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This study aimed to verify the potential of three Aspergillus and Bacillus species as growth promoters in cotton plants under greenhouse conditions. The experiment was conducted with a completely randomized design with seven treatments (six microorganisms plus one control) and five replicates until the flowering stage at 70 days after emergence. The inoculation of cotton plants with Bacillus velezensis (Bv188) and Bacillus subtilis (Bs248 and Bs290) had a positive effect on total nitrogen extraction (899.31, 962.18, and 755.41 mg N/kg dry matter, respectively) compared to the control (459.31 mg N/kg dry weight), total phosphorus extraction (121.94, 124.31, and 99.27 mg P/kg dry matter, respectively) compared to the control (65.10 mg P/kg dry matter), and total dry matter (41.08, 43.59, and 49.86 g/plant, respectively) compared to the control (26.70 g/plant), as well as biomass carbon (72.26, 35.18, and 14.7 mg/kg soil, respectively). Cotton plants inoculated with Aspergillus brasiliensis (F111), Aspergillus sydowii (F112), and Aspergillus sp. (versicolor section) (F113) had higher total nitrogen extraction (953.33, 812.59, and 891.62 mg N/kg dry matter, respectively) compared to the control (459.31 mg N/kg dry matter), a higher total phosphorus (122.30, 104.86, and 118.45 mg P/kg dry matter, respectively) compared to the control (65.10 mg P/kg dry matter), a higher total dry matter (37.52, 37.41, and 53.02 g/plant) compared to the control (26.70 g/plant), and greater respiratory activity (14.98, 10.43, and 7.11 mg CO2/100 g soil, respectively) compared to the control (3.5 mg CO2/100 g soil). The fungi A. brasiliensis (F111) and A. sydowii (F112) promoted higher phosphorus absorption by cotton plants, which was reflected by the lower amount of nutrients in the soil (7.10 and 16.96 g P/dm3 soil) than in the control (26.91 g P/dm3 soil). The results suggest that B. subtilis 248 promoted an increase in phosphorus extracted from the roots and total and phosphorous compounds from the root dry matter and increased the value of soil respiratory activity, and this bacterium could be used as an inoculant in cotton crops.
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INTRODUCTION

Cotton (Gossypium spp.) is a crop of economic importance for Brazil because the country reached production of 2.49 million tons in the 2020/2021 harvest (CONAB, 2021). The uses of cotton extend far beyond fiber, although cotton fiber is the main source for the textile industry. When the boll is opened, the seed of cotton can be used as raw material in the oil industry for human consumption or animal feed (Constable and Bange, 2015; Lima et al., 2016).

Cotton crops have high production costs due to the high demand for mineral fertilizers and pesticides (Khan et al., 2017). Nitrogen is needed in greater quantities than other nutrients in cotton production systems (Hou et al., 2007), and its excessive use causes economic losses and environmental risks. Global estimates indicate that between 85 and 90 million metric tons of nitrogen fertilizer are applied to soil every year, and 40–70% is lost by leaching, with only a small part used by plants; thus, additional nitrogen fertilizer is applied to the soil (Good et al., 2004; Wu and Liu, 2008). Another nutrient that plays an important role in plants is phosphorus, which forms biological molecules; however, its low availability and high fixation in the soil are problems that lead to deficiencies; thus, phosphorus is a limiting factor for plant growth (Anand et al., 2016). In view of the above, the nutritional requirements for cotton production can be addressed by using plant growth-promoting microorganisms (Diaz et al., 2019).

