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ABSTRACT

Drought, one of the most detrimental environmental factors for agricultural production all over the world, severely 
represses plant survival and productivity of crops. Microbial technology plays a prominent part in improving drought 
resistance of crops. Here, endophytic bacterium Bacillus megaterium strain HX-2 was isolated from healthy leaves of 
Agastache rugosa (Fisch. & C.A. Mey.) Kuntze; its drought tolerance level and growth promoting characteristics were 
carried out in vivo, and the effects of the bacterium on morphological, physiological and biochemical variables of maize 
(Zea mays L.) seedling under drought stress were investigated in a pot experiment. As a result, B. megaterium strain HX-2 
had 15% tolerance to polyethylene glycol 6000, produced indoleacetic acid and dissolved phosphate. After inoculation 
with strain HX-2, plant height, root length, plant biomass, root:shoot ratio, root activity, leaf relative water content, 
proline content, plant P content, and enzyme activities including superoxide dismutase, catalase, peroxidase and ascorbate 
peroxidase increased considerably by 7.69%-42.9%, whereas electrolyte leakage and malondialdehyde content declined 
significantly by 28.17%-42.38% relative to drought stress. These changes suggested that strain HX-2 was able to alleviate 
negative effects of drought stress on plants by producing indoleacetic acid and dissolving phosphate to improve the 
antioxidant system of plants. This study will provide theoretical reference for cultivation of maize under drought stress.

Key words: Antioxidant system, Bacillus megaterium, drought stress, indoleacetic acid production, phosphate 
solubilization property, Zea mays.

INTRODUCTION

Maize (Zea mays L.) is a very important crop used all over the world. In addition to its role as food, maize is also a crucial 
resource for economic and industrial applications, such as fuel and animal feed. However, drought, an important abiotic 
stress factor, seriously damages maize growth and leads to loss in productivity. From statistics, the maize yield reduction 
was 39.3% between 1980 and 2015 (Daryanto et al., 2016). In China, arid and semiarid lands including northern and 
northwestern China, occupy about half the entire land area of the country. Every year, drought often results in drastic 
reductions in maize yield (Sun et al., 2017). It was reported that 33% of maize yield loss was caused by drought in 
Northeast China (Zhang, 2004).
 Some strategies, such as breeding drought-tolerant varieties and optimizing cultivation technology, have been used 
for improving crop tolerance to drought stress. Due to their extensive potentiality in enhancing crop production and food 
safety, microbial technology has become an effective way to alleviate the current problem (Mahanty et al., 2016). For 
examples, maize seedlings inoculated with Bacillus spp. could increase the tolerance to drought stress (Sandhya et al., 
2011). Pseudomonas spp. can improve drought resistance of maize plants (Vurukonda et al., 2016). Endophyte, one of 
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the important sources of such microorganisms, is a bacterial/actinomycete/fungal microorganism. It colonizes inter- and/
or intra-cellularly inside the healthy tissues of the host plant during the whole or part of life cycle, and causes no apparent 
symptoms of disease. In all tissues of plant, including leaves, stems, roots, flowers and fruits, endophytes are ubiquitous. 
Earlier studies have shown that endophytes, especial endophytic bacteria play a very important role in improving plant 
growth by various mechanisms, such as production of siderophores, indole-3-acetic acid (IAA) and 1-aminocyclopropane-
1-carboxylic acid (ACC) deaminase, or solubilization of phosphate (Ryan et al., 2008; Zhang et al., 2011; Cedeño-García 
et al., 2018). Bacillus, Pseudomonas, Pantoea, among others, have been isolated from wheat, potato, rice (Feng et al., 
2006; Andreote et al., 2009; Egorshina et al., 2012), and these endophytic bacteria have the function of promoting growth. 
Moreover, endophytic bacteria have been paid more attention to improve the efficiency of phytoremediation (Rajkumar 
et al., 2009). Therefore, research on endophytes has become a hot spot (Devi and Momota, 2015).
 Bacillus megaterium strain HX-2, an endophytic bacterium, was isolated from healthy leaves of Agastache rugosa 
(Fisch. & C.A. Mey.) Kuntze. In this study, polyethylene glycol 6000 (PEG6000) was used to simulate drought stress, 
drought tolerance, indole-3-acetic acid (IAA) production and phosphate solubilization property of the bacteria were 
examined. The effects of strain HX-2 on the maize seedlings growth under drought stress were investigated using a 
pot experiment. Our objective was to evaluate the ability to improve maize seedling growth under drought stress and to 
provide theoretical reference for drought resistant culture techniques of maize. 

