previous page.)
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moisture content or water potential and microbial bio-
mass or microbial activities have been demonstrated [47, 
48].

Enzyme activity in the soil ecosystem is seen as a sig-
nificant contributor to soil microbial activity [11, 49]. The 
enzymes activities of the soil were significantly influenced 
by drought stress and that effect was varied depending on 
rice genotype (Table  3). Soil enzyme activity is mainly 
restricted by availability of C, soil pH, the water profile, 
nutrients and the interactions between them [50]. For all 
living microbial cells, DHAs occur intracellular, and are 
linked to microbial respiratory processes. DHA activity 
in soil is also an indicator of overall soil microbial activ-
ity. Data offered in (Table  3) clearly indicated the nega-
tive effect of drought stress on soil DHA activity along 
with all rice genotypes. While plants of Orabi3 genotype 
showed the highest value of DHA activity under drought 
conditions compared with other genotypes, these results 
were linked with the results of tolerant and high toler-
ant microbes associated with Orabi3 genotype, which 
could maintain their activity under drought conditions; 
whereas, most microbes associated with IR64 genotype 
were a highly sensitive and sensitive microbe to drought 
stress, so IR64 genotype showed a lowest value of DHA 
activity under drought conditions. This is in accordance 
with many authors who reported that DHA is strongly 
influenced by water content and its activity reduced 
with the reduction of soil moisture [51, 52]. It was found 
that soil dehydrogenase activity increased threefold with 
increasing soil water content and was highly influenced 
by both redox potential and oxygen diffusion rate [53]. 
Soil water content suggested that it influenced the DHA 
by affecting the oxidation–reduction status of the soil.

Nitrogen affects multiple features of plant develop-
ment and metabolic pathways where it is considered as 
an essential plant macronutrient [54, 55]. It is well known 
that nitrogen types improve drought tolerance in rice 
by photosynthesis and root water uptake [56, 57]. Data 
presented in (Table  3) clearly indicate the inhibition 
effect of drought stress on urease activities in all studied 
genotypes. Urease is common in soil environments and 
a great range of organisms such as several bacterial spe-
cies, algae, fungi, plants and vertebrates generate urease 
[58]. Soil urease has some significance in agriculture 
where it has been indicated that urease immobilization 
causes an increase in enzymatic stability against proteo-
lytic enzymes and temperature [59, 60]. Regarding the 
soil nitrogenase activity as shown in Table  3, soil nitro-
genase activity is significantly affected by drought stress 
and this effect was genotype dependent. Our results are 
in accordance with those of [61] who found that the pres-
ence of rice plants enhanced nitrogenase activity of het-
erotrophic bacteria. The genotype which had the bigger 

root weight and the minor shoot weight and enabled 
the larger production of methane had the greater activ-
ity of nitrogenase. Nitrogen fixation is extremely variable 
depending on the associated diazotroph and the plant 
genotype. On the other hand, the determinant factor is 
the host plant exerts which supply the carbon and energy 
source for bacterial growth and nitrogen fixation [62]. 
Nitrogen fixation is a high energy consuming process. 
Therefore, it can be suggested that the rice genotype sig-
nificantly (P ≤ 0.05) affected the soil nitrogenase activity.

Phosphatase activity plays an essential role in soil P 
cycles, which is associated with P stress and plant devel-
opment [63]. The results of soil alkaline phosphatase 
activity (Table 3) showed that the drought condition did 
not change soil phosphatase activity. The enzyme activity 
is clearly influenced by rice genotype. It was shown that 
soil phosphatase activities were influenced by drought 
and warming together; where the drought treatment 
alone did not induce any changes soil phosphatase activi-
ties or Pi availability [64]. Changes in phosphatases activ-
ities and phosphorus uptake among cereal are genotypic 
dependent [65, 66].