Various microorganisms, such as bacteria, actinobacteria, and fungi, can promote plant growth by fixing atmospheric nitrogen, solubilizing nutrients (not available in special soil types), and increasing nutrient absorption (Spaink, 2000; Harrison, 2005). These microorganisms have the ability to synthesize hormones, including indole acetic acid (IAA), cytokinins, auxins, and gibberellins, which are essential to promote plant growth (van Loon, 2007; Contreras-Cornejo et al., 2009). In addition, they can increase plant growth through the synthesis of secondary metabolites, volatile compounds, and enzymes and increase photosynthesis (Zhang et al., 2008; Vacheron et al., 2013). These microorganisms can also improve plant health and trigger resistance to pathogens and herbivorous insects, thereby inducing systemic defense responses (Van Wees et al., 2008; Segarra et al., 2009; Hossain et al., 2016).

Studies have shown that the use of plant growth-promoting microorganisms as inoculants is a viable strategy in current agricultural production systems (Romero-Perdomo et al., 2017; Numan et al., 2018; Diaz et al., 2019); therefore, the search for new microorganisms must be constant to face current and future problems in cotton crops.

In this context, the aim of this study was to verify whether the microorganisms Bacillus velezensis, Bacillus subtilis, Aspergillus brasiliensis, Aspergillus sydowii, and Aspergillus sp. (versicolor section) have the ability to promote growth in cotton plants under greenhouse conditions.



MATERIALS AND METHODS


Study Location

The experiment was carried out in a greenhouse in the Horticulture Sector of the “Júlio de Mesquita Filho” São Paulo State University (UNESP), Campus of Jaboticabal, São Paulo, Brazil (21°14′28″S, 48°17′23″W). According to the Köppen and Geiger classification, the local climate corresponds to a tropical climate with a dry winter season (Peel et al., 2007), an average temperature of 22°C and an average annual rainfall of approximately 1,340 mm. The predominant soil at the study site is classified as eutrophic red latosol with a clayey texture (52% clay, 23% silt, and 24% total sand) (EMBRAPA Solos, 2018).



Experimental Design and Experiment Management

The experiment was carried out in a completely randomized design with seven treatments (six microorganisms and one control without inoculation) and five replicates. The experiment was carried out until the flowering stage at 70 days after emergence (DAE). Pots with a capacity of 5 L were filled with sieved soil (particles smaller than 1 cm in diameter). Fertilization was carried out according to a soil analysis and according to nutritional recommendations for pot experiments proposed by Malavolta et al. (1989) for cotton crops. The amounts of nutrients used in the soil were as follows: nitrogen (N: 3.33 g urea/pot), phosphorus (P: 5.5 g P2O5/pot), potassium (K: 1.66 g KCl/pot), calcium (Ca: 6.25 g of Super simple SS/pot), magnesium (Mg: 0.5 g MgO/pot), sulfur (S: 3.125 g of SS/pot), zinc (Zn: 0.125 g ZnSO4/pot), boron (B: 0.025 g H3BO3/pot), molybdenum (Mo: 0.002 g molybdate/pot), copper (Cu: 0.03 g CuSO4/pot), and manganese (Mn: 0.08 g MnSO4/pot). All nutrients were mixed with sieved soil 1 week before sowing. The moisture content of the pots was maintained at approximately 70% of the field capacity with daily irrigation. Four cotton seeds (Gossypium hirsutum-IMA7501 WS) were sown per pot, and thinning was carried out 15 days after seedling emergence, maintaining one plant per pot.



Inoculum Preparation

The microorganisms used in the study belong to the collection of the Laboratory of Soil Microbiology, UNESP, Campus of Jaboticabal. These microorganisms (bacteria and fungi), B. subtilis strain Bs248 (Access Number MZ133755), B. subtilis strain Bs290 (Access Number MZ133476), B. velezensis strain Bv188 (Access Number MZ133757), A. brasiliensis strain F111 (Access Number MZ133758), A. sydowii strain F112 (Access Number MZ133759), and Aspergillus sp. versicolor section strain F113 (Access Number MZ133456), were selected because they have growth promotion characteristics, such as phosphorus solubilization, biological nitrogen fixation, and IAA production (Baron et al., 2018; Diaz et al., 2019; Milani et al., 2019).

