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Prologue 

 

Advances in Biology through Agronomy, Aquaculture, Coastal and Environmental 

Sciences, Volume II, is an e-book that continues the work of the first version 

(https://editorapantanal.com.br/ebooks/2023/advances-in-biology-through-agronomy-aquaculture-

coastal-and-environmental-sciences/ebook.pdf ), published in 2023 by Leandris Argentel-Martínez and 

Ofelda Peñuelas-Rubio. 

Our e-book compiles 25 manuscripts that present scientific results and reviews based on 

biological aspects. All of they contribute to explaining the responses of living organisms to agricultural, 

aquaculture, and coastal ecosystems, as well as those facing fragility or threat of climate change. This e-

book was edited by Leandris Argentel-Martínez, Ofelda Peñuelas-Rubio, and Joe Luis Arias-Moscoso, 

members of the Consolidated Academic Group ITVAYA-CA-3. 

We appreciate the contribution of al authors for their careful attention to the editorial committee's 

recommendations. The review process was double-blind and conducted by internationally renowned 

researchers.  

Special thanks to the members of the BioSecuraNet International Network for Biotechnology 

and Innovative Strategies for Global Food Security at the National Technological Institute of Mexico.  

 

The Editors  

  

https://editorapantanal.com.br/ebooks/2023/advances-in-biology-through-agronomy-aquaculture-coastal-and-environmental-sciences/ebook.pdf
https://editorapantanal.com.br/ebooks/2023/advances-in-biology-through-agronomy-aquaculture-coastal-and-environmental-sciences/ebook.pdf
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ABSTRACT 

Salinity caused by the excess dissolved salts in the soil solution or irrigation water is among the abiotic 

stresses that most limit the development and yield of agricultural crops. This study was conducted with 

the objective of evaluating the effect of inoculation of the Bacillus aryabhattai strain CMAA 1363 on the 

induction of tolerance in maize (Zea mays L.) and peanut (Arachis hypogaea L.) plants grown under high-

salinity conditions. Two bioassays were conducted to investigate the effects of Bacillus aryabhattai strain 

CMAA 1363 on the growth and vigor of maize (Bioassay 1) and peanut (Bioassay 2) plants grown under 

different salinity levels. The two bioassays were arranged in a completely randomized experimental design 

in a 2 × 4 factorial scheme with four replicates of 50 seeds. The studies consisted of two microbial 

treatments (noninoculated plants (control) and plants inoculated with B. aryabhattai strain CMAA 1363) 

and four levels of irrigation water salinity [0.0 MPa (control), –0.1 MPa (mild saline stress), –0.4 MPa 

(moderate saline stress) and –0.8 MPa (severe saline stress)]. The germination capacity (GC), germination 

speed index (GSI), mean germination time (MGT), mean germination rate (MGR) and early growth of 

the maize and peanut plants were measured. Inoculation with the Bacillus aryabhattai strain CMAA 1363 

effectively mitigated the negative effects of salt stress on maize and peanut plants. These findings indicate 

that inoculation with B. aryabhattai in maize and peanut plants may be a sustainable alternative to enhance 
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the development of maize and peanut crops under saline soil conditions or with the use of saline water 

for irrigation. 

Keywords: Salinity; agricultural crops; Zea mays L.; Arachis hypogea L. 

 

INTRODUÇÃO 

Salinity caused by the excess dissolved salts in the soil solution or irrigation water is among the 

abiotic stresses that most limit the development and yield of agricultural crops (Zuffo et al., 2020; Atta 

et al., 2023; Khasanov et al., 2023). Currently, approximately 40% of the world's food is produced in 

irrigated areas, with Brazil being the sixth largest producer of food in irrigated areas in the world (i.e., 8.5 

million hectares irrigated) (FAO, 2023). However, approximately 20–25% of the world’s irrigated areas 

suffer from soil salinization (Hassan et al., 2021; Khasanov et al., 2023). Soil salinization has intensified 

in recent years because of the inappropriate and excessive use of mineral fertilizers, inadequate irrigation 

and drainage management, and irrigation with saline water (Stavi et al., 2021). In Brazil, soil salinity is 

more common in the arid and semiarid regions of the northeast and in the Pantanal region (Pessoa et al., 

2022). 

