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Abstract. The aim of this work was to evaluate the effects of Bacillus subtilis inoculation on the growth 

and the photosynthetic activity of maize plants under conditions of water stress in two regimes of light 

intensity. Plants were inoculated with two strains of B. subtilis directly onto the soil and maintained for 

40 days in a growth chamber under controlled conditions. Two experiments were carried out under two 

conditions of light intensity (300 and 900 μmol m-2 s-1 photons). During the conduction of the plants, two 

water supply regimes based on evapotranspiration replacement were established. At 35 days of plant 

growth, the following physiological parameters were evaluated: photosynthetic rate, intercellular CO2 

concentration, stomatal conductance, transpiration and water use efficiency. Plants were collected 

(40 days) to evaluate the production of dry biomass. B. subtilis increased the water use efficiency in 

maize plants submitted to water stress under two light intensities. The maize gas exchange response to 
water stress and presence of rhizobacteria were differentiated for the two light conditions. The low light 

intensity condition provided lower stomatal conductance and CO2 assimilation and greater efficiency in 

water use in plants inoculated with Bacillus subtilis (AP-3) under conditions of water deficit. The high 

intensity condition provided significant differences in the reduction of stomatal conductance in plants 

with stress compared to plants without stress when inoculated with B. subtilis PRBS-1. 

Keywords: rhizobacteria, gas exchange, Zea mays, abiotic stress, seed inoculation 

Introduction 

The unpredictability of climate variability is one of the main sources of risk for 

agricultural activities (Hardaker et al., 1997). Most of the problems found in tropical 

crops are due to climatic causes: droughts, heavy rains and frost. For example, losses 

from drought reach up to 50% in some important tropical crops, such as bean, maize 

and soybean (Vivan et al., 2015). 

Nowadays, plant growth-promoting rhizobacteria (PGPR) has been used as 

alternative for promoting plant resistance to environmental stresses, such as drought 

conditions. (Liu et al., 2013). Among the known PGPR, Bacillus subtilis [Ehrenberg. 

(1835) Cohn 1872] has received special attention because of its catabolic versatility and 

ability to colonize roots, as well as to induce the production of a large number of 

enzymes and metabolites that favor the growth of plants, under conditions of stresses 

(Mayaket al., 2004). Recently, Li et al. (2016) reported that Bacillus subtilis promoted 

an increase in the efficiency of water use under drought conditions by Vicia faba, and 

this effect was explained through the regulation of stomata during the stress period. 

Regarding this, Messina et al. (2015) reported that the impact of water deficit on maize 

yield can be mitigated by the management practices adopted and physiological 

characteristics of the hybrid used, reporting that the limitation of transpiration may also 

contribute to improving corn tolerance to drought. 
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Also, it is known that B. subtilis produces phytohormones, such as auxins and 

gibberellins (Katz and Demain, 1977; Araujo et al., 2005) and these hormones could 

ameliorate the effect of stress in plants (Liu et al., 2013). 

The metabolic alterations affecting plants under drought occur due to oxidative 

damage at the cellular level, which happens due to the unbalance between the formation 

of reactive oxygen species and their detoxification (Sandhya et al., 2010). There is a 

significant interaction between drought stress and the activity of antioxidant enzymes in 

plants. In this case, inoculation of rhizobacteria in plants could reduce the harmful 

effects by the activation of the antioxidant enzyme system (Han and Lee, 2005). 

Sandhya et al. (2010) found a decreased activity of the antioxidant enzymes in maize, 

under drought condition, inoculated with PGPR. In addition, C4 plants present high 

photosynthetic rate in response to optimal growth conditions. Although the factors 

limiting the photosynthesis have not yet been well known, Usuda et al. (1985) found 

that light intensity drives the increase on the production of enzymes related to 

photosynthesis. 