Each bacterial isolate was multiplied in an Erlenmeyer flask containing 90 ml of sterile nutrient broth and incubated for 24 h at 28°C in a bacteriological incubator. After 24 h of incubation, absorbance readings of each isolate were performed in a spectrophotometer at 630 nm, and in parallel, 100 μl of each isolate was sown in Petri dishes (Kloepper et al., 1989) containing nutrient agar to determine the concentration and adjustment for 108 colony-forming units (CFU/ml).

For fungi, a suspension of conidia was prepared by scraping Petri dishes containing fungi grown on potato dextrose agar for 7–10 days at 25°C. Fungi were scraped with 0.1% Tween 80 in sterile distilled water. Fungi suspensions were filtered to remove excess mycelium. The concentration of each fungus was determined according to the conidia count in a Neubauer chamber and adjusted to 108 spores/ml.

Cotton seeds were individually inoculated with microorganisms (bacteria or fungi) by immersion for 8 h at 25°C (Jaber and Enkerli, 2016). Immersion was carried out in the dark under agitation on a shaking platform at 130 rpm. After the immersion period, cotton seeds were sown in pots containing sieved and fertilized soil as previously described. Cotton seedlings were inoculated every 15 days with 10 ml of suspension containing the respective microorganism at a concentration of 108 CFU or spores/ml. Inoculations were carried out by applying the inoculum to the plant base and stem using a graduated micropipette (Kasvi single-channel premium black k1–1000 PB). Treatments were as follows: Bv188 = B. velezensis strain Bv188, Bs248 = B. subtilis strain Bs248, Bs290 = B. subtilis strain Bs290, F111 = A. brasiliensis strain F111, F112 = A. sydowii strain F112, F113 = Aspergillus sp. versicolor section strain F113, and Control = No inoculation.



Biometric Plant Parameters
 
Shoot and Root Dry Matter

At 70 DAE, the experiment was disassembled, and the roots of the cotton plants were washed with running water to remove excess soil. After washing, the plants were separated into roots and shoots and placed in paper bags for drying in an oven with air circulation at 65°C until reaching constant weight. The weight of the root and shoot dry matter was determined using an analytical scale (Mettler Toledo model AB204).



Preparation of Soil Samples

Thirty-five soil samples were separated into two subsamples of approximately 100 g each. One subsample was sieved and dried at room temperature for chemical analysis, and the other was kept in a refrigerator for microbiological analysis. After harvest, the presence of the inoculated microorganisms was checked from each soil sample.



Phosphorus Determination

Soluble phosphorus in soil was determined using the method proposed by Watanabe and Olsen (1965). For the determination of phosphorus in plants, the phosphorus concentrations in roots and shoots were determined according to the methodology proposed by Sarruge and Haag (1974) and modified by Bezerra Neto and Barreto (2011). A sample of 0.5 g of plant tissue from the digester tube was added to 5 ml of concentrated nitric acid and 1 ml of concentrated perchloric acid. The mixture was left to rest for 1 day. Then, complete digestion was performed using a block digester. The material was washed with distilled water to obtain 50 ml of extract. A reading was performed in a spectrophotometer at 470 nm using 5 ml of extract plus 1 ml of specific reagent composed of a mixture of 5% ammonium molybdate and 0.25% ammonium vanadate.



Total Nitrogen Concentration in Plant and Soil

The nitrogen concentration in the shoots and roots was determined according to Sarruge and Haag (1974) with sulfuric digestion of the plant material to measure the nitrogen concentration associated with obtaining 90% dry matter production. The total nitrogen in the soil was determined according to the methodology proposed by Bremner (1996) and modified by Wilke (2005).