The effects of soil or irrigation water salinity on plants can occur directly and indirectly. Salinity 

stress directly affects plant growth through osmotic, ionic, and oxidative effects (Acosta-Motos et al., 

2017; Taiz et al., 2017). The osmotic effect reduces the water potential of the soil solution, delaying the 

germination rate and plant growth because of limited water absorption by seeds and plants (Acosta-

Motos et al., 2017; Zuffo et al., 2020). Ionic and oxidative effects result from the accumulation of specific 

phytotoxic ions that increase the production of reactive oxygen species (ROS), ionic imbalance of the 

cytosol, damage to the functions of cell membranes and walls, and interference in the physiological 

processes of plants (indirect effects) (Acosta-Motos et al., 2017; Zelm et al., 2020; Gong, 2021). 

The response of plants to saline stress includes a series of biochemical, physiological, and 

morphological changes (Acosta-Motos et al., 2017; Kumar et al., 2020; Gao et al., 2022), which constitute 

the strategies and/or mechanisms of plant tolerance to salinity. The main tolerance strategies for 

mitigating saline stress are associated with increased water use efficiency, the production of plant 

hormones, osmotic adjustment, the production of antioxidant enzymes, and the activation of cellular 

signaling and messengers that improve plant metabolic reactions under saline conditions (Numan et al., 

2018). These strategies aim to maintain plant growth and development under saline conditions. However, 

the plant response depends on the severity of the stress and the plant species or genotype (Taiz et al., 

2017). Maize (Zea mays L.) and peanut (Arachis hypogea L.) plants are considered moderately salinity-

tolerant crops, with soil salinity thresholds of 1.7 and 3.2 dS m–1, respectively (Gheyi et al., 2016). 

However, relatively high salinity levels can drastically affect plant germination and growth. 
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Among the strategies used to mitigate the adverse effects induced by salinity, the application of 

biofertilizers based on plant growth-promoting rhizobacteria (PGPR) has been used to improve the 

germination uniformity and plant growth rate under saline stress conditions (Numan et al., 2018; Kumar 

et al., 2020; Mishra et al., 2021; Gao et al., 2022). Some PGPR possess specialized mechanisms that play 

key roles in salinity tolerance and plant growth stimulation. These bacteria improve hormonal and 

nutritional metabolism, osmotic regulation, signal transduction, and the synthesis of volatile organic 

compounds (acetoin and 2,3-butanediol), which can stimulate plant growth, especially in the root system, 

and improve the recovery capacity of seedlings when they are exposed to saline stress (Numan et al., 

2018; Sarkar et al., 2018; Ayaz et al., 2022). 

Among the PGPR with the potential to mitigate the adverse effects of salinity, species of the 

genus Bacillus have been extensively studied for the inoculation of some agricultural plants (Liu et al., 

2017; Ferreira et al., 2018; Ansari et al., 2019; Ibarra-Villarreal et al., 2021; Ayaz et al., 2022). Upadhyay 

& Singh (2015) reported that the application of Bacillus aquimaris increased nutrient uptake by wheat 

plants, resulting in greater tolerance to saline conditions. Ansari et al. (2019) reported that inoculation 

with B. pumilus stimulated plant growth and alleviated saline stress in wheat plants. Similarly, Ferreira et 

al. (2018) reported that inoculation with B. subtilis improved plant growth and attenuated the biochemical 

damage induced by saline stress in maize plants. Other studies have also proven the effectiveness of using 

B. pumilus in rice plants (Khan et al., 2016), B. paralicheniformis in wheat plants (Ibarra-Villarreal et al., 

2021), and B. amyloliquefaciens in Arabidopsis thaliana plants (Liu et al., 2017) and rice (Nautiyal et al., 2013) 

in improving plant tolerance to salinity. However, the effects of Bacillus aryabatthai inoculation on the 

induction of plant tolerance to salinity are still unclear. 