When roots are sensitized by drought, they transmit chemical signals that regulate the 

stomatal mechanism and shoot growth (Davies and Zhang, 1991). These chemical 

signals are mainly composed of plant hormones, such as cytokinins, abscisic acid 

(ABA) and ethylene (Dodd, 2003). The production of indole-acetic acid and cytokinins 

induced by rhizobacteria would be an additional mechanism to attenuate the deleterious 

effects of water deficit in plants (Arkhipova et al., 2007). Specifically, inoculation of a 

cytokinin-producing strain of B. subtilis increased the growth of lettuce plants in water 

deficit soils (Arkhipova et al., 2007). 

The hypothesis of this study is that B. subtilis could ameliorate the effect of drought 

on growth and photosynthesis in maize. Thus, this study evaluated the effects of B. 

subtilis inoculation on the growth and photosynthetic activity of maize under drought 

conditions and two regimes of light intensity. 

Material and methods 

Bacillus subtilis 

Two strains of Bacillus subtilis (AP-3 and PRBS-2) were used in the experiments. 

They were isolated from soil under soybean cultivation and are characterized by Araujo 

et al. (2005). The strains were maintained in nutrient agar culture medium under 

refrigerated conditions. 

 

Study site, treatments and experimental set-up 

The study was conducted in laboratory of Unoeste, Presidente Prudente, São Paulo, 

Brazil. The experiments were carried out in a completely randomized arrangement, in a 

3 × 2 factorial scheme (control and treatments with inoculation of two B. subtilis 

isolates in two irrigation regimes) and five replications, which totaled 30 plots. In the 

first experiment, plants were conducted under a light intensity regime of 900 μmol m
-2

 

s
-1 

and in the second experiment plants were conducted at the intensity of 300 μmol m
-2

 

s
-1

. Both experiments were conducted for 40 days in a growth chamber and were 

maintained in the same photoperiod, temperature and humidity conditions. 

The soil used in the experiments was collected from the 0-20 cm horizon and 

characterized as an acrisol (FAO, 1998), whose chemical characteristics showed the 
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following values: pH (CaCl2 0.01 mol L
-1

) 5.7; 3.9 mg dm
-3

 of P (Mehlich
-1

); 2.2 mmolc 

dm
-3

 of K; 20.3 mmol dm
-3 

of Ca; 4.3 mmol dm
-3

 of Mg; 14.3 mmol dm
-3

 of H + Al; 

151 mmole dm
-3

 of CEC and 65% of base saturation. Soil base saturation was increased 

to 80% (Raij et al., 1997) with application of dolomitic limestone. The soil was 

conditioned in plastic pots (2.5 kg), irrigated until field capacity and incubated for 

60 days. 

Corn seeds (Zea mays L. Hybrid SYN 7205) were inoculated with B. subtilis isolates 

at the time of sowing. The aqueous suspension containing each isolate at the 

concentration of 10
9 

cells per mL was applied directly onto the seeds in the planting pit 

in the amount of 0.1 mL. After sowing and inoculation of the rhizobacteria, the pots 

were allocated into a plant growth chamber model FITOTRON® SGC 120 (Weiss 

Technik, UK) under temperature conditions of 28/18 °C day / night and cycle of 16/8 h 

day/night. Relative humidity was programmed to 60%. Initially, soil moisture was 

maintained at 100% field capacity. After 15 days of plant emergence, the water stress 

was induced in the pots by the replacement of only 30% of the evapotranspirated water, 

and the control plants received 100% replacement. The daily control of 

evapotranspiration was carried out using the gravimetric method (Catuchi, 2011). Soil 

moisture contents were monitored by humidity and temperature sensors (Prochek®, 

Decagon Devices). 