Microbial Respiratory Activity

Respiratory activity was determined by the method of quantifying the released CO2 according to Jenkinson and Powlson (1976) using wide-mouthed glass flasks, to which 100 g of soil (dry or wet) was added. Inside the flasks, two beakers were used (one containing 20 ml of NaOH and the other 20 ml of distilled water). Beakers were placed inside glass flasks that were sealed with plastic film and incubated in the dark for 7 days. The microbial respiratory activity was measured based on the amount of CO2 released from the soil samples. After incubation, the remaining NaOH was quantified by titration with HCl.



Microbial Biomass Carbon

Microbial biomass carbon was determined by the irradiation-extraction method (Islam and Weil, 1998; Mendonça and Matos, 2017) using a microwave oven with a power of 900 W (Panasonic model NN-ST 252 WRUN) and frequency of 2,450 MHz. After irradiation, samples were subjected to a 0.5-mol/L potassium sulfate extractor, and microbial biomass carbon was determined by oxidation with 0.066 mol/L potassium dichromate and titration with 0.033 mol/L ferrous ammonium sulfate (Brookes et al., 1982).



Nitrogen and Phosphorus Extraction

Nitrogen extraction from the roots was calculated by multiplying the nitrogen content in the root and root dry matter for each replicate. Nitrogen extraction from the shoots was calculated by multiplying the nitrogen content in the shoot and shoot dry matter for each replicate. Total nitrogen extraction was calculated by multiplying the sum of the nitrogen content of the roots and shoots and the sum of the root and shoot dry matter for each replicate. For the phosphorus extraction calculation, the procedure was the same as that used for nitrogen.



Presence of Microorganisms Previously Inoculated

To verify the presence of the microorganisms previously inoculated in the soil sample, 10 g of rhizospheric soil was added to 95 ml of 0.1% pyrophosphate solution (w/v) and subjected to serial dilution (Wollum, 1982) up to a concentration of 10−4. A 0.1-ml aliquot from the dilution (10−4) was transferred to Petri plates containing Bunt and Rovira medium (Bunt and Rovira, 1955), pH 7.4, for bacteria and maltose agar for fungi. Then, plates containing the bacterial and fungal inoculum were kept at 30°C for 72 h and 7 days, respectively. After this period, the colonies were visualized with the aid of a magnifying glass at 6 × magnification, and a Gram stain test was performed.




Statistical Analysis

Data were log (x + 1) transformed to avoid violating the assumption of the ANOVA. Data normality and homogeneity of variance were assessed by the Shapiro–Wilk and Levene tests (α = 0.05), respectively. The parameters under study were analyzed by the ANOVA F test (α = 0.05) to identify differences. Subsequently, multiple comparisons of averages were performed using Duncan's test (α = 0.05) to identify significant differences between treatments. Statistical analyses were performed using R software for Windows (R Core Team, 2020).




RESULTS

Inoculations with Bv188, Bs248, Bs290, F111, F112, and F113 increased the amount of nitrogen extracted from the roots (177.14, 173.48, 166.73, 197.09, 158.71, and 193.50 mg N/kg dry matter, respectively) compared to the control (66.31 mg N/kg dry matter), from the shoots (722.27, 704.68, 588.68, 756.24, 653.88, and 698.12 mg N/kg dry matter, respectively) compared to the control (393.00 mg N/kg dry matter), and from the total (899.31, 962.18, 755.41, 953.33, 812.59, and 891.62 mg N/kg dry matter, respectively) compared to the control (459.31 mg N/kg dry matter) (Figure 1); moreover, they increased the amount of phosphorus extracted from the roots (47.17, 46.75, 40.68, 40.61, 42.22, and 42.31 mg P/kg dry matter, respectively) compared to the control (21.87 mg P/kg dry matter), from the shoots (74.78, 77.56, 58.59, 81.69, 62.64, and 76.15 mg P/kg dry matter, respectively) compared to the control (43.23 mg P/kg dry matter), and from the total (121.94, 124.31, 99.27, 122.30, 104.86, and 118.45 mg P/kg dry matter, respectively) compared to the control (65.10 mg P/kg dry matter) in cotton plants (Figure 2).