Drought-tolerant endophytic isolates were mostly 
associated with both of Orabi3 and Vandana (tolerant 
genotype) with significant increased compared to IR64 
and G177 (sensitive genotypes) (Fig.  1). The high toler-
ant isolates are the most important, as they can remain 
active under stress conditions and supply the plant with 
some compounds that help the plant to alleviate stress. 
Characterization of highly tolerant selected strains 
through in  vitro plant growth-promoting test pointed 
to the role of these isolates in IAA and EPS production 
and phosphate-solubilizing capacity. IAA produced by 
PGPR depending on culture conditions, growth stage 
and substrate availability and species or strain variation 
[67]. Isolates from the rhizosphere are more effective 
in auxin production than others from the bulk soil [68]. 
Inoculation of numerous plant species by IAA-producing 
bacteria induced an improvement in root growth and/
or an enhancement in developing of lateral roots and 
roots hairs [8]. Under stress condition, the cells’ energy 
flow is directed towards defensive mechanisms, which 
may influence their growth pattern [69]. EPS is gener-
ated by microorganisms under various environmental 
stresses such as salinity, heat, drought and heavy metal 
stress [70, 71]. Some PGPRs are able to synthesize EPS. 
These support plant development and growth by easing 
the circulation of nutrients and defending the plant from 
pathogen attack. EPS-generating microbes could also 
help in protection against drought constitute shielding 
from desiccation and the plant invasion defense response 
in plant–microbe interactions [72]. The high efficiency 
of some isolates in dissolving phosphate may be due to 
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its ability to exert organic acid phosphorus as one of the 
main nutrients in demand for plants. In soil, most of 
phosphorus is present as insoluble phosphates and can-
not be consumed by the plants [73]. Bacteria’s ability to 
solubilize mineral phosphates can enhance phospho-
rus and iron availability for the plant, which is a possi-
ble mechanism for the promotion of plant growth under 
field conditions [74]. Solubilization can be achieved 
through a number of mechanisms as well as excretion 
of metabolites, such as proton extrusion, organic acids 
and chelating agent production. Phosphate solubilization 
by PSB strains is related to the release of low molecular 
weight gluconic acid and ketogluconic [75, 76] that che-
lates phosphate-bound cations through their carboxyl 
and hydroxyl groups changing them into soluble forms. 
Hydrochloric acid, as with other inorganic acids, is less 
effective in phosphate solubilization than organic acids at 
the same pH [77]. Inoculation of soil with phosphate-sol-
ubilizing bacteria resulted in increased uptake of phos-
phorus by the plant subsequently increasing the yield 
[78]. Bacterial isolates belonging to the genera Entero-
bacter, Pseudomonas, Serratia and Bacillus have been 
reported for their ability for solubilization of insoluble 
phosphate compounds [79, 80]. Similar PGPB isolates 
belonging to the Pseudomonas and Bacillus genera have 
recently been reported to improve plant growth and tol-
erance to drought stress in green gram plants [81].

Inoculation of the selected characterized strains to sen-
sitive genotype had a marked positive effect on growth 
parameters such as fresh, dry weights and other bio-
chemical and molecular parameters.

The enhancement in tissue mass and root number 
after inoculation treatment may promote the wider and 
deeper reach of plant roots for water further away and 
increase the area of nutrient absorption. This helps plants 
to survive under water-deficient conditions. Numerous 
studies indicated that PGPRs-inoculated plants showed 
an improvement in plant qualities and increased stress 
tolerance [11, 82]. Increasing root length was associated 
with the role of some bacteria in the enhancement of cell 
membrane elasticity in root cells subsequently enhanc-
ing the tolerance to drought stress [8]. Synthesis of phy-
tohormones by PGPRs stimulates plant cell growth and 
division which support the increase in plant height and 
tissue mass and induce tolerance against environmental 
stresses [83]. Inoculation of plants with IAA-producing 
bacteria was associated with the improvement of root 
growth rate and/or formation of lateral roots and root 
hairs in various plant species [8, 84] which help plants to 
adapt to drought condition [85]. Considering the particu-
lar significance of phosphorous in rice growth and the 
development where it plays a key role in most physiologi-
cal processes including photosynthesis, cell division and 

development of root system. This suggests the effective 
role of PGPRs in phosphate solubilization and its rela-
tion in improving plant performance under water-defi-
cit conditions [11, 75, 82]. EPS produced by PGPR were 
reported with their thoughtful effects on plant growth 
and drought tolerance [86].