MATERIALS AND METHODS

Isolation and identification of strains
Agastache rugosa (Fisch. & C.A. Mey.) Kuntze used for bacterial isolation was collected from Laoshan mountain of 
Qingdao city in China. Plant leaves were serially diluted, spread plated on beef extract peptone agar (beef extract 3.0 g, 
peptone 10.0 g, NaCl 5.0 g, agar 15-25 g per liter) and incubated at 30 °C for 48 h (Amaresan et al., 2012; Ji et al., 2014). 
Bacterial strains were purified with repeated culturing and maintained in 15% (v/v) glycerol at -80 °C. Potential isolates 
were selected on the basis of results of screening for drought tolerance, and were identified by partial 16S ribosomal 
DNA sequence. The primers of 27F/1492R were used to PCR amplification. BLAST (Basic Local Alignment Search 
Tool; National Center for Biotechnology Information, U.S. National Library of Medicine, Bethesda Maryland, USA) 
search program was used to compare the sequence homology of nucleotides. The closely related sequences obtained were 
determined by the method described by Li and Jiang (2017). 

Screening for drought tolerance level and growth promoting characteristics of strain HX-2
Bacillus megaterium strain HX-2 was deposited in the College of Agronomy, Qingdao Agricultural University, China. 
Polyethylene glycol (PEG6000) was added into 50 mL liquid Luria-Bertani medium (Marulanda et al., 2009), and its final 
concentrations were 5%, 10%, 15% and 20% (w v-1), respectively. Then, actively growing strain HX-2 was added into the 
above-mentioned medium on rotary shaker at 180 rpm for 2 d at 30 °C. Bacterial growth was determined as CFU mL-1 
through diluting method and coating method to count for strain HX-2, to find out drought tolerance.
 King’s B medium containing 100 mg mL-1 L-tryptophan and 0%-20% PEG6000 was used to screen for indole-
3-acetic acid (IAA) production (Li and Jiang, 2017). The culture supernatants of the strain HX-2 were mixed with 
Salkowski reagent in the ratio of 1:1 (v v-1). The mixture with pink color indicates the production of IAA and its density 
was recorded at 530 nm. Concentration of IAA produced was estimated against standard curve of IAA in the range of 
0-100 μg mL-1. Bacterial isolates were platted on bacterial organophosphorus medium containing 0%-20% PEG6000 
for 7 d at 30 °C. The appearance of clear zone around bacterial colonies indicated phosphate solubilizing property. The 
phosphate solubilization index (SI) (Premono et al., 1995) was calculated using the formula: SI = (Colony diameter + 
Halo zone diameter)/Colony diameter.

Pot experiment
Seeds of hybrid maize ‘Liyu35’ were used. After surface-sterilization with 70% ethanol for 30 s and 1% sodium 
hypochlorite for 10 min, seeds were thoroughly rinsed with sterile distilled water for use. In order to remove large 
particles of stones and debris, sand-soil (1:3) mixture was passed through a 2 mm sieve. Subsequently, the mixture 
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was sterilized and air dried at room temperature. Then, 100 g sterilized mixture was packed into one plastic pot (150 
mL). Preliminary studies showed that water content in pots must be maintained by weighing at 15%-20% water content 
throughout the experiment with distilled water on alternate days as the well-watered, and water content in pots must be 
maintained by weighing at 5%-8% water content as the drought-stressed. The surface-sterilized seeds were soaked for 
2 h in the bacterial cell suspension (108 CFU mL-1) or in sterile water, and subsequently planted into the plastic pots at 4 
cm depth, with four treatments as follows, three replicates, five pots per replicate. After emergence, seedlings in each pot 
were thinned to one plant and were put in a plant growth incubator (GXZ-380C, China) at 25 °C, and 250 μmol m-2 s-1 light 
for 16:8 h photoperiod. The treatments were as follows: seeds soaked in sterile water sown in the well-watered sand-soil 
mixtures (CK1); seeds soaked in sterile water sown in the drought-stressed sand-soil mixtures (CK2); seeds soaked in 
bacterial cell suspension sown in the well-watered sand-soil mixtures (T1); and seeds soaked in bacterial cell suspension 
sown in the drought-stressed sand-soil mixtures (T2). 

