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Abstract
Microorganisms and biological as biofertilizers can be important for crops as soybean, as its fertilization management is fundamental for the rise of productivity and sustainability of the agricultural activity. This type of technology improves plant development and crop production due to increase better soil conditions in the root development zone. This study aimed to evaluate the agronomic efficiency of Bacillus-based seed inoculant on soybean crop development and productivity in different soil conditions. Four experiments were implemented, including five treatments (control; 2 mL cp.kg-1 of seed for Biophosphoros inoculant and 1, 1.5, and 2 mL cp.kg-1 of seed for Bacillus-based inoculant). Leaf N, P, K, Mn and Zn concentration, soybean yield components (grains per pod, pods per plant, weight of a thousand grains), and grain yield were evaluated. Overall, the data allows us to conclude that in sand clay soil (Area 1) and sandy soil (Area 3), the biological seed inoculant at 2 mL kg-1 was more efficient than the biophosphoros treatment to increase the P (Area 1) and K (Area 3) leaf concentration, 3 grains per pod and soybean yield in both areas (3,851.02 and 3,122.08, kg ha-1, respectively); on the other hand, in clay texture soil (Area 4), the most efficient biological soil conditioner dose was 3.5 L ton-1. Additionally, the use of biological seed inoculant at any rate was more efficient than no inoculation to increase soybean yield grown in Area 2 (average of 3,489.39 kg ha-1) and Area 4 (3,306.07 ha-1).	Comment by Sreeja Bopin: Pls mention the unit in proper way like kg ha-1
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1. Introduction
The Brazilian soybean (Glycine max L.) crop production in 2024/2025 season is estimated over 166 million tons of grain (12.5% of increase), with an average grain yield of 3,509 kg ha-1 (CONAB, 2024). Productivity in soybean crops currently revolves around the intensive use of industrialized inputs, such as fertilizers and pesticides. These inputs increase production costs and cause problems for the environment and human health (Ratz, 2014).
The use of plant growth-promoting bacteria (PGPB) has been a relevant alternative to increasing productivity to reduce input costs and environmental impacts, making the product more competitive (Coelho et al., 2007). PGPB are a group of bacteria that inhabit the rhizosphere and have the ability to stimulate plant growth and health (Zhou et al., 2014). The effects of these plant growth-promoting bacteria can occur directly through the production of phytostimulant compounds (auxins, gibberellins, and cytokinin’s), nitrogen fixation, phosphate solubilization, and iron reduction. Also, indirectly through the synthesis of compounds with antibiotic or antifungal activity that inhibit the growth of phytopathogens and allow better development of host plants. Due to these versatile metabolic characteristics, PGPB have biotechnological potential for the formulation of inoculants; among which biofertilizers stand out (Myresiotis et al., 2015).
The genus Bacillus is composed of environmental microorganisms whose main habitat is the soil and where they play an important role in the carbon and nitrogen cycle. The bacteria of this genus are extremely variable in terms of size and shape. The main characteristics of the genus are gram-positive bacilli, rod-shaped cells, in pairs or in chains with rounded ends or right angles (de Melo, 1998). These microorganisms have some characteristics that are favorable for the production of commercial inoculants: since they produce endospores, their handling and application would be easier, including the possibility of mixing with other products (Freitas & Pizzinatto, 1997). They can play soil conditioner functions, increase soil quality and crop productivity, and improve plant performance during stressful periods (Kavamura et al., 2013; Kundan et al., 2015; Radhakrishnan et al., 2017; Braga Junior et al., 2018; Diaz et al., 2019; Hashem et al., 2019; Dame et al., 2021).
Several strains of Bacillus show improvements in plant health and productivity (Choudhary and Johri, 2009). The bacteria Bacillus amyloliquefaciens (BAA) and Bacillus licheniformis are root colonizers. Their promotion of plant growth is directly linked to the production of biocontrol substances that generate induced systemic resistance, and the production of hormones that favor plant growth (Fan et al., 2012).
According to Mariano (2004), PGPB can be used in seed treatment and micropropagated seedlings, incorporated into the planting substrate, treatment of cuttings, tubers and roots, spraying on the aerial part including foliage and fruits, and in post-harvest. PGPB are an alternative for reducing the use of chemical inputs, seeking to achieve rational agriculture that uses natural resources and preserves the environment (Oliveira et al., 2003). Jain et al. (2016) showed that Bacillus sp. isolates could increase, in soybean, the fresh weight of shoots and roots, besides increasing the number of lateral roots. Studies intended at evaluating the use of organic products are important since using Bacillus sp. as growth promoters can improve the potential of crop production and the sustainability of soil activity by improving sustainable productivity (Shafi et al., 2017; Bacilieri et al., 2023).
The objective of this study is to evaluate the agronomic efficiency of Bacillus amyloliquefaciens and B. licheniformis seed inoculant on soybean productivity in different crop-producing areas.
2. Method
2.1 Experimental Design
The experiments were implemented in different edaphoclimatic areas in the municipalities of Uberlândia (area 1), and Araxá (area 2), in Minas Gerais state, Vicentinópolis (area 3), in Goiás state, and Leme (area 4), in São Paulo state, Brazil (Figure 1). The experimental design was set as randomized complete blocks with five treatments (control; 2 mL cp.kg-1 of seed for Biophosphoros inoculant and 1, 1.5, and 2 mL cp.kg-1 of seed for Bacillus-based inoculant), and six replications.
The experimental plots were 3 m wide by 10 m in length each (30 m2). The evaluations occurred only in the central two meters of each plot discarding 0.5 meters on each side at the beginning and the end of the plot (18 m2 useful plot). The treatments were applied only once at planting using a six-line planter (0.5 m spacing between sowing lines).