Treatment with microbial isolates improves the stabil-
ity of the plant cell membranes as determined from the 
values of EL rate and MDA content. These effects could 
be related to the activation of antioxidant defense sys-
tem in inoculated plants. Using PGPRs in some rice 
genotypes improved plant growth and induced some 
stress-related enzymes (SOD, CAT, POD, APX), this sub-
sequently reduced the levels of H2O2 and MDA under 
drought stress compared to the control [87]. Inocula-
tion of plans under field condition with Pseudomonas sp. 
caused a significant increase in the CAT, GPX and APX 
enzyme activities under drought stress. That explains the 
role of PGPR in adapting plants to drought stress [88]. 
Inoculation of sensitive genotype with isolated strains has 
an effect on photosynthesis process and induces changes 
in photosynthesis pigments. Increases in the chlorophyll 
content of inoculated plants reflect the improvement in 
the photosynthetic efficiency and could induce toler-
ance of drought stress. Increased total chlorophyll and 
carotenoid content in inoculated plants with PGPRs is 
supported by many previous studies [89, 90]. Increasing 
photosynthesis pigments in inoculated treatments sup-
port our obtained results related to the improvement in 
fresh and dry weights in inoculated treatments as a result 
of metabolism improvement [91].

Changes in protein pattern of separated bands on the 
gel under experimental conditions (Fig.  5) reveal the 
association of inoculation of microbial isolates with 
induced changes. These changes included increases in 
the expression (as increasing in bands volume and dark-
ness) of some protein bands under stress and inoculated 
treatment compared with the control. Changes in protein 
content were reported with enhancement in root and 
shoot length as well as the biomass in plants inoculated 
with some PGPRs [90]. Six differentially expressed pro-
teins associated with PGPRs inoculation were detected 
in pepper plants under water-deficit conditions, genes of 
sHSP, Cadhn, CaPR-10 and VA as stress-related proteins 
were identified and showed an increase in their transcript 
amount (1.5-fold) in inoculated plants compared with 
non-inoculated plants [92].

Semi-quantitative as well as real-time PCR analysis of 
some growth and stress-responsive genes confirmed the 
differential expression of all studied genes under stress 
and inoculation conditions (Fig. 6). In general, inoculated 
plants with selected bacterial strains showed upregula-
tion of most tested genes compared with plants under 
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stress without inoculation. Expression pattern of stud-
ied genes was considerable in association with our mor-
phological and biochemical results. Alteration in the 
transcript amount of studied genes in this investigation 
was related to their role in protecting and improving the 
plant performance under stress conditions. COX1 gene 
is a mitochondrial DNA coding for subunit of respira-
tory complex IV which is a biological trigger in the mito-
chondrial oxidative phosphorylation electron transport 
chain. COX1 protein works to regulate the metabolism of 
carbohydrates, nitrogen and energy. The protein COX1 
functions as a scavenging agent for ROS and is involved 
in mRNA and protein processing [93]. Our results are 
in accordance with those of [94] who reported that, the 
COX1 gene showed upregulation in the rice plant under 
drought stress conditions inoculated with Pseudomonas 
fluorescens. Upregulation in the expression of AP2-
EREBP in inoculated plants with each of 4E11 and the 
mix is agreed with its role as a transcription factor. AP2-
EREBP is a multigenes family of transcription factors. 
This transcription factor regulates several developmental 
processes throughout the plant’s life cycle and controls 
various stress-related responses [95]. Overexpression of 
AP2-EREBPs in Arabidopsis showed enhanced drought 
stress tolerance [96]. It was found that the expression of 
the AP2-EREBP gene was influenced by both inoculation 
treatment and water stress conditions [94]. Alteration in 
relative expression of GRAM transcript was associated 
with the improvement of membrane stability in inocu-
lated plants. GRAM domain is likely to be implicated in 
membrane-related processes such as lipid-binding sig-
nals or intracellular protein [97]. Certain phytohormones 
and abiotic stresses are reactive to GRAM-domain con-
taining genes [98]. Recent results are in agreement with 
[99] where the expression of GRAM was increased in 
both uninoculated and inoculated rice seedlings under 
drought stress. Interestingly, a more recent study pointed 
to the increase in GRAM expression as highly detectable 
in inoculated plants compared with uninoculated ones. 
In plants, NRAMP genes are known to encode intracel-
lular metal transporters capable of transporting both 
the metal nutrient. According to our results, increased 
expression of NRAMP gene may indicate to the possible 
role of the NRAMP gene in regulation of stress allevia-
tion in rice. NAM gene as another studied transcription 
factor showed a noticeable increase in uninoculated and 
inoculated stressed plants compared with plants under 
the control conditions. NAM is a transcription factor and 
has been confirmed to play a major role in abiotic stress, 
with tolerance in a range of crops [100]. Increased expres-
sion of the NAM gene with exposure to different stresses 
in rice was recorded by [90, 101]. Increased expression of 
NAM gene as a response to inoculation treatment was in 

