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The action of 24-epibrassinolide and Azospirillum brasilense on soybean morphogenesis and metabolism
ABSTRACT - The search for more sustainable agricultural practices has driven the adoption of strategies that favor plant growth efficiently and with less dependence on chemical inputs. In this context, plant growth regulators, such as brassinosteroids, and growth-promoting microorganisms, such as Azospirillum brasilense, stand out for the beneficial effects they exert on the physiology and development of agricultural crops. The general objective of this work is to evaluate the effects of 24-epibrassinolide and inoculation with Azospirillum brasilense on the morphogenesis of soybean crops. The experiment was conducted in a greenhouse belonging to the Federal University of Maranhão (UFMA). The experiment was carried out between September and December 2023. Soybean seeds were used for the experiment. The experimental design used was completely randomized, in a 2x3 factorial scheme, with four replications. The first factor corresponds to seed inoculation (at the time of sowing) with Azospirillum brasilense and the absence of inoculation. The second factor corresponds to the application of three concentrations of brassinosteroids (0, 20, and 40 nM). The variables plant height, stem diameter, and number of leaves did not show a significant effect, while the length and diameter of the taproot showed an interaction effect. The combination of 24-epibrassinolides and Azospirillum brasilense offers a promising strategy to improve carbon and nitrogen metabolism in soybeans, contributing to increased productivity and crop sustainability.
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1 INTRODUCTION


The search for sustainable practices in agriculture has encouraged the adoption of strategies that promote plant growth efficiently and with less dependence on chemical inputs. In this scenario, plant growth regulators, such as brassinosteroids, and growth-promoting microorganisms, such as Azospirillum brasilense, have stood out for their positive effects on the physiology and development of agricultural crops, especially soybeans (Glycine max), one of the main legumes cultivated in the world. The interaction between these agents may represent a promising alternative to improve soybean metabolism and productivity.

In the global agricultural context, this crop is the fourth most consumed, especially in the industrial sector with the production of oils, and is also considered a potential source of protein (RHODEN et al., 2020). The soybean production chain has the capacity to generate both direct and indirect jobs, which drives the Brazilian economy (MONTOYA et al., 2019). However, soybean cultivation still faces challenges that need to be overcome, such as proper management practices that allow for high productivity without degrading the environment. To this end, promising alternatives are being sought, such as the use of bacteria that promote better plant development by supplying biological nitrogen and the use of growth stimulants such as brassinosteroids.

Brassinosteroids, such as 24-epibrassinolide (24-EBL), are essential plant hormones that play an important role in regulating growth, photosynthesis, and resistance to abiotic stresses. Azospirillum brasilense, a nitrogen-fixing bacterium, promotes plant growth through the synthesis of phytohormones, increases nutrient absorption, and stimulates carbon and nitrogen metabolism. Understanding the combined effects of these two agents on soybean metabolic processes can lead to significant advances in the agronomic management of the crop.

Given this, the following problem arises: what is the influence of the combined application of 24-epibrassinolide and inoculation with Azospirillum brasilense on parameters related to morphogenesis and carbon and nitrogen metabolism in soybean cultivation? The delimitation of this topic is justified by the need to understand the biochemical and physiological interactions that occur in response to these biostimulants, as well as their impact on the plant's metabolic efficiency.

It is hypothesized that the combined application of 24-epibrassinolide and A. brasilense promotes synergistic effects, resulting in a higher photosynthetic rate, increased carbon assimilation, increased biological nitrogen fixation, and greater biomass accumulation. It is also assumed that these effects may vary according to the plant's phenological stage and edaphoclimatic conditions, directly influencing the primary metabolism of soybeans.

Whether through the production of metabolites, volatile organic compounds (VOCs), or the induction of systemic resistance, these microorganisms are classified as hydrocapacitors, playing a relevant role in the thermal regulation of plants. Furthermore, they contribute to strengthening the root system and stimulate the synthesis of phytohormones, exopolysaccharides, and other compounds that reinforce the physiological mechanisms of stress tolerance (SHAFFIQUE et al., 2022). These bacteria can improve the physiological behavior and growth of corn plants, aiming for better yields. This improvement can be caused by the supply of nitrogen, which is an essential macronutrient for plant growth.

Bacteria of the genus Bacillus stand out as Gram-positive microorganisms widely distributed in the rhizosphere. In symbiotic interaction with plants, they favor nodulation in legumes, such as soybeans, and contribute to biological nitrogen fixation, in addition to enhancing the absorption of essential nutrients (SAHARAN; NEHRA, 2011 apud DIAS; SANTOS, 2022). Among the species of greatest agricultural relevance are B. firmus, B. licheniformis, B. megaterium, B. aryabhattai, B. mucilaginosus, B. pumilus, B. subtilis, B. haynesii, B. circulans and B. subtilis var. amyloliquefaciens (GLICK, 2012 apud DIAS; SANTOS, 2022).