Assay for plant morphological, physiological and biochemical indexes
After 15 d, plants were harvested and carefully rinsed with distilled water, then separated into aboveground plant tissues 
and roots. The plant height, root length, dry weight of seedlings were measured (Li and Jiang, 2017). The root:shoot ratio 
was the proportion of root biomass with respect to aboveground plant tissues biomass.
 According to the method of Ghahfarokhi et al. (2015), the relative water content (RWC) of the leaf sample was estimated. 
The relative electrolyte leakages (EL) were determined by the method described by Voigt (2009), malondialdehyde 
(MDA) and proline content of leaves was determined according to the method describe by Zhu et al. (2010), root activity 
was determined using the method of triphenyltetrazolium chloride (TTC) (Li et al., 2015), plant P content was analyzed 
colorimetrically by the molybdenum blue method (Bao, 2000). About 500 mg fresh leaf samples were homogenized in 
10 mL 0.05 M phosphate buffer (pH 7.8) solution, and centrifuged at 10 000 × g for 10 min (Premono et al., 1995). Then, 
the supernatant was collected and stored at 4 °C for use. The enzyme activities of superoxide dismutase (SOD), catalase 
(CAT), peroxidase (POD) and ascorbate peroxidase (APX) were determined (Chen and Asada, 1992; Zhu et al., 2010; 
Ghahfarokhi et al., 2015). 

Statistical analysis
Data were analyzed using ANOVA of Statistics SPSS 19.0 (IBM; Armonk, New York, USA) software, differences were 
compared using Duncan’s multiple range test at 0.05 level. 

RESULTS

According to morphological trait, a total of five bacterial strains were isolated from the leaf samples, and then all strains 
were initially screened for the drought tolerance. Bacterial strain HX-2 was able to grow on nutrient agar with 20% PEG 
and was selected for further identification and sequence analysis. The strain HX-2 was Gram positive, rod and oval-
shaped spores. Result of BLAST search of the National Center of Biotechnology Information (NCBI) and phylogenetic 
analysis showed that strain HX-2 shared 99.0% sequence similarity with Bacillus megaterium (KC189946.1) (Figure 1). 
Therefore, the strain HX-2 was identified as Bacillus megaterium HX-2 based on 16S ribosomal DNA sequence, whose 
sequence was submitted to GenBank (accession number MH930825).
 After shake culture for 2 d at 180 rpm in the dark, drought tolerance of the endophytic bacteria strain HX-2 was 
found, it could tolerate higher levels of drought stress, the maximum tolerance to PEG was 15% (Figure 2). After shake 
culture for 7 d, IAA production of the HX-2 in the King’s B medium was determined with spectrophotometer method. 
IAA concentration decreased with the increasing concentration of PEG6000, whose maximum value was 34.10 μg mL-1 
(Figure 3). After culture on bacterial organophosphorus medium containing 0%-20% PEG6000 for 7 d, the phosphate 
solubilization activity was detected. Transparent zone extending from the edge of the bacterial colony was shown by 
strain HX-2. The phosphate solubilization index (SI) decreased with the increasing concentration of PEG6000, and the 
maximum value was 1.3 (Figure 4). These results suggest that strain HX-2 has drought tolerance and growth promoting 
characteristics.
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 Plant height, root length, dry weights of above-ground and root of maize seedlings were significantly reduced by 
drought stress (CK2), compared with well-watered treatment (CK1). However, under well-watered condition, seeds 
soaked in the strain HX-2 suspension significantly increased plant height, root length, dry weight of above-ground and 
root by 20.80%, 23.86%, 23.6% and 24.6%; while for drought stress, increases were 26.32%, 32.54%, 32.3% and 42.9% 
(Table 1). Similarly, the root:shoot ratio was significantly increased by CK2, compared with CK1. And under drought 
stress and well-watered condition, seeds soaked in the strain HX-2 suspension significantly increased root:shoot ratio by 
7.69% and 5.88% (Table 1). And the effects of strain HX-2 on plant height, root length, dry weights of above-ground and 
root of maize seedlings under drought stress were more than well-watered condition.

Figure 1. Phylogenetic tree of Bacillus megaterium strain HX-2.

Figure 2. Effect of polyethylene glycol (PEG6000) on growth of Bacillus megaterium strain HX-2.

Figure 3. Effect of polyethylene glycol (PEG6000) on indole-3-acetic acid (IAA) concentration from Bacillus megaterium 
strain HX-2.

The values represent the means of data obtained in the experiment (n = 3). Different letters indicate significantly 
different values (p < 0.05) between treatments.