Fig. 1 Map of the location of the soybean planting areas, which are located in Minas Gerais, Goiás and São Paulo states, Brazil.

2.2 Experimental Areas
2.2.1 Area 1
The experiment was implemented at the Fisio-Plant Research and Development Experimental Station (road BR 050, km 83.5) in the municipality of Area 1, at 18°99’69.5” latitude S and 48°18’86.1” longitude W, at 842 meters altitude. The experiment went from December 2021 to April 2022. The soil is classified as a red Oxisol of sandy clay texture (Santos et al., 2013). The climate was classified as ‘Aw’ according to Köppen’s classification.
The soybean cultivar (KWS RK 6719 IPRO) was sown in conventional tillage and had a population density of 17 plants per linear meter. Seedling emergence occurred seven days after sowing. The soil chemical characteristics (0-0.2 m) were as follows: 56% of sand, 4% of silt, and 40% of clay; pH (H2O) 5.8; 39 mg dm-3 of K; 1.06 mg dm-3 of P; 1.4 cmolc dm-3 of Ca, and 0.6 mg dm-3 Mg.
2.2.2 Area 2
The experiment was implemented at Haramum Farm in the municipality of Area 2, at 19º 80’53.0” latitude S and 46º 89’75.9” longitude W, at 973 meters altitude. The experiment went from December 2021 to May 2022. The soil is classified as a red Oxisol of clayey texture (Santos et al., 2013). The climate was classified as ‘Cwa’ according to Köppen’s classification.
The soybean cultivar sown was “Brasmax Desafio” which was sown in the convention-al planting system (tillage) and had a population density of 15 plants per linear meter. Seedling emergence occurred seven days after sowing. The soil chemical characteristics (0-0.2 m) were as follows: 62% of clay, 15% of silt, and 22% of sandy; pH (H2O) 5.5; 52 mg dm-3 of K; 11 mg dm-3 of P; 1.3 cmolc dm-3 of Ca, and 0.7 mg dm-3 Mg.
2.2.3 Area 3
The experiment was implemented at Two Brothers Farm in the municipality of Area 3, at 17º38’24.1” latitude S and 49º53’46,4” longitude W, at 618 meters altitude. The experiment went from December 2021 to April 2022. The soil is classified as a yellow-red Oxisol of sandy texture (Santos et al., 2013). The climate was classified as ‘Aw’ according to Köppen’s classification.
The soybean cultivar sown was “Brasmax Desafio” which was sown in the conventional planting system (tillage) and had a population density of 15 plants per linear meter. Seedling emergence occurred seven days after sowing. The soil chemical characteristics (0-0.2 m) were as follows: 14% of clay, 30% of silt, and 56% of sand; pH (H2O) 5.8; 39 mg dm-3 of K; 55 mg dm-3 of P; 2 cmolc dm-3 of Ca, and 0.9 mg dm-3 Mg.
2.2.4 Area 4
The experiment was implemented at the station of Agrosynthesis Pesquisa e Consultoria Agronômica in the municipality of Area 4, at 22º06’23,2” latitude S and 47º21’50,0” longitude W, at 646 meters altitude. The experiment went from December 2021 to May 2022. The soil is classified as a red Oxisol of clayey texture (Santos et al., 2013). The climate was classified as ‘Aw’ according to Köppen’s classification.
The soybean cultivar sown was “RK6719 IPRO” which was sown in the conventional planting system (tillage) and had a population density of 17 plants per linear meter. Seedling emergence occurred seven days after sowing. The soil chemical characteristics (0-0.2 m) were as follows: 44% of clay, 18% of silt, and 36% of sand; pH (H2O) 5.8; 2.5 mg dm-3 of K; 42 mg dm-3 of P; 4.8 cmolc dm-3 of Ca, and 1.2 mg dm-3 Mg.
2.3 Crop Fertilization and Soil conditioner
The recommendations for correctives (lime) and fertilizers for Minas Gerais state (Ribeiro, 1999) were defined according to each area’s soil type, chemical and physical characteristics. To treat the seeds, water was added to the indicated dose of the product until the volume was 5 mL. Then, 1000 grams of soybean seeds were added to a plastic bag along with 5 mL of the mixture (water + product). Each bag was used only once, closed and shaken until completely homogenized.
The biological soil conditioner used in this study is a liquid oil-water emulsion containing two different non-pathogenic Bacillus species (Bacillus amyloliquefaciens and Bacillus licheniformis).
The climatic data during the experimental period were obtained in an automatic station located in each experimental area (Table 1).