This study was conducted with the objective of evaluating the effect of inoculation of the Bacillus 

aryabhattai strain CMAA 1363 on the induction of tolerance in maize (Zea mays L.) and peanut (Arachis 

hypogaea L.) plants grown under high-salinity conditions. 

 

MATERIAL E MÉTODOS 

Plant material and treatments 

Two bioassays were conducted at the Laboratory of Plant Ecophysiology and Sustainable 

Agriculture (L-PESA), State University of Mato Grosso do Sul, Cassilândia, Mato Grosso do Sul, Brazil, 

to investigate the effects of Bacillus aryabhattai strain CMAA 1363 on the growth and vigor of maize 

(Bioassay 1) and peanut (Bioassay 2) plants grown under different salinity levels. Seeds from commercial 

maize and peanut genotypes were purchased from agricultural retailers in the municipality of Chapadão 

do Sul, Mato Grosso do Sul, Brazil. These genotypes were chosen because they are widely recommended 

for cultivation in the Brazilian Cerrado region. The main characteristics of the maize and peanut seeds 

are shown in Table 1. 
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Table 1. Water content, thousand-seed mass and germination rate of the maize and peanut seeds used 
in this study 

Crop Cultivar Water content 

(%) 

Thousand seed mass 

(g) 

Germination 

(%) 

Maize DKB 360 PRO3 11.58 242 100 

Peanut IAC 503   6.30 778   94 

 

Microorganisms 

The B. aryabhattai strain CMAA 1363 used in this study originated from the commercial inoculant 

Auras®, a product licensed by Embrapa and marketed by NOOA Ciência e Tecnologia Agrícola and 

registered in the Ministry of Agriculture, Livestock and Food Supply—MAPA under No 0007579000003. 

This bacterial strain was initially isolated from the mandacaru root in the Brazilian caatinga biome and 

belongs to the microorganism collection of Embrapa Meio Ambiente (Kavamura et al., 2017). For 

inoculum development, the commercial strain CMAA 1363 was grown in Petri dishes (9.0 × 1.5 cm) with 

solid Luria Bertani (LB) culture medium (10 g L–1 peptone, 5 g L–1 yeast extract, 5 g L–1 NaCl, 15 g L–1 

agar; pH 7.0) for 72 h at 28 ± 2 °C, 60% relative humidity and a 12 h photoperiod. After the incubation 

period, the concentration of the strain CMAA 1363 was evaluated using the serial dilution method and 

standardized to 1.0 × 109 colony forming units per milliliter (CFU mL–1). 

 

Experimental Design and Treatments 

The two bioassays were arranged in a completely randomized experimental design in a 2 × 4 

factorial scheme with four replicates of 50 seeds. The studies consisted of two microbial treatments 

(noninoculated plants (control) and plants inoculated with B. aryabhattai strain CMAA 1363) and four 

levels of irrigation water salinity [0.0 MPa (control), –0.1 MPa (mild saline stress), –0.4 MPa (moderate 

saline stress) and –0.8 MPa (severe saline stress)]. 

The strains of B. aryabhattai CMAA 1363 were applied to the sowing furrow at a dosage of 2.0 L 

ha−1 of the suspension containing the microbial inoculum (100 μL of microbial solution per meter of 

sowing furrow) at a concentration of 1.0 × 109 CFU mL−1. The solution containing the microbial 

inoculum was applied to the seeding furrow using a micropipette and adjusted to apply 6.0 mL of solution 

per meter of furrow (equivalent to 120 L ha−1 of spray volume). 

The plants were irrigated daily with iso-osmotic solutions of 0.0, –0.10, –0.40 and –0.80 MPa 

prepared with sodium chloride (NaCl). The amount of NaCl added to obtain saline solutions with distinct 

levels of osmotic pressure was calculated by the van't Hoff equation (Hillel, 1971): Ψs = −RTCi, where 

ΨS is the osmotic pressure (MPa), R is the universal constant of noble gas (0.008314 MPa mol−1 K−1), T 

is the absolute temperature (273.15 + °C), C is the molar concentration of the solute (mol L−1) and i is 
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the van't Hoff factor, that is, the number of ions released when the solute is dissolved in water [i.e., for 

NaCl, this value is 2.0 (Na+ and Cl−). 