[image: Figure 1]
FIGURE 1. Boxplots (median and quartiles) of N extracted from the roots (A), shoots (B), and total dry matter (C) of cotton plants inoculated with the treatments. Different letters in the rows indicate significant differences between means (Duncan's, p < 0.05). RDM, root dry matter; SDM, shoot dry matter; TDM, total dry matter; Bv188, Bacillus velezensis strain Bv188; Bs248, Bacillus subtilis strain Bs248; Bs290, B. subtilis strain Bs290; F111, Aspergillus brasiliensis; F112, Aspergillus sydowii; F113, Aspergillus sp. versicolor section; Control, no inoculation.
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FIGURE 2. Boxplots (median and quartiles) of P extracted from the roots (A), shoots (B), and total dry matter (C) of cotton plants inoculated with the treatments. Different letters in the rows indicate significant differences between means (Duncan's, p < 0.05). RDM, root dry matter; SDM, shoot dry matter; TDM, total dry matter; Bv188, Bacillus velezensis strain Bv188; Bs248, Bacillus subtilis strain Bs248; Bs290, B. subtilis strain Bs290; F111, Aspergillus brasiliensis; F112, Aspergillus sydowii; F113, Aspergillus sp. versicolor section; Control, no inoculation.


Cotton plants inoculated with bacteria Bv188, Bs248, and Bs290 showed higher weight of the root dry matter (12.37, 15.03, and 20.60 g/plant, respectively) compared to the control (7.05 g/plant), of the shoot dry matter (28.71, 28.56, and 29.27 g/plant, respectively) compared to the control (19.65 g/plant), and of the total dry matter (41.08, 43.59, and 49.86 g/plant, respectively) compared to the control (26.70 g/plant) (Figure 3). In the case of fungi, inoculation with F111, F112, and F113 presented greater weights of root dry matter (13.17, 11.87, and 21.28 g/plant, respectively) and total dry matter (37.52, 37.41, and 53.02 g/plant, respectively).


[image: Figure 3]
FIGURE 3. Boxplots (median and quartiles) of the root (A), shoot (B), and total dry matter (C) of cotton plants inoculated with the treatments. Different letters in the rows indicate significant differences between means (Duncan's, p < 0.05). Bv188, Bacillus velezensis strain Bv188; Bs248, Bacillus subtilis strain Bs248; Bs290, B. subtilis strain Bs290; F111, Aspergillus brasiliensis; F112, Aspergillus sydowii; F113, Aspergillus sp. versicolor section; Control, no inoculation.


The nitrogen content in the shoot dry matter (10.16 g N/kg dry matter) (Figure 4A) and phosphorus content in the root dry matter (4.28 g P/kg dry matter) were higher in cotton plants inoculated with Bv188 (Figure 4B) and Bs248 (Figure 5A) compared to the control (20.02 N/kg dry matter). There were no differences in the nitrogen content in the root dry matter (p = 0.175), and the phosphorus content in the shoot dry matter was not different from that in the control except for F112, which was lower (p < 0.003) (Figure 5B).


[image: Figure 4]
FIGURE 4. Boxplots (median and quartiles) of the N content in the root (A) and shoot (B) dry matter of cotton plants inoculated with the treatments. Different letters in the rows indicate significant differences between means (Duncan's, p < 0.05). RDM, root dry matter; SDM, shoot dry matter; Bv188, Bacillus velezensis strain Bv188; Bs248, Bacillus subtilis strain Bs248; Bs290, B. subtilis strain Bs290; F111, Aspergillus brasiliensis; F112, Aspergillus sydowii; F113, Aspergillus sp. versicolor section; Control, no inoculation.
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FIGURE 5. Boxplots (median and quartiles) of P extracted in root (A) and shoot (B) total dry matter of cotton plants inoculated with the treatments. Different letters in the rows indicate significant differences between means (Duncan's, p < 0.05). RDM, root dry matter; SDM, shoot dry matter; Bv188, Bacillus velezensis strain Bv188; Bs248, Bacillus subtilis strain Bs248; Bs290, B. subtilis strain Bs290; F111, Aspergillus brasiliensis; F112, Aspergillus sydowii; F113, Aspergillus sp. versicolor section; Control, no inoculation.