line with [90, 102]. Changes in GST transcript amounts as 
an important antioxidant gene involved in drought stress 
tolerance could help to evaluate the role of microorgan-
ism’s inoculation in acquisition of drought tolerance. Up 
regulation in GST expression in rice plants inoculated 
with P. fluorescens was reported by [103]. GSTs are anti-
oxidant enzymes that help to detoxify by transforming 
oxidative form compounds into reduced glutathione and 
thus promote their elimination, sequestration or metabo-
lism [104]. Our results pointed to the evidence that IAA 
was more highly produced in the tolerant used strains. 
Considering the role of IAA in upregulation of DHN as 
a protective protein family that maintains cell membrane 
stability [99] could explain the upregulation of DHN 
expression in inoculated rice seedlings rather than uni-
noculated ones. Dehydrin gene mainly contributes to 
stress tolerance and thus functions as a marker gene for 
plant stress response [90]. Overexpression of these genes 
in several crop plants has been reported to support toler-
ance to a variety of abiotic stresses [105].

Expansin genes are cell elongation proteins that facili-
tate loosening of cell wall and hence root length. The 
obtained results about the three studied expansin genes 
were in harmony with morphological analysis of root 
length (Fig. 3) where it was associated with the increasing 
in root growth and/or enhancement in formation of lat-
eral roots and root hairs, thus guaranteeing the water and 
nutrient uptake and helping plants to adapt to drought 
stress [85]. Expansins, a class of family of pH-dependent 
proteins, play a part in the proliferation and development 
of cell walls. In general, the expansion of glucan-coated 
cellulose in the cell wall is believed to cause revers-
ible disruption of the hydrogen bond between cellulose 
microfibrils and glucan matrix, resulting in cell elonga-
tion by increasing the extensibility of the cell wall [106]. 
Expansins are also implicated in cell wall changes and cell 
expansion stimulated by phytohormones and also some 
biotic and abiotic stresses [107]. The functions of expan-
sin genes in plant development and stress tolerance have 
given plant breeding opportunities to control leaf size, 
fruit production, root formation and tolerance to various 
stresses [108].

Conclusion
Rice is one of the most water consuming crops. Reducing 
irrigation water and improving performance under water-
deficit conditions is a major challenge. Some components 
produced by drought-tolerant microorganisms could 
play an important role in acquiring drought tolerance in 
plants. Interestingly, our data indicated a positive interac-
tion between drought-tolerant genotypes and the increased 
number of drought-tolerant microorganisms, especially 
bacteria and actinomycetes. The most drought-tolerant 
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rhizobacteria were isolated from the drought-tolerant gen-
otype (Orabi3), characterized, and then used in the inocu-
lation of the sensitive genotype (Giza177). This inoculation 
resulted in an improvement in drought tolerance of the 
inoculated plants under drought conditions. This improve-
ment was related to the changes in the expression level of 
some stress and growth-related genes (COX1, AP2-EREBP, 
GRAM, NRAMP6, NAM, GST, DHN, EXP1, EXP2 and 
EXP3) in the inoculated plants. Our results clearly indicate 
that some mechanisms of drought stress tolerance in rice 
largely depend on the genotype of the microbes. We report 
that improvement of drought stress tolerance status in rice 
could be achieved by inoculating the soil with drought-tol-
erant PGPRs.
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