 

Plant Growth Conditions 

The seeds were sown in plastic containers (44 × 30 × 7.5 cm) filled with sterilized quartz sand at 

a depth of 2.0 cm. The sand was sieved through a mesh with a diameter of 0.05 to 0.8 mm and then 

moistened with different solutions at 70% of the substrate’s water retention capacity (BRASIL, 2009), 

which was equivalent to 150 mL kg–1 aqueous solution. The plastic containers were kept under laboratory 

conditions using artificial light supplemented with red (620–630 nm) and blue (455–475 nm) wavelengths 

at ratios of 85% (red) and 15% (blue) from light-emitting diodes (LEDs) at a 180 ± 50 μmol m–2 s–1 light 

intensity, a 12/12 h photoperiod (light/darkness), and a temperature of 25.4 °C (± 2.1 °C) for 18 days. 

The substrate moisture content was monitored daily at 3:00 p.m. using the gravimetric method by 

weighing the plastic containers. The moisture content of the substrate was maintained at 70% of the 

water retention capacity of the sand through daily irrigation. 

 

Measurements of Germination and Seedling Growth 

The germination capacity (GC), germination speed index (GSI), mean germination time (MGT), 

mean germination rate (MGR) and early growth of the maize and peanut plants were measured. 

Equations 1–5 and the parameters therein were employed to express the seed germination and plant vigor 

index. 

GC (%) = SNG/SN0 × 100        [Eq. 1] 

where GC is the germination capacity, SNG is the number of germinated seeds, and SN0 is the 

number of viable experimental seeds (50 seeds). 

GSI = Σ(ni/ti)                     [Eq. 2] 

where GSI is the germination speed index (seed day-1), ni is the number of germinated seeds on a 

given day, and ti is the time in days from the sowing day (Maguire, 1962). 

MGT = (Σniti)/Σni        [Eq. 3] 

where MGT is the mean germination time (day), ni is the number of germinated seeds on a given 

day, and ti is the time in days from the sowing day (Laboriau, 1983). 

LVI = [TL(m) × GC (%)        [Eq. 4] 

where LVI is the plant length vigor index, TL is the total plant length and GC is the seed 

germination capacity (Abdul-Baki and Anderson, 1973). 

WVI = TDM(g) × GC (%)       [Eq. 5] 
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where WVI is the plant weight vigor index, RDM is the total dry matter and GC is the seed 

germination capacity (Abdul-Baki and Anderson, 1973). 

After 18 days of exposure to salinity stress, ten seedlings per replicate were randomly chosen to 

measure the length and dry matter of the shoot and roots. The shoot length (SL), root length (RL), and 

total plant length (TL) were measured using a meter scale. The shoot dry matter (SDM), root dry matter 

(RDM), and total plant dry matter (TDM) were recorded on an analytical balance (±0.0001 g) after oven 

drying at 85 °C for 48 h. 

 

Statistical analysis 

The data were previously tested for homoscedasticity of variances (Levene test; p > 0.05) and 

normality of residues (Kolmogorov–Smirnov test; p > 0.05) and then subjected to analysis of variance 

(ANOVA). The means of the treatments were compared by the Tukey test at the 0.05 level of confidence. 

The analyses were performed using Rbio® software version 140 for Windows (Rbio Software, UFV, 

Viçosa, MG, BRA). 

 

RESULTADOS E DISCUSSÃO 

In bioassay 1, analysis of variance revealed significant effects (p < 0.05) of Bacillus aryabhattai 

inoculation and salinity level on most germination, initial growth, and vigor traits of the maize plants, 

except for germination capacity. The interaction effect between B. aryabhattai inoculation and salinity level 

was significant (p < 0.05) for most of the evaluated characteristics, except for germination capacity (Table 

2). 