 

CO2 and H2O gas-exchange 

At 35 days of plant growth the physiological parameters related to photosynthesis were 

evaluated through an infrared gas analyzer (IRGA, model Li- 6400XTR, Li-Cor). Spot 

measurements were performed on 5 plants per treatment under photons saturating 

irradiance of 1,200 μmol m
-2

 s
-1

. The following parameters were evaluated: liquid 

assimilation of CO2 (A, mmol m
-2

 s
-1

), stomatal conductance (gs, mmol m
-2

 s
-1

 H2O), 

intercellular CO2 concentration (Ci, ppm) and transpiration (E, mmol m
-2

 s
-1

 of H2O). 

From these variables, the water use efficiency was calculated as A/E (WUE, mmol mol
-1

). 

 

Plant growth analysis 

The plants were harvested 40 days after sowing, separating the root system and 

above-ground biomass to determine dry biomass. The shoot was separated from the root 

2 cm above the soil level and washed in water containing mild detergent to remove soil. 

The quantification of biomass dry weight was performed in the laboratory after drying 

the material on forced ventilation oven (60-70 °C) to constant weight. The evaluation of 

the growth promotion was carried out by comparing the dry root and shoot masses of 

the inoculated plants and control, within each water replacement condition. 

 

Data analysis 

The data obtained as mean value of five replicates and significance was considered at 

the 95% confidence level. Normality test and ANOVA using SISVAR software 

(Ferreira, 2014) was performed to evaluate the effect of rhizobacteria at water stressed 

and non-stressed conditions and the Tukey test was used to compare the means. 



Barradas et al.: Bacillus subtilis [Ehrenberg. (1835) Cohn 1872] improves water use efficiency in maize under drought conditions 

and two light intensities 

- 3888 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 16(4):3885-3895. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1604_38853895 

 2018, ALÖKI Kft., Budapest, Hungary 

Results 

ANOVA showed highly significant (P ≤ 0.05) effects of treatments with B. subtilis in 

in most variables analyzed. It is also possible to emphasize the interactions found 

between aerial part and concentration of intercellular CO2 in the two light intensity 

(Table 1). 

 
Table 1. ANOVA results of treatments into stress in H (high) and L (low) intensity with F 

values 

Sources 
Shoot Root A Ci gs E WUE 

H L H L H L H L H L H L H L 

Treatment ns * * * ns * * * * * ns * * * 

Stress * * ns * ns ns ns ns ns ns ns ns * ns 

T x S * * ns ns ns ns * * * ns ns ns * ns 

*P ≤ 0.05; ns: not significant 

 

 

Plant growth analysis 

The highest luminous intensity (900 μmol m
-2

 s
-1

) promoted a reduction on shoot 

growth under drought condition, but did not alter root growth. Although rhizobacteria 

could ameliorate the drought stress, the inoculation of both strains of B. subtilis was not 

able to interfere significantly with the damages caused by drought in plant growth 

(Table 2). For root growth, B. subtilis (PRBS-1) reduced the root biomass in the non-

stressed-plants, when compared to the non-inoculated control. 

 
Table 2. Shoot and root growth as a function of inoculation with B. subtilis in maize plants 

submitted to water stress under high light intensity 

Treatments 
Shoot dry mass (g plant

-1
) Root dry mass (g plant

-1
) 

Without water stress With water stress Without water stress With water stress 

Non-inoculated 1.86±0.2 aA 1.48±0.2 aB 2.89±0.5a 2.59±0.3 a 

B. subtilis AP-3 1.99±0.3 aA 1.48±0.4 aB 2.27±0.5 ab 2.10±0.2 a 

B. subtilis PRBS-1 2.04±0.3 aA 1.42±0.3 aB 1.86±0.3 b 2.50±0.4 a 

Mean ± standard error. Values followed by distinct letters, lowercase in the columns and upper case in 
the lines, differ by Tukey test at 5% 

 

 

In the second experiment under a lower luminous intensity (300 μmol m
-2

 s
-1

), maize 

plants showed different responses regarding the presence of rhizobacteria than those 

found under the greater luminous intensity. It was found that plant inoculation with the 

B. subtilis (PRBS-1) resulted in increased shoot and root biomass production under 

drought condition (Table 3). 