The nitrogen percentage was lower in soils inoculated with Bv188, Bs248, Bs290, F111, F112, and F113 (5.12, 5.23, 8.07, 5.23, 5.23, and 6.02%, respectively) than in the control (8.77%) (Figure 6A). The soluble phosphorus content was lower only in soils inoculated with fungi F111 and F112 (7.10 soil and 16.97 mg/dm3 soil, respectively) compared to the control (26.91 mg/dm3 soil) (Figure 6B). The biomass carbon results indicated that inoculation with Bv188, Bs248, Bs290, F111, and F113 (72.26, 35.18, 32.54, 38.29, and 45.16 mg C/kg soil, respectively) positively affected this variable compared to the control (6.41 mg C/kg soil) (Figure 6C). In the case of respiratory activity, a positive effect was only observed for inoculation with microorganisms Bv188, Bs248, F11, F112, and F113 (16.41, 23.21, 14.98, 10.43, and 7.11 mg CO2/100 g soil, respectively) compared to the control (3.50 mg CO2/100 g soil) (Figure 6D).


[image: Figure 6]
FIGURE 6. Boxplots (median and quartiles) of the N percentage (A), soluble phosphorus (B), biomass carbon (C), and respiratory activity (D) in soil inoculated with the treatments. Different letters in the rows indicate significant differences between means (Duncan's, p < 0.05). RDM, root dry matter; SDM, shoot dry matter; TDM, total dry matter; Bv188, Bacillus velezensis strain Bv188; Bs248, Bacillus subtilis strain Bs248; Bs290, B. subtilis strain Bs290; F111, Aspergillus brasiliensis; F112, Aspergillus sydowii; F113, Aspergillus sp. versicolor section; Control, no inoculation.




DISCUSSION

The microorganisms used in the present study showed specific abilities to promote growth in cotton plants according to the parameters evaluated. There was no microorganism that improved all the parameters analyzed.

Concerning the shoot and root dry matter, higher values were found for Aspergillus sp. versicolor and B. subtilis 290, although there was no significant difference between them. When bacteria promote an increase in shoot dry mass, the plant has a great chance to improve its photosynthetic efficiency, producing more metabolites for growth. When root development is increased, plants increase their efficiency in exploring the soil and their capacity to absorb water and nutrients (Hu and Chabbi, 2021). The abilities shown for these two microorganisms are important for plant growth.

Bacillus sp. isolated from the wheat rhizosphere showed the ability to promote plant growth by increasing the shoot and root length, fresh weight, dry weight, production of siderophores, phosphorus solubilization activity, production of IAA, and inhibitory action on the growth of Fusarium oxysporum in medicinal plants (Zhao et al., 2015). El-Deeb et al. (2012) isolated B. subtilis from roses and evaluated their colonization capacity to increase the content of dry matter, solubilization of phosphorus, production of siderophores and extracellular enzymes, and production of hydrolytic enzymes. B. subtilis in the rhizosphere promotes a decrease in soil pH, production of organic acids in the rhizosphere, and anion exchange and chelation, thus demonstrating its potential to improve phosphorus absorption in cotton crops (Ahmad et al., 2021).

In the present study, B. velezensis (Bv188) isolated from maize plants promoted an increase in the total and root dry matter, nitrogen absorption in the shoots, and phosphorus solubilization in the roots. Similar results were found by Meng et al. (2016), who demonstrated that inoculation with B. velezensis BAC03 promoted greater biomass gain, IAA production, and enzymatic activity in beet, carrot, cucumber, and radish plants.