Table 1. Dates and climatic conditions at the treatment’s applications in each experimental area.
	Area 1

	Date
	Temp. (ºC)
	RH (%)
	WS (km h-1)
	Cloud.
	t0 (h)
	tfinal (h)

	06/dec/2021
	28
	60
	0,5
	100%
	11:30
	12:30

	Area 2

	Date
	Temp. (ºC)
	RH (%)
	WS (km h-1)
	Cloud.
	t0 (h)
	tfinal (h)

	08/dec/2021
	25
	65
	0,5
	100%
	10:00
	11:15

	Area 3

	Date
	Temp. (ºC)
	RH (%)
	WS (km h-1)
	Cloud.
	t0 (h)
	tfinal (h)

	07/dec/2021
	25
	56
	0,5
	100%
	10:00
	11:05

	Area 4

	Date
	Temp. (ºC)
	RH (%)
	WS (km h-1)
	Cloud.
	t0 (h)
	tfinal (h)

	21/dec/2021
	26
	60
	0,3
	100%
	8:20
	9:35


Temp. (ºC): temperature; RH (%): relative humidity; WS (km h-1): wind speed; Cloud.: cloudiness; t: time of measurement.

In addition, data on temperature, precipitation, and relative humidity were recorded during the experimental period (Table 2).

Table 2. Meteorological data recorded during the experimental period in each experimental area.
	Area
	Air temperature (°C)
	Precipitation (mm day)
	Air relative humidity (%)

	
	min.
	max.
	Average
	min.
	max.
	Average
	min.
	max.
	Average

	Area 1
	21,15
	28,39
	24,77
	0
	77,6
	7,68
	48,00
	82,46
	65,23

	Area 2
	19,00
	24,10
	21,55
	0
	49,3
	6,77
	65,20
	98,00
	81,60

	Area 3
	20,12
	29,25
	26,21
	0
	56,6
	5,51
	44,83
	96,21
	70,52

	Area 4
	21,32
	28,50
	24,91
	0
	49,2
	4,00
	51,58
	82,50
	67,04


min.: minimal average temperature observed in one day during the experimental period; max.: maximum average temperature observed in one day during the experimental period; Average: average of all temperatures recorded during the experimental period.