 

CO2 and H2O gas-exchange 

Under high light intensity, maize did not show significant changes in photosynthetic 

parameters in non-inoculated plants under drought condition, but there was an increase 

in water use efficiency. Inoculation of maize with B. subtilis (PRBS-1) promoted a 

reduction in the rate of CO2 assimilation and stomatal conductance when the plants 
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underwent drought condition as compared to the non-stressed plants (Table 4). Under 

drought condition, plants inoculated with B. subtilis (AP-3) showed a significant 

reduction in intercellular CO2 concentration. On the other hand, under normal condition, 

B. subtilis (AP-3) provided the highest rates of intercellular CO2 than non-inoculated 

plants. 

Maize plants inoculated with B. subtilis (AP-3) showed higher water use efficiency 

compared to non-inoculated plants, both under normal and drought condition (Table 5). 

However, the plant-water saving observed in the inoculated plants was not reflected in 

the improvement or maintenance of the physiological variables related to 

photosynthesis. It suggests that, under high luminous intensity, the economy of water 

may have been resulting of other effects promoted by the presence of PGPR. 

 
Table 3. Shoot and root growth as a function of inoculation with B. subtilis in maize plants 

submitted to water stress under low light intensity 

Treatments 
Shoot dry mass (g plant

-1
) Root dry mass (g plant

-1
) 

Without water stress With water stress Without water stress With water stress 

Non-inoculated 2.21±0.09 bA 0.59±0.09 bB 0.93±0.18 aA 0.40±0.08 bB 

B. subtilis AP-3 2.14±0.08 bA 0.70±0.06 bB 0.90±0.2 aA 0.47±0.1 bB 

B. subtilis PRBS-1 2.37±0.06 aA 1.71±0.15 aB 0.98±0.25 aA 0.80±0.15 aA 

Mean ± standard error. Values followed by distinct letters, lowercase in the columns and upper case in 
the lines, differ by Tukey test at 5% 

 

 
Table 4. Net assimilation of CO2 (A), intercellular CO2 concentration (Ci) and stomatal 

conductance (gs), as a function of inoculation with B. subtilis in maize plants subjected to 

water stress under high light intensity 

Treatments 

A 

(μmol CO2 m
-2

 s
-1

) 

Ci 

(ppm) 

gs 

(mmol H2O m
-2 

s
-1

) 

Without 

water stress 

With water 

stress 

Without 

water stress 

With water 

stress 

Without 

water stress 

With water 

stress 

Non-inoculated 11.7±1.8 13.1±1.7 207±22 bA 188±19 aA 82±8.9aA 91±11aA 

B. subtilis AP-3 11.4±1.9  13.8±2.0 276±28 aA 214±25 aB 95±7.3aA 85±9.0aA 

B. subtilis PRBS-1 15.0±2.3  10.6±1.8 225±27 abA 238±29 aA 103±12aA 70±8.5aB 

Mean ± standard error. Values followed by distinct letters, lowercase in the columns and upper case in 

the lines, differ by Tukey test at 5% 

 

 
Table 5. Transpiration rate (E) and water use efficiency (WUE) as a function of inoculation 
with B. subtilis in maize plants submitted to water stress under high light intensity 

Treatments 

E 

(mmol H2O m
-2

 s
-1

) 

WUE 

(mol CO2 mol H2O
-1

) 

Without water stress With water stress Without water stress With water stress 

Non-inoculated 2.0±0.3  2.2±0.5  4.5±0.5 cB 5.9±0.3 bA 

B. subtilis AP-3 2.1±0.4  2.0±0.6  5.5±0.4 bB 6.6±0.3 aA 

B. subtilis PRBS-1 2.3±0.3  1.8±0.4  6.4±0.4 aA 5.6±0.2 bA 

Mean ± standard error. Values followed by distinct letters, lowercase in the columns and upper case in 

the lines, differ by Tukey test at 5% 
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With lower luminous intensity (300 μmol m
-2

 s
-1

) the assimilation and intercellular 

concentration of CO2 were reduced in the non-inoculated plants under drought 

condition. In the absence of drought, plants inoculated with B. subtilis (PRBS-1) 

showed a lower photosynthetic rate as compared to the non-inoculated plants; this 

condition could be explained by the decrease in stomatal conductance (Table 6). 