The values represent the means of data obtained in the experiment (n = 3). Different letters indicate significantly 
different values (p < 0.05) between treatments.
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 The P content of above-ground in maize seedlings was significantly decreased by CK2, compared with CK1. Significant 
differences in the P content of above-ground or root in maize seedlings were found in the seeds soaked in the strain HX-2 
suspension relative to unsoaked treatments. And under drought stress and well-watered condition, seeds soaked in the 
strain HX-2 suspension significantly increased P content by 42.10% and 38.10% in above-ground of maize seedlings, by 
41.67% and 38.46% in root of maize seedlings (Figure 5). 
 Relative water content (RWC) was significantly reduced by CK2, compared with CK1, regardless of drought stress 
or well-watered condition. Effects of seeds soaked in the strain HX-2 suspension increased RWC (Table 2). Under well-
watered condition, RWC slightly increased, while drought stress, RWC significantly increased by 12.55%. Similarly, 

Figure 4. Effect of polyethylene glycol (PEG6000) on phosphate solubilization index of Bacillus megaterium strain HX-2.

The values represent the means of data obtained in the experiment (n = 3). Different letters indicate significantly 
different values (p < 0.05) between treatments.

CK1 6.25 ± 0.57b 8.59 ± 0.33b 38.6 ± 0.9b 6.5 ± 0.3b 0.17 ± 0.01c
CK2 2.28 ± 0.20d 5.47 ± 0.22d 22.0 ± 1.0d 5.6 ± 0.2c 0.26 ± 0.02b
T1 7.55 ± 0.62a 10.64 ± 0.31a 47.7 ± 0.5a 8.1 ± 0.5a 0.18 ± 0.01c
T2 2.88 ± 0.41c 7.25 ± 0.53c 29.1 ± 0.6c 8.0 ± 0.6a 0.28 ± 0.02a

All such means which share the same letter in the column are similar otherwise differ 
significantly at p < 0.05. Mean values ± standard deviation are shown (n = 5). 
CK1: Seeds soaked in sterile water sown in the well-watered sand-soil mixtures; CK2: 
seeds soaked in sterile water sown in the drought-stressed sand-soil mixtures; T1: seeds 
soaked in bacterial cell suspension sown in the well-watered sand-soil mixtures; T2: 
seeds soaked in bacterial cell suspension sown in the drought-stressed sand-soil mixtures.

Table 1. Effects of Bacillus megaterium strain HX-2 on plant height, root length, dry weight of above-ground and root of 
maize seedlings.

Root 
length

Dry weight of 
above-ground

Root:shoot 
ratio

Dry weight 
of root

Plant 
heightTreatments

cm mg plant-1 

Figure 5. Effects of Bacillus megaterium strain HX-2 on P content of above-ground and root of maize seedlings.

The values represent the means of data obtained in the experiment (n = 5). Different letters indicate significantly different values 
(p < 0.05) between treatments, lower-case letters showed in above-ground and uppercase letters showed in the root. 
CK1: Seeds soaked in sterile water sown in the well-watered sand-soil mixtures; CK2: seeds soaked in sterile water sown in the 
drought-stressed sand-soil mixtures; T1: seeds soaked in bacterial cell suspension sown in the well-watered sand-soil mixtures; 
T2: seeds soaked in bacterial cell suspension sown in the drought-stressed sand-soil mixtures.
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root activity of maize seedlings was significantly reduced by 67.12% under drought stress. However, root activity was 
improved by 24.32% by seeds soaked in the strain HX-2 suspension, compared to CK2. Meanwhile, strain HX-2 also 
increased root activity of maize seedlings under well-watered by 16.50%. 
 Drought induced high EL levels, which were reduced by 28.17% by seeds soaked in the strain HX-2 suspension 
under drought stress (Table 2). And MDA content in leaves of drought-treated plants was 59.95% above values found in 
well-watered plants. Seeds soaked in the strain HX-2 suspension decreased MDA content by 42.38%, but the level was 
still more than well-watered plants. The proline content in drought-treated plants was 56.05% more than that in well-
watered plants. After seeds soaked in the strain HX-2 suspension, proline content was significantly increased by 32.04% 
in drought-treated plants.
 Compared with the well-watered plants, enzyme activities of SOD, POD and CAT in drought-stressed maize seedlings 
were significantly decreased. Nevertheless, seeds soaked in the strain HX-2 suspension increased SOD, POD and CAT 
activities under drought stress and well-watered condition, in drought-stressed plants were 19.37%, 19.86% and 10.96%, 
and in well-watered plants were 5.79%, 12.86% and 3.29% (Table 3). Similarly, the activities of APX in drought-stressed 
maize seedlings significantly reduced by 12.63%, seeds soaked in the strain HX-2 suspension increased the enzyme 
activities of APX under drought stress and well-watered conditions, some in drought-stressed plants even more than those 
in well-watered plants (Table 3). Therefore, the activities of SOD, POD, CAT and APX were significantly enhanced by 
seeds soaked in the strain HX-2 suspension.