2.4 Soybean Evaluations
Leaf N, P, K, Mn and Zn concentration was evaluated, as well as yield components: number of grains per pod (GP), number of pods per plant (NP), the weight of a thousand grains (WTG) and yield (kg ha-1).
Leaf N, P, K, Mn and Zn concentration was determined according to the methodology proposed by Embrapa (2009). Ten trifoliate leaves (newly mature, without petiole, corresponding to the third or fourth leaf from the apex of the main stem) were collected per plot when the plants were in stage 60 of the BBCH scale.
The WTG was determined by accounting for 1,000 seeds per plot that were weighed on a digital scale. The number of pods with one, two, three, and four grains and the total number of pods per plant were measured by counting the variables in 10 representative plants per plot. Crop yield was estimated at the end of stage 99 of the BBCH scale. The grains harvested in the 18 m² useful plot were weighed and adjusted to 13% moisture.
When necessary, the data of the evaluations were transformed and submitted to analysis of variance. The averages were compared by Duncan’s test of averages (p<0.05) using the software SASM-Agri (Canteri et al., 2001).

3. Results and Discussion
The N, P, K, Mn and Zn concentration in soybean plant leaves in the four experiments are presented in Table 3. In none of the areas showed differences between treatments for N leaf concentration were identified. In Area 2 the K concentration did not differ, however, in Area 3 and 4 for plants that received seed treatment at 1.5 mL kg-1 higher concentrations were observed (p>0.05). In Area 1 and 2, a significant increase in P and Mn leaf concentration was identified for plants that received seed treatment at 1.5 and 2 L kg-1 (Table 3).

Table 3. Nitrogen, phosphorus, potassium, manganese, and zinc concentration in leaves and grain as a function of treatments applied to soybean in Area 1, Area 2, Area 3, and Area 4.
	Treatment
	Doses
	Leaf Concentration

	
	mL kg-1
	N
	P
	K
	Mn
	Zn

	
	
	--------------------- g kg-1 ------------------
	---------- mg kg-1 ----------

	Area 1

	1. Control
	-
	54.41* a
	1.35 b
	12.16 b
	60.76 b
	28.72 b

	2. Biophosphoros
	2
	52.92 a
	1.43 ab
	16.00 a
	68.30 b
	36.43 a

	3. Bacillus-based inoculant
	1
	55.30 a
	1.86 ab
	15.50 a
	65.70 b
	30.98 b

	4. Bacillus-based inoculant
	1.5
	58.85 a
	2.04 a
	16.33 a
	80.43 a
	32.75 ab

	5. Bacillus-based inoculant
	2
	56.28 a
	2.05 a
	16.00 a
	83.68 a
	32.14 ab

	CV (%)
	
	10,52
	24,51
	8,28
	10,32
	11,7

	Averages
	
	55,55
	1,75
	15,20
	71,78
	32,21

	Area 2

	1. Control
	-
	53.85 a
	1.35 b
	15.67 a
	65.26 b
	68.83 ab

	2. Biophosphoros
	2
	55.92 a
	1.43 b
	16.00 a
	70.32 ab
	51.02 b

	3. Bacillus-based inoculant
	1
	52.67 a
	1.86 ab
	16.67 a
	69.55 ab
	68.47 ab

	4. Bacillus-based inoculant
	1.5
	52.54 a
	2.04 a
	16.50 a
	80.81 a
	62.63 ab

	5. Bacillus-based inoculant
	2
	55.02 a
	2.05 a
	17.00 a
	80.67 a
	78.90 a

	CV (%)
	