However, under drought condition, inoculation of plants with both B. subtilis (AP-3 and 

PRBS-1) did not result in photosynthesis alteration; although plants inoculated with the 

B. subtilis (PRBS-1) have shown higher intercellular CO2 concentration and lesser 

stomatal conductance. 

Inoculation with B. subtilis promoted a lesser transpiration in plants under drought 

condition. It means that inoculated plants presented lower water losses, as a direct 

consequence of the stomatal conductance reduction. However, this reduction of 

stomatal conductance in inoculated plants was not sufficient to decrease the 

photosynthetic activity. This fact may have contributed to the improvement of the 

inoculated plants’ performance in terms of water use efficiency (Table 7), both under 

normal and drought conditions. 

 
Table 6. Net assimilation of CO2 (A), intercellular CO2 concentration (Ci) and stomatal 
conductance (gs), as a function of inoculation with B. subtilis in maize plants subjected to 

water stress under low light intensity 

Treatments 

A 

(µmol CO2 m
-2

 s
-1

) 

Ci 

(ppm) 

gs 

(mmol H2O m
-1

 s
-1

) 

Without 

water stress 

With water 

stress 

Without 

water stress 

With water 

stress 

Without 

water stress 

With water 

stress 

Non- inoculated 4.91±0.4a 4.05±0.3 a 308±54 aA 171±35 bB 39±2.6 a 36± 2.1 a 

B. subtilis AP-3 4.00±0.3 ab 3.76±0.4 a 284±32 aA 216±48 abA 30±2.1 b 28±3.0 b 

B. subtilis PRBS-1 3.15±0.3 b 3.52±0.2 a 238±42 aA 258±42 aA 26±1.9 b 25±1.7 b 

Mean ± standard error. Values followed by distinct letters, lowercase in the columns and upper case in 
the lines, differ by Tukey test at 5% 

 

 
Table 7. Transpiration rate (E) and water use efficiency (WUE) as a function of inoculation 

with B. subtilis in maize plants submitted to water stress under low light intensity 

Treatments 

E 

(mmol H2O m
-2

 s
-1

) 

WUE 

(mol CO2 mol H2O
-1

) 

Without water 

stress 

With water 

stress 

Without water 

stress 

With water 

stress 

Non-inoculated 0.40±0.09 a 0.47±0.11 a 8.2±1.1 b 10.1±0.9 c 

B. subtilis AP-3 0.36±0.08 ab 0.30±0.05 b 13.9±1.9 a 12.6±1.2 a 

B. subtilis PRBS-1 0.25±0.05 b 0.29±0.06 b 10.7±1.3 a 12.3±1.1 b 

Mean ± standard error. Values followed by distinct letters differ by Tukey test at 5% 

 

 

Comparing the behavior of the plants inoculated with B. subtilis (AP3) in relation to 

the non-inoculated plants, it was observed that in the condition of low light intensity 

there were larger changes in the photosynthetic parameters of the inoculated plants 

(Fig. 1). 
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Figure 1. Percentage variations found in photosynthetic parameters in corn (A = transpiration; 

Ci = intercellular CO2 concentration; Gs = stomatal conductance; E = Net assimilation of CO2 

and WUE = water use efficiency) In the comparison of plants in the treatment with B. subtilis 
(AP-3) with those of the control treatment under water stress and two light intensities: low 

(300 μmol m
-2

 s
-1

); high (900 μmol m
-2

 s
-1
) 