 

Table 2. Summary of the analysis of variance for the effects of microbial inoculation with Bacillus 
aryabhattai and salinity levels on the germination traits, initial growth, and vigor of maize and peanut 
plants. 

Causes of variation 
Probability > F 

GC GSI MGT SL RL TL SDM RDM TDM LVI WVI 

 Bioassay 1 (Maize) 

Microbial inoculation (I) 0.25 0.08 0.04 0.01 0.01 0.01 0.01 0.01 0.02 0.03 0.01 

Salinity level (S) 0.12 0.01 0.02 0.01 0.01 0.01 0.01 0.03 0.01 0.01 0.02 

I × S 0.32 0.04 0.01 0.04 0.01 0.01 0.01 0.02 0.01 0.02 0.01 

CV (%) 4.78 5.34 4.78 8.95 7.56 6.92 8.39 7.64 9.21 6.71 7.47 

 Bioassay 2 (Peanuts) 

Microbial inoculation (I) 0.03 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

Salinity level (S) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

I × S 0.02 0.01 0.01 0.01 0.01 0.01 0.03 0.01 0.04 0.03 0.04 

CV (%) 7.53 9.03 8.57 4.35 5.59 4.02 9.14 8.17 6.48 8.85 9.86 

GC: germination capacity; GSI: germination speed index; MGT: mean germination time; SL: shoot length; RL: root length; 
TL: total plant length; SDM: shoot dry matter; RDM: root dry matter; TDM: total plant dry matter; LVI: plant length vigor 
index; WVI: plant weight vigor index. 
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In bioassay 2, the results of the analysis of variance revealed that the effects of isolation and 

interactions between B. aryabhattai inoculation and salinity level were significant (p < 0.05) for all the traits 

of germination, initial growth, and vigor of the peanut plants (Table 2). 

The coefficient of variation (CV) values obtained in the two experimental trials were less than 

10% for all the dependent variables measured in the maize and peanut seedlings, a value considered low 

for the agricultural experiments (Table 2). According to Gomes (2000), the CV is a measure of dispersion 

used to estimate the precision of the experiment, and when the values are less than 10%, it indicates that 

the results of the experimental trial have excellent precision. 

 

Figure 1. Effects of salinity on the germination capacity (A and B), germination speed index (C and D), 
and mean germination time (E and F) of maize (A, C, E) and peanut (B, D, F) plants not inoculated or 
inoculated with Bacillus aryabhattai strain CMAA 1363. Bars followed by distinct letters, lowercase for B. 
aryabhattai inoculation or uppercase for salinity levels, show significant differences according to Tukey's 
test at 5% probability. Data refer to mean values (n = 40) ± standard error of the mean. 
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the seed germination capacity was significantly lower than that in the no-stress and mild-stress treatments. 

Nevertheless, under severe salinity stress conditions, the germination capacity of peanut seeds increased 

with increasing B. aryabhattai inoculation (Figure 1B). These results showed that B. aryabhattai inoculation 

was effective at improving peanut seed germination capacity under severe salinity conditions, confirming 

the results reported by Lessa et al. (2022). 

The increased salinity resulted in a reduction in the germination speed index of maize (Figure 1C) 

and peanut (Figure 1D) seeds. Oliveira et al. (2022) reported a significant reduction in the germination 

speed index and germination capacity of tomato seeds with increasing salinity levels in irrigation water. 

Under saline conditions, the soil water potential decreases, resulting in a lower capacity for water 

absorption by the seeds, affecting the imbibition process, germination speed, and seed germination 

capacity (Taiz et al., 2017). However, under severe salinity stress, compared with noninoculated plants, 

plants inoculated with B. aryabhattai presented a greater germination speed index. Similar results were 

reported by Abdallah et al. (2016) and Jasim et al. (2015), who reported that inoculation with Bacillus sp. 

was able to stimulate both germination and initial plant growth. This increase in seed germination speed 

may be associated with the ability of bacteria of the genus Bacillus to produce plant hormones (Kang et 

al., 2014), which stimulate the seed germination process. 