	9.73
	24.51
	9.62
	12.61
	21.41

	Averages
	
	54.00
	1.75
	16.37
	73.33
	65.97

	Area 3

	1. Control
	-
	52.39 a
	1.78 a
	14.50 c
	69.76 a
	30.76 a

	2. Biophosphoros
	2
	50.75 a
	1.95 a
	15.16 bc
	72.35 a
	29.88 a

	3. Bacillus-based inoculant
	1
	52.67 a
	1.89 a
	16.66 abc
	73.42 a
	31.52 a

	4. Bacillus-based inoculant
	1.5
	57.99 a
	2.20 a
	17.50 a
	81.20 a
	33.05 a

	5. Bacillus-based inoculant
	2
	55.47 a
	1.93 a
	17.16 ab
	77.67 a
	35.85 a

	CV (%)
	
	10.43
	26.34
	10.58
	17.93
	12.65

	Averages
	
	53.85
	1.95
	16.20
	74.88
	32.21

	Area 4

	1. Control
	-
	52.42 a
	3.20 a
	25.59 b
	102.38 a
	46.78 a

	2. Biophosphoros
	2
	52.25 a
	3.25 a
	26.80 b
	90.07 a
	35.45 a

	3. Bacillus-based inoculant
	1
	53.59 a
	3.34 a
	26.83 b
	78.97 a
	40.35 a

	4. Bacillus-based inoculant
	1.5
	52.75 a
	3.19 a
	30.75 a
	83.57 a
	36.50 a

	5. Bacillus-based inoculant
	2
	53.26 a
	3.23 a
	27.60 b
	82.05 a
	36.97 a

	CV (%)
	
	5.07
	3.36
	8.95
	15.53
	18.14

	Averages
	
	52.85
	3.24
	27.52
	87.41
	39.21


*means followed by the same letter in the columns do not differ by Duncan’s test (p>0.05); mL kg-1: milligrams of the commercial product per kg of seeds; CV (%): coefficient of variation.

No difference was observed for Zn leaf concentration in Area 3 and 4, but, in Area 1 and 1, Biophosphoros and Bacillus-based inoculant at seed treatment of 2 mL kg-1 increased Zn levels. The positive nutritional results observed in soybean leaves can be related by the bacterial activity, which can solubilize and mineralize essential from organic and inorganic sources (Richardson, 2001; Elhaissoufi et al., 2001; Contreras-Cornejo et al., 2016; Zeilinger et al., 2016; Bacilieri et al., 2023).
Table 4 and 5 shows data on yield components, number of grains per pod, number of pods per plant, and weight of a thousand grains. In Area 3, pods with 3 grains and number of pods per plant were higher in plants that received seed inoculant at 2 mL kg-1. These results are advantageous since soybean pods with 3 grains are the ones that contribute the most to increased productivity. The NP is the most important component when looking for increases in grain yield, which depends on the number of flowers emitted and fixed (not aborted) during the reproductive stage (Mundstock & Thomas, 2005). The weight of a thousand grains were higher with seed inoculation ranging from 176.66 to 205.83 g.

Table 4. Number of grains per pod (GP), number of pods per plant (NP), and weight of a thousand grains (WTG) as a function of the treatments applied to soybean cultivated in Area 2, and Area 3.
	Treatment
	Doses
	GP
	NP
	WTG

	
	mL kg-1
	1 grain
	2 grains
	3 grains
	4 grains
	total
	g

	Area 2

	1. Control
	-
	5.65* a
	22.12 a
	23.13 a
	0.15 a
	51.05 a
	171.66 b

	2. Biophosphoros
	2
	7.65 a
	22.35 a
	25.20 a
	0.1 a
	55.32 a
	188.00 a

	3. Bacillus-based inoculant
	1
	5.87 a
	24.70 a
	27.53 a
	0.9 a
	59.02 a
	181.00 ab

	4. Bacillus-based inoculant
	1.5
	7.43 a
	24.23 a
	29.43 a
	0.1 a
	61.23 a
	187.66 a

	5. Bacillus-based inoculant
	2
	5.68 a
	24.78 a
	25.52 a
	0.6 a
	56.58 a
	182.33 ab

	CV (%)
	