Discussion 

Net CO2 assimilation rate (A) increased with the increase of light intensity but did 

not correlate with increased conversion of CO2 to carbohydrates (Sun et al., 2012). In 

our study it was verified that the plants under high luminous intensity assimilated more 

than twice CO2 and presented greater stomatal conductance compared to the plants 

under low light intensity. However, the concentration of intercellular CO2 (Ci) was 

similar in both conditions. One of the primary effects of drought condition in plants is 

related to the partial or total closure of the stomata (Lopes and Lima, 2015). However, 

other studies have shown that photosynthesis is not only regulated by the CO2 diffusion 

through stomata, and that other non-stomatal factors can affect photosynthetic activity 

in response to stressful environments (Becker and Fock, 1986; Yuet et al., 2009). 

Becker and Fock (1986) reported the reduction of CO2 assimilation, but did not observe 

changes in intercellular CO2 (Ci), in plants under drought condition. However, these 

authors found a marked reduction in the activity of important enzymes in the 

photosynthetic process. 

Confirming hypothesis, the results found in our study suggest that B. subtilis can 

ameliorate the deleterious effects of drought stress, by interfering with the gas flow 

related to photosynthesis, and water status of the plants. However, this activity was 

affected by light intensity, because in the low light intensity there were significant 

changes in few parameters evaluated, including plant growth. Based on the interactions 

found by ANOVA (Table 1), it was observed that the high light intensity condition 

provided stress interactions with the treatments in the stomatal conductance and water 

use efficiency parameters, which was absent in the low light intensity condition. 

Li et al. (2016) concluded that leaf application of B. subtilis in beans (Phaseolus 

vulgaris) improved the efficiency of water use, mainly by the closure of the stomata. 

These same authors also reported that the restriction of photosynthesis can be attributed 

to the reduction of the atmospheric CO2 input caused by the stomatal limitation induced 

by the presence of the rhizobacteria. B. subtilis (PRBS-1) inoculation in maize resulted 
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in lower stomatal conductance when plants were subjected to water stress conditions. 

The partial reduction of stomatal conductance proportionally limits transpiration more 

than CO2 entry into leaves (Chaves and Oliveira, 2004). Our results corroborate this 

findings, since in the condition of lower luminous intensity, the effects of rhizobacteria 

inoculation occurred by the reduction of transpiration under drought condition. 

However, the reduction of transpiration was not followed by a reduction in 

photosynthesis, which resulted in higher water use efficiency (WUE). The observed 

increase in intercellular CO2 concentration as an effect of the PRBS-1 isolate under 

water stress conditions explain the absence of reduction in the photosynthetic activity of 

the inoculated plants. Previous studies also indicated that the accumulation of 

intercellular CO2 acts as a defense mechanism against water deficit, since carbon and 

water retention in foliar tissue are observed with the increase of the WUE (Blum, 2005; 

Tardieu, 2012). 

Liu et al. (2013) concluded that the increase in the growth of Platycladus orientalis 

plants when inoculated with B. subtilis under drought conditions, results from the effect 

of increased cytokinin concentration in the leaves. It is also noteworthy that the B. 

subtilis isolates used in this study have already been characterized as phytohormone 

producers (Araujo et al., 2005). However, it is well known that when plants are 

stimulated to close the stomata in stressful situations, there may be an improvement in 

their efficiency in the use of water (Davies et al., 2002). Our results showed higher 

values of water use efficiency in B. subtilis inoculated plants, besides increased plant 

growth when plants were submitted to water stress in lower light intensity conditions, 

when compared to non-inoculated plants. However, the interaction with water stress 

only occurred with the condition of high luminous intensity. 