CK1 87.36 ± 1.41a 12.30 ± 0.37b 19.79 ± 0.43c 3.97 ± 0.19c 3.14 ± 0.49c
CK2 75.24 ± 0.36c 7.36 ± 0.30d 30.80 ± 0.33a 6.35 ± 0.18a 4.90 ± 0.31b
T1 88.44 ± 0.99a 14.33 ± 0.45a 17.94 ± 0.69d 3.23 ± 0.16d 3.66 ± 0.34c
T2 84.68 ± 0.70b 9.15 ± 0.22c 24.03 ± 0.56b 4.46 ± 0.21b 6.47 ± 0.40a

Means within column followed by different letters are significantly different at p < 0.05. 
Mean values ± standard deviation are shown (n = 5).
fw: Fresh weight; CK1: seeds soaked in sterile water sown in the well-watered sand-
soil mixtures; CK2: seeds soaked in sterile water sown in the drought-stressed sand-soil 
mixtures; T1: seeds soaked in bacterial cell suspension sown in the well-watered sand-
soil mixtures; T2: seeds soaked in bacterial cell suspension sown in the drought-stressed 
sand-soil mixtures.

Table 2. Effect of Bacillus megaterium strain HX-2 on relative water content (RWC), root activity, electrolyte leakage (EL), 
malondialdehyde (MDA) content and proline content of maize seedlings.

Root 
activity EL

Proline 
content

MDA 
contentRWCTreatments

% % μmol g-1 fw mg g-1 fw 

CK1 25.75 ± 0.54b 16.88 ± 0.50b 13.98 ± 0.59b 2.14 ± 0.23bc
CK2 20.39 ± 0.58d 12.54 ± 0.96d 11.13 ± 0.50d 1.90 ± 0.17c
T1 27.24 ± 0.36a 19.05 ± 0.68a 14.44 ± 0.37a 2.26 ± 0.16b
T2 24.34 ± 0.41c 15.03 ± 0.57c 12.35 ± 0.43c 3.67 ± 0.22a

Means within column followed by different letters are significantly different at p < 0.05. 
Mean values ± standard deviation are shown (n = 5). 
SOD: Superoxide dismutase; POD: peroxidase; CAT: hydrogen peroxide; APX: ascorbate 
peroxidase; U: active unit; fw: fresh weight; CK1: seeds soaked in sterile water sown 
in the well-watered sand-soil mixtures; CK2: seeds soaked in sterile water sown in the 
drought-stressed sand-soil mixtures; T1: seeds soaked in bacterial cell suspension sown 
in the well-watered sand-soil mixtures; T2: seeds soaked in bacterial cell suspension 
sown in the drought-stressed sand-soil mixtures.

Table 3. Effects of Bacillus megaterium strain HX-2 on the activities of SOD, POD, CAT and APX of maize seedlings.