Inoculation with B. aryabhattai and irrigation water did not affect the mean germination time of 

maize seeds up to moderate salinity levels (Figure 1E). However, compared with that under other salinity 

levels, the mean germination time under severe salinity stress was significantly longer. Nevertheless, 

inoculation with B. aryabhattai mitigated the delay in the germination process of maize seeds. Increased 

salinity levels resulted in increased mean emergence time of the peanut plants (Figure 1F). However, 

under mild and severe salinity stress, inoculation with B. aryabhattai reduced the average emergence time 

of peanut plants. These findings indicate that inoculation with B. aryabhattai has a beneficial effect against 

saline stress, mitigating the adverse effects of salinity and promoting the germination process. 

Mild saline stress resulted in greater shoot length in maize plants (Figure 2A), with no differences 

between inoculated and noninoculated plants. However, B. aryabhattai inoculation had a positive effect 

on the shoot length of maize plants exposed to moderate stress. With respect to peanut plants, B. 

aryabhattai inoculation resulted in greater shoot length under mild saline stress conditions (Figure 2B). 

Similarly, Kavamura et al. (2013) reported that compared with noninoculated plants, plants inoculated 

with Bacillus sp. were 27% taller. 
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Figure 2. Effects of different levels of irrigation water on shoot length (A and B), root length (C and D) 
and total plant length (E and F) of maize plants (A, C, and E) and peanut plants (B, D, and F) 
uninoculated and inoculated with Bacillus aryabhattai CMAA 1363. Bars followed by distinct lowercase 
letters for the inoculation of B. aryabhattai or uppercase letters for the salinity levels are significantly 
different (Tukey test; p ≤ 0.05). Data refer to mean values (n = 40) ± standard error. 
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of the genus Bacillus (Paul; Harshad, 2024). Researchers report that the use of bacteria of the genus 

Bacillus acts on multiple mechanisms in plants, such as biological nitrogen fixation (Teixeira-Filho; 

Galindo., 2019; Galindo et al., 2020), increasing iron availability (Sivasakth et al., 2014), and solubilizing 

and transporting phosphorus and zinc (Jalal et al., 2022; Rosa et al., 2022). In addition, they improve 

plant growth and development through the production of plant hormones such as gibberellins, 

cytokinins, auxins, and salicylic acid (Zaheer et al., 2019). Tiwari et al. (2017) reported that compared with 

noninoculated rice plants, plants inoculated with Bacillus amyloliquefaciens presented increased total soluble 

sugar levels. In this study, inoculation with B. aryabhattai also improved the growth of maize (Figure 3) 

and peanut (Figure 4) plants, indicating the high potential for using this bacterium in the development of 

modern and sustainable agriculture. 

The greatest root length was observed in maize and peanut plants inoculated with B. aryabhattai 

at all salinity levels (Figures 3 and 4). However, increasing the salinity level of the irrigation water limited 

root growth (Figures 2C and 2D). Lee et al. (2017) reported that the B. aryabhattai strain SR02 improved 

the growth of soybean and rice plants. These researchers reported that the SR02 strain can synthesize 

plant hormones (gibberellin and abscisic acid), which are responsible for the significant increase in the 

number of soybean roots. Yuan et al. (2015) reported that the NJN-6 strain of B. amyloliquefaciens was able 

to synthesize organic acids in banana roots, which improved root growth in these plants. 

 

Figure 3. Maize plants (Zea mays L.) were irrigated for 18 days with different levels of irrigation water 
salinity and inoculated with Bacillus aryabhattai strain CMAA 1363. 
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Figure 4. Peanut plants (Arachis hypogaea L.) were irrigated for 18 days with different levels of irrigation 
water salinity and inoculated with Bacillus aryabhattai strain CMAA 1363. 