In the analysis of the parameters related to the gas exchange, for both water regimes 

it was verified that in the condition of lower light intensity, the plants were more 

responsive to the rhizobacteria inoculation, mainly in the condition of water stress. In 

Figure 1 it can be verified that the isolate AP-3 of B. subtilis provided better 

photosynthetic performances in the plant when it was cultivated in the condition of 

lower luminosity. Under a lower luminous intensity, there was a reduction in stomatal 

conductance and consequently lower water loss due to transpiration as the effects of B. 

subtilis plant inoculation. The reduction of transpiration in plants inoculated by 

rhizobacteria has been reported by Bresson et al. (2013) as a mechanism supporting 

plant tolerance to drought. Messina et al. (2015) concluded that maize hybrids with 

limited transpiration characteristics would be more suitable for cultivation in regions 

with a higher prevalence of dry periods. In this respect, it was observed that B. subtilis 

(PRBS-1) reduced the transpiration of maize plants even in the absence of water deficit, 

and on the other hand, promoted a significant increase of plant dry mass (Table 6). 

However, when the plants were conducted under higher luminous intensity, the 

transpiration was not influenced by water stress or rhizobacteria inoculation. 

Few studies compare the photosynthetic activity of corn in different conditions of 

light flux, under water stress. It is known that C4 plants have great potential for 

acclimatization to environmental changes and that too much light absorption can cause 

serious problems, which is why special mechanisms protect the photosynthetic system 

from excessive light (xanthophyll cycle). The multiple levels of photosynthesis control 

enable plants to successfully grow in a changing environment with different habitats 

(Taiz and Zeiger, 2004). In a study with maize growth in two light conditions under 

direct sunlight (2000 μmol m
-2

 s
-1

) and in the growth chamber (400 μmol m
-2 

s
-1

), plants 
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grew 2.3 times more at the lowest luminous density (Usuda et al., 1985). In our study, 

the plants in conditions of low light density had lower photosynthetic rates and also had 

decreased shoot growth. Mojses and Kalapos (2008) in a study with luminous intensity 

variation in invasive and non-invasive C4 plants verified differences and the adaptation 

potential of these plants to semiarid conditions, represented by the lower luminous 

intensity, where there was a greater reduction of gas exchange by stomata and an 

increase in water use efficiency. The condition of lower light intensity in corn and 

inoculation of B. subtilis (AP-3) also resulted in greater closure of the stomata and 

increase in water use efficiency, comparing the non-inoculated plants (Fig. 1). In this 

sense, maize cultivation in tropical regions, at times of the year with less light radiation, 

such as winter, can provide better responses to inoculation of rhizobacteria in order to 

mitigate the effects of drought. 

Several studies have already presented the potential of the B. subtilis rhizobacterium 

as a plant growth promoter, highlighting the production of antibiotics in the control of 

pathogens (Araujo et al., 2005); production of growth regulators (Molla et al., 2001) and 

nutrient solubilization (Kim et al., 1998), among others. In addition to these benefits 

previously presented in other studies, we can indicate that this species demonstrates 

potential to reduce the damages caused by water stress in agricultural crops, confirming 

what has already been reported by Li et al. (2016), who concluded that B. subtilis acts as 

a regulator of photosynthesis and promotes improvements in the efficiency of water use. 

However, light intensity can influence this regulation by factors not evaluated in this 

study. In this sense, our findings on the effects of the inoculation of B. subtilis on maize 

growth, in water deficit conditions, may foster new studies about this mechanism of 

action with a focus on field experiments. 

Conclusion 

In conclusion, the inoculation of B. subtilis increased the water use efficiency in 

maize plants subjected to water stress, under two light intensities. The maize gas 

exchange response to water stress and presence of rhizobacteria were differentiated for 

the two light conditions. The low light intensity condition provided lower stomatal 

conductance and greater efficiency in water use, in plants inoculated with Bacillus 

subtilis AP-3 under conditions of water deficit. The high intensity condition provided 

significant differences in the reduction of stomatal conductance in plants with stress 

compared to plants without stress when inoculated with B. subtilis PRBS-1. 
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