SODTreatments
U g-1 fw 

POD CAT APX
U g-1 fw U g-1 fw min-1

mg g-1 fw h-1
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DISCUSSION

Seeds soaked in the strain HX-2 suspension significantly increased plant height, root length, dry weight of above-ground 
and root, and root:shoot ratio, indicating that strain HX-2 was able to improve plant growth and alleviate drought stress 
negative effects on maize seedlings. In order to absorb water and promote growth, plant tries to extend the root to explore 
more soil volume under drought stress. Therefore, the increase of root:shoot ratio has been considered as a mechanism 
for plant defense drought conditions (Wu and Cosgrove, 2000). The increase in root:shoot ratio could be the reason that 
strain HX-2 can produce indoleacetic acid, which significantly improved the growth of maize seedlings under drought 
stress. Previous studies also have shown IAA enabled the plants to withstand water stress (Zhao et al., 2012). In addition, 
microbes have been reported to mobilize nutrients to plant roots (Saia et al., 2015). In this study, strain HX-2 could 
dissolve P, which provided more nutrients for plant roots to improve plant nutrition uptake and growth. This is consistent 
with the changes of plant morphological indexes and P content. Root activity is general indicator of root capacity for water 
and nutrient uptake. A decrease in root activity is harmful to the growth and development of maize seedlings. However, 
this phenomenon was alleviated by seeds soaked in the strain HX-2 suspension treatment. An increase in root activity is 
good for maize seedlings to uptake more water and nutrient uptake. The increase in root activity is consistent with the 
change of P content and the root:shoot ratio.
 The leaf RWC is usually used to judge plant water status, which is considered as a relevant attribute for screening 
drought tolerance of crops. A decrease in RWC is harmful to the growth and development of maize seedlings. However, 
this phenomenon was alleviated by seeds soaked in the strain HX-2 suspension treatment. Meanwhile, strain HX-2 also 
increased RWC of maize seedlings under well-watered treatment. These results are in agreement with those of Sandhya et 
al. (2011), who reported that inoculation with Bacillus spp. increased RWC in maize under drought stress. It is thus clear 
that strain HX-2 may be important for maize water relation under drought stress and make the plants benefit to absorb 
more water to resist drought stress.
 The levels of reactive oxygen species (ROS) and related products, such as hydrogen peroxide (H2O2), superoxide anion 
(O2-) and hydroxyl radical (·OH) are increased, and oxidative damage is induced by stress (Hyodo et al., 2017). The excess 
ROS resulted in the increasing MDA content and conductivity of solute leakage from plant cells, which were considered 
as characteristic of membrane lipid peroxidation (Anjum et al., 2011). Lipid peroxidation causes damaged membrane 
function, decreased fluidity, and inactivation of membrane-bound receptors and enzymes. Electrolyte leakage is regarded 
as a reliable indicator of membrane injury in response to various kinds of stresses, the extent of membrane damage can be 
evaluated by EL. However, natural selection has made plants maintaining a wider range of defense against environmental 
stress through antioxidant enzymes. For examples, SOD catalyses the dismutation of O2- to H2O2 and O2, while POD and 
CAT scavenges H2O2, and APX is a H2O2-scavenging enzyme that is indispensable to protect chloroplasts and other cell 
constituents from damage by H2O2 and OH. In this study, the level of EL and MDA content were significantly increased 
by drought stress, indicating the membrane of maize seedlings was damaged. However, this phenomenon was alleviated 
by inoculation with strain HX-2 treatment, which increased the activities of SOD, POD, CAT and APX and reduced the 
level of EL and the MDA content. SOD, POD, CAT and APX showed significant rises in activity with the strain HX-2 
treatment, signifying strain HX-2 likely role in improving antioxidative defense under drought stress. 
 Additionally, proline is excellent osmolyte to stabilize sub-cellular structures and free radical scavenger to quench single 
O2- or to react directly with OH (Siripornadulsil et al., 2002; Filippou et al., 2013). Under stress, proline accumulation may 
be due to increased synthesis and decreased degradation, which helps in maintaining cell water status, protects membranes 
and proteins from stress (Kishor and Sreenivasulu, 2014). This has been shown previously in petunias (Yamada et al., 
2005). In this study, the proline content in drought-treated plants was higher than that in well-watered plants. After seeds 
soaked in the strain HX-2 suspension, proline content significantly increased in drought-treated plants. Combined plant 
biomass changes, these results indicated that strain HX-2 promotes maize seedlings resistance to drought stress may be 
closely related with increased proline content. Similar studies have reported that Pseudomonas spp. and Azospirillum spp. 
can help maize seedlings to endure limited water availability (Sandhya et al., 2010; Bano et al., 2013).
 Our previous studies also have demonstrated that plant growth-promoting bacteria (PGPR) B. aquimaris DY-3 was 
likely through the integration of the antioxidant enzymes and the non-antioxidant systems to improve the maize seedling 
growth under salt stress (Li and Jiang, 2017). It showed that B. megaterium strain HX-2 and B. aquimaris DY-3 were 
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likely to improve the plant response to abiotic stress through the similar mechanism, because drought and salinity are both 
attributed to water deficit of plants.

CONCLUSIONS

In conclusion, application of Bacillus megaterium strain HX-2, with the characteristics of indole-3-acetic acid (IAA) 
production and phosphate solubilization, under drought stress and well-watered conditions can improve plant height, root 
length, root:shoot ratio, biomass, root activity, P content, relative water content, proline content, activities of superoxide 
dismutase, peroxidase, catalase and ascorbate peroxidase, decrease electrolyte leakage and malondialdehyde content of 
maize seedlings. These results indicated that B. megaterium strain HX-2 plays an important role in improving plant growth 
and drought tolerance of plants through IAA production and phosphate solubilization to enhance the antioxidant system. 
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