	31.02
	14.96
	13.32
	25.95
	10.25
	4.68

	Averages
	
	6.46
	23.64
	26.16
	0.38
	56.64
	182.13

	Area 3

	1. Control
	-
	4.33* a
	20.98 a
	22.66 bc
	0.13 a
	48.11 c
	176.66 b

	2. Biophosphoros
	2
	6.33 a
	24.50 a
	19.00 c
	0.08 a
	49.91 bc
	197.83 a

	3. Bacillus-based inoculant
	1
	6.32 a
	21.93 a
	23.01 bc
	0.15 a
	51.41 bc
	197.33 a

	4. Bacillus-based inoculant
	1.5
	5.20 a
	25.47 a
	24.70 ab
	0.13 a
	55.50 ab
	200.50 a

	5. Bacillus-based inoculant
	2
	5.18 a
	25.05 a
	28.40 a
	0.15 a
	58.78 a
	205.83 a

	CV (%)
	
	24.77
	12.31
	14.08
	51.6
	9.33
	7.46

	Averages
	
	5.32
	22.91
	22.89
	0.25
	52.75
	195.60


*means followed by the same letter in the columns do not differ by Duncan’s test (p>0,05); mL kg-1: milligrams of the commercial product per kg of seeds; CV (%): coefficient of variation.

The results of 3 grains per pod and NP observed in Area 3 did not show any difference, although the WTG was higher with seed treatment at 1.5 mL kg-1. These results can be justified by the seed treatment and the environment to which the plants are exposed; despite the soybean yield components being genetically predetermined, these factors (soil conditioner and environment) are determinants for the full genetic expression (Singh et al., 2016; He et al., 2017; Savala et al., 2021).
In Area 1, 3 grains per pod results were higher with seed treatment at the lowest dose (Table 5). No significant differences were observed for 1, 2 grains per pod, NP and WTG.

Table 5. The number of grains per pod (GP), number of pods per plant (NP), and weight of a thousand grains (WTG) as a function of the treatments applied to soybean cultivated in Area 1 and 4.
	Treatment
	Doses
	GP
	NP
	WTG

	
	mL kg-1
	1 grain
	2 grains
	3 grains
	
	g

	Area 1

	1. Control
	-
	3.22* a
	23.35 a
	7.06 b
	33.67 a
	226.41 a

	2. Biophosphoros
	2
	3.37 a
	24.25 a
	8.85 ab
	36.47 a
	235.13 a

	3. Bacillus-based inoculant
	1
	3.47 a
	26.60 a
	9.21 a
	39.30 a
	230.17 a

	4. Bacillus-based inoculant
	1.5
	4.10 a
	26.98 a
	7.86 ab
	38.97 a
	257.25 a

	5. Bacillus-based inoculant
	2
	3.72 a
	31.58 a
	9.70 a
	45.00 a
	246.51 a

	CV (%)
	
	35.63
	23.75
	17.61
	19.35
	9.79

	Averages
	
	3.57
	26.55
	8.54
	38.68
	239.09

	Area 4

	1. Control
	-
	11.61* a
	26.28 a
	17.39 a
	55.28 a
	132.78 a

	2. Biophosphoros
	2
	10.72 a
	25.39 a
	21.06 a
	57.17 a
	139.42 a

	3. Bacillus-based inoculant
	1
	13.17 a
	26.22 a
	19.44 a
	58.83 a
	137.30 a

	4. Bacillus-based inoculant
	1.5
	14.17 a
	27.61 a
	19.22 a
	61.00 a
	132.70 a

	5. Bacillus-based inoculant
	2
	15.61 a
	28.11 a
	21.06 a
	64.78 a
	133.07 a

	CV (%)
	
	28.64
	13.44
	18.91
	12.27
	6.87

	Averages
	
	13.05
	26.72
	19.63
	59.41
	135.05


*averages followed by the same letter in the columns do not differ by Duncan’s test (p>0,05); mL kg-1: milligrams of the commercial product per kg of seeds; CV (%): coefficient of variation.

There was a significant effect of the treatments in the study on soybean yield (Table 6). The treatments that seed treatment with Bacillus were more efficient than the control in Area 1, 3 and 4. In Area 1, the treatment of 2 mL kg-1 of seed treatment resulted in higher productivity (3,851.02 kg ha-1), with increments of 431 and 388 kg ha-1 compared to the control treatments and lower dose of seed treatment, respectively. Thus, in this assay, soybean yield was influenced by treatments with significant increments of 12.61% compared to control (Table 6).