Bacillus velezensis FZB42, a strain previously classified as Bacillus amyloliquefaciens ssp. plantarum FZB42, due to the morphology, physiology, chemotaxonomy, and phylogenetic similarity related to them, sharing the same phenotype and genotype (Dunlap et al., 2016). This bacterium isolated from the beet rhizosphere has been investigated as a new species that is widely found in the rhizosphere and has potential for agricultural use due to its inhibitory action on fungi and biocontrol skills (Perron et al., 2020).

The two isolates of the genus Aspergillus used in this study were sequenced and identified as A. brasiliensis (F111) and A. sydowii (F112) by Baron et al. (2018). The results demonstrate that these fungi inoculated in cotton plants favor phosphorus and nitrogen absorption (Figure 6B). Both A. brasiliensis and A. sydowii showed great biotechnological potential due to the production of enzymes and other substances of interest and can be used to aid in the absorption and solubilization of phosphorus and nitrogen, which are important for plant growth.

Interestingly, A. brasiliensis promoted the lowest value of phosphorus in the soil. This result suggests that this fungus has a great ability to mineralize this nutrient, promoting its greater availability to plants. The ability to solubilize phosphorus is important because this nutrient is essential to plant growth, including cotton crops, and easily, this nutrient is absorbed by soil clay, becoming unavailable to plants (Wan et al., 2020). Phosphorus is responsible for the storage and transfer of energy such as glucose, fructose, and ATP (Habib et al., 2015; Mumtaz et al., 2019). Similar results were found by Liang et al. (2020), who demonstrated that phosphorus-solubilizing bacteria also influence the physical, chemical, and biological soil properties by significantly increasing the growth and productivity of tomato plants. Another essential nutrient is nitrogen, which is an important element for life. It is present in the structures of essential biochemicals, such as nucleotides and proteins. Fungi do not have the ability to fix nitrogen from the atmosphere; however, fungi mineralize soil organic matter, making this nutrient available to plants (Baron et al., 2018).

Filamentous fungi belonging to the genera Aspergillus and Trichoderma are recognized as producers of cellulolytic enzymes used in the bioethanol industry (Zoglowek et al., 2015). Studies have shown that A. brasiliensis is grouped in the section of black aspergillus and produces large amounts of citric acid and enzymes, such as xylanases, thermostable β-xylidasidases, α-glucosidase, and amylases, with enzymes being one of the main factors responsible for the characteristic phosphorus solubilization in soil (Nahas and de Assis, 1992; Schneider et al., 2010; de Oliveira Mendes et al., 2014).

Another important highlight in this work is verified by the biomass (Figure 6C) and microbial respiration (Figure 6D) in the soil. Inoculation positively affected the biological characteristics of the soil, which contributed to an increase in the microbial community (bacterial biomass and respiratory activity).

Biomass carbon is directly proportional to the colonization ability of microorganisms. The microorganisms that stood out in this parameter were B. velezensis 188 and B. subtilis 248. Another parameter that reinforces this result is the increase in respiratory activity related to soil microbial activity. Ju et al. (2019) demonstrated the beneficial impact of the inoculation of rhizospheric microorganisms on plant growth in addition to the increase in microbial biomass, which positively contributed to the biochemical properties of soils planted with lettuce.

As previously mentioned, no microorganism showed a great ability to increase all parameters. On the other hand, all microorganisms improved one or more parameters compared to the control, which did not receive microbial inoculation.



CONCLUSION

The results suggest that the Aspergillus sp. versicolor tends to improve plant growth and development. Nevertheless, A. brasilense can improve the phosphorus availability in soil, and B. subtilis 248 promoted an increase in phosphorus extracted from the roots and total and phosphorous compounds from the root dry matter and increased the value of soil respiratory activity.

Based on the results, the bacterium B. subtilis 248 could be used as an inoculant in cotton crops.
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