 

Similar results were reported by Maio et al. (2021), who reported that B. aryabhattai was able to 

stimulate root growth and promote greater soil water use efficiency. Metoui et al. (2020) reported that 
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water uptake by plants because of osmotic and physiological effects, in addition to causing biochemical 

changes that reduce water use efficiency. 
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moderate salinity level (Figure 5E). Conversely, the total dry matter production of peanut plants 

significantly decreased with increasing salinity levels in the irrigation water. However, inoculation with B. 

aryabhattai resulted in higher total dry matter production at all salinity levels (Figure 5F). These results 

demonstrate that bacteria of the genus B. aryabhattai can mitigate the effects of saline stress, in addition 

to promoting plant growth. 
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Figure 5. Effects of different levels of irrigation water on shoot dry matter (A and B), root dry matter 
(C and D) and total dry matter (E and F) in maize plants (A, C, and E) and peanut plants (B, D, and F) 
uninoculated and inoculated with Bacillus aryabhattai CMAA 1363. Bars followed by distinct lowercase 
letters for the inoculation of B. aryabhattai or uppercase letters for the salinity levels are significantly 
different (Tukey test; p ≤ 0.05). Data refer to mean values (n = 40) ± standard error. 

 

Xu et al. (2022) reported that B. aryabhattai isolated from wild plant species promoted the growth 

of Arabidopsis, N. tabacum, and other plant species. The isolate increased the size and dry matter of the 

plants evaluated, indicating that B. aryabhattai can stimulate the growth of a wide range of plant species. 

In addition to promoting plant growth through the activity of plant hormones and metabolites 

(Radhakrishnan; Lee, 2016), Bacillus species may assist in the induction of endogenous proteins, amino 

acids, and minerals that can promote plant growth (Radhakrishnan; Lee, 2016; Kang et al., 2014). 
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Mild saline stress levels did not significantly affect the plant length vigor index of maize or 

peanuts; however, from the moderate salinity level onward, there was a significant reduction in the plant 

length vigor index (Figures 6A and 6B). Nevertheless, at all the salinity stress levels tested, inoculation 

with B. arybhattai was effective, with a greater length vigor index for both the maize and the peanut plants 

(Figures 6A and 6B). 

 

Figure 6. Effects of different levels of irrigation water on the plant length vigor index (A and B) and 
plant weight vigor index (C and D) of maize (A, C) and peanut plants (B and D) uninoculated and 
inoculated with Bacillus aryabhattai CMAA 1363. Bars followed by distinct lowercase letters for the 
inoculation of B. aryabhattai or uppercase letters for the salinity levels are significantly different (Tukey 
test; p ≤ 0.05). Data refer to mean values (n = 40) ± standard error. 
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Sousa et al. (2021) reported that this decrease can be attributed to irrigation with saline water, 

since the salts present in irrigation water can inhibit the translocation and synthesis of the hormones 
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essential for plant growth, resulting in reduced dry matter production. In this study, at all the stress levels 

tested, the length vigor index increased in the B. aryabhattai-inoculated plants. Furthermore, at the other 

levels, the inoculated plants presented a greater weight vigor index. 

Among the salinity levels, severe stress resulted in a reduction in the weight vigor index (WVI) of 

the maize plants, which did not significantly differ between the plants inoculated with B. aryabhattai and 

those not inoculated with B. aryabhattai (Figure 6C). On the other hand, the WVI of peanut plants 

decreased with increasing salinity. However, compared with noninoculated plants, plants inoculated with 

B. aryabhattai presented a greater WVI at all levels of salinity stress (Figure 6D). 

Morais (2018) reported that inoculation with B. aryabhattai mitigated the negative effects of abiotic 

stress on soybean plants by activating the antioxidant defense system. Liu et al. (2017) reported that 

inoculation of Arabidopsis thaliana plants with the Bacillus amyloliquefaciens strain FZB42 could stimulate 

plant growth under both saline and nonsaline stress conditions. 
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CONCLUSIONS 

Inoculation with the Bacillus aryabhattai strain CMAA 1363 effectively mitigated the negative 

effects of salt stress on maize and peanut plants. These findings indicate that inoculation with B. 

aryabhattai in maize and peanut plants may be a sustainable alternative to enhance the development of 

maize and peanut crops under saline soil conditions or with the use of saline water for irrigation. 
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