Table 6. Productivity due to the treatments applied to soybean crop grown in producing areas of Area 1, Area 2, Area 3, and Area 4.
	Treatment
	Dose
	Productivity

	
	mL kg-1
	kg ha-1
	IR (%)

	Area 1

	1. Control
	-
	3,419.60* b
	-

	2. Biophosphoros
	2
	3,747.69 ab
	9.59

	3. Bacillus-based inoculant
	1
	3,463.37 b
	1.24

	4. Bacillus-based inoculant
	1.5
	3,760.02 ab
	9.96

	5. Bacillus-based inoculant
	2
	3,851.02 a
	12.61

	CV (%)
	 
	7.67
	

	Averages
	 
	3648.34
	

	Area 2

	1. Control
	-
	3,243.44* b
	-

	2. Biophosphoros
	2
	3,502.00 a
	7.97

	3. Bacillus-based inoculant
	1
	3,565.95 a
	9.93

	4. Bacillus-based inoculant
	1.5
	3,573.98 a
	10.19

	5. Bacillus-based inoculant
	2
	3,561.55 a
	9.80

	CV (%)
	 
	5.68
	

	Averages
	 
	3,489.39
	

	Area 3

	1. Control
	-
	2,696.58* b
	-

	2. Biophosphoros
	2
	2,724.33 b
	1.04

	3. Bacillus-based inoculant
	1
	2,922.78 ab
	8.38

	4. Bacillus-based inoculant
	1.5
	2,943.05 ab
	9.14

	5. Bacillus-based inoculant
	2
	[bookmark: _Hlk187058137]3,122.08 a
	15.77

	CV (%)
	 
	8.76
	

	Averages
	 
	2,881.77
	

	Area 4

	1. Control
	-
	3,073.85* b
	-

	2. Biophosphoros
	2
	3,227.66 ab
	4.99

	3. Bacillus-based inoculant
	1
	3,400.55 a
	10.63

	4. Bacillus-based inoculant
	1.5
	3,363.28 a
	9.40

	5. Bacillus-based inoculant
	2
	3,465.04 a
	12.72

	CV (%)
	 
	6.74
	

	Averages
	 
	3,306.07
	


* averages followed by the same letter in the columns do not differ by Duncan’s test (p>0,10); mL kg-1: milligrams of the commercial product per kg of seeds; kg ha-1: kilograms per hectare; bag ha-1: bags per hectare (each bag = 60 kg); IR (%): increment relative compared to mineral fertilizer; CV (%): coefficient of variation.

A similar response was verified in Area 3. The seed treatment at dose 2 mL kg-1 (3,122.08 kg ha-1) showed productivity increments of 426 and 398 kg ha-1 compared to control and Biophosphoros, respectively (Table 6). In Area 3, treatments affected soybean yield, which allowed gains of 15.77% due to seed inoculant treatment compared to the biophosphoros. These results corroborate those of Jain et al. (2016) and Chagas Junior et al. (2022) by showing that Bacillus sp. isolates can increase soybean plant development.
The results observed in the present study indicated that using Bacillus-based inoculant on soybean crops is a valuable strategy for more soybean productivity and sustainability of crop production.
[bookmark: _Hlk187059835]Overall, the data allows us to conclude that in sand clay soil (Area 1) and sandy soil (Area 3), the biological seed inoculant at 2 mL kg-1 was more efficient than the biophosphoros treatment to increase the P (Area 1) and K (Area 3) leaf concentration, 3 grains per pod and soybean yield in both areas (3,851.02 and 3,122.08, kg ha-1, respectively); on the other hand, in clay texture soil (Area 4), the most efficient biological soil conditioner dose was 3.5 L ton-1. Additionally, the use of biological seed inoculant at any rate was more efficient than no inoculation to increase soybean yield grown in in Area 2 (average of 3,489.39 kg ha-1) and Area 4 (3,306.07 ha-1).	Comment by Sreeja Bopin: Pls keep a separate heading for Discussion and add recent references. Make it more informative
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