Another relevant aspect concerns the role of bio-inputs in the climate change mitigation agenda. The adoption of these biotechnologies can directly contribute to the reduction of greenhouse gas emissions, either through the lower use of industrially synthesized nitrogen fertilizers or through the ability of microorganisms to promote greater efficiency in the use of water and nutrients. Furthermore, the use of biological control agents can decrease dependence on chemical pesticides, reducing soil and water contamination. Such contributions not only meet environmental sustainability goals but also strengthen the image of Brazilian agribusiness in international markets, which are increasingly demanding in terms of sustainable practices (MENDES et al., 2020).

However, studies aimed at understanding the effect of brassinosteroids and biological nitrogen supplied by azospirillum on soybean growth, production, and metabolism are still in their early stages. Therefore, understanding the morphogenetic response of soybeans subjected to brassinosteroids and biological nitrogen supplied by azospirillum is important for adopting efficient management practices to improve crop growth.

Thus, the importance of this work is related to the interaction between these agents, which may represent a promising alternative to improve soybean metabolism and productivity, thus offering a promising strategy to improve carbon and nitrogen metabolism in soybeans, contributing to increased productivity and sustainability of the crop.


The overall objective of this work is to evaluate the effects of 24-epibrassinolide and inoculation with Azospirillum brasilense on the morphogenesis of the soybean crop. As specific objectives, it is intended to: i) quantify the changes in the height and stem diameter of soybeans; ii) evaluate the growth and diameter of the taproot.

The relevance of this study lies in its contribution to the development of sustainable agronomic technologies, which aim to increase the metabolic efficiency of cultivated plants with less environmental impact. By understanding the mechanisms of action of these biostimulants, it will be possible to propose practices that optimize the use of natural resources, favoring soybean productivity and meeting the demands of modern agriculture, in addition to generating relevant knowledge for the scientific community in the area of ​​plant physiology and agricultural microbiology.
MATERIALS AND METHODS


The experiment was conducted in a greenhouse belonging to the Federal University of Maranhão (UFMA), located at 03º 44' 17" S and 43º 20' 29" W. The greenhouse has two distinct seasons: a drier season between July and December and a rainy season between January and June. The average annual temperature ranges from 28ºC to 30ºC, according to IBAMA data (2006). The experiment was carried out between September and December 2023.

Soybean seeds were used for the experiment. The experimental design used was completely randomized, in a 2x3 factorial scheme, with four repetitions, totaling 24 experimental units. The first factor corresponds to seed inoculation (at the time of sowing) of Azospirillum brasilense and absence of inoculation. The second factor corresponds to the application of three concentrations of brassinosteroids (0, 20 and 40 nM).


Thirty-two buckets with a capacity of 5 kg were used, filled with soil collected from the 0 to 20 cm depth layer. The samples were subjected to chemical and granulometric analyses in order to characterize the fertility and texture of the soil.

Before sowing, the soybean seeds were inoculated with Azospirillum, in which 200 g of inoculant (Azospirillum brasilense) were mixed in 1 ml of distilled water, then the seeds were added and planting was carried out.

Irrigation was carried out daily, adding water until reaching 60% of field capacity. Soybean plants were obtained from the initial germination of five seeds per pot, maintaining only one plant through thinning. An application of brassinosteroids was performed 15 days after planting (DAP) at concentrations of 0 (control plants, without brassinosteroid application); 30 and 40 nM brassinosteroids when the plants were in the vegetative stage.

The application was performed by applying 3 ml of brassinosteroids, using a manual sprayer, per plant on the adaxial surface (top) of the leaves in the middle third of the plants, always in the late afternoon (5 pm and 6 pm), in order to avoid losses due to evaporation and drift. Plant height, stem diameter, number of leaves, length, and taproot diameter of the soybean were determined. For statistical analysis, initially, the experimental data will be subjected to the Shapiro-Wilks test (p>0.01) and Levene's test (p>0.01) to verify residual normality and homoscedasticity, respectively.
RESULTS AND DISCUSSION

According to Table 1, the variables plant height (PH), stem diameter (SD), and number of leaves did not show a significant effect, while taproot length and taproot diameter showed an interaction effect between treatments.
Table 1. Analysis of variance (ANOVA) of morphological variables of TMG2258IPRO soybean plants as a function of Azospirillum brasilense application and 24-epibrassinolide doses.

	Causas de variação
	AP
	DC
	NF
	CRp
	DRp

	AB
	0,16NS
	0,00NS
	0,05NS
	18,04**
	0,91NS

	Br
	6,19**
	1,92NS
	0,39NS
	11,07**
	3,32NS

	AB x Br
	0,11NS
	2,08NS
	1,30NS
	12,34**
	4,18*

	Média
	42,02
	4,42
	7,19
	35,64
	1,47

	Erro padrão da média
	3,15
	0,34
	0,62
	3,34
	0,15

	CV
	15,03
	15,49
	17,38
	18,77
	21,57


* - significant (p < 0.05 or 5%), ** - significant (p < 0.01 or 1%), NS = not significant, CV = coefficient of variation, AB = Azospirillum brasilense, Br = 24-epibrassinolide, AB x Br = interaction effect, AP = Plant height, DC = Stem diameter, NF = Number of leaves, CRp = Taproot length, DRp = Taproot diameter.
Table 2 shows that at dosages of 20 nM and 40 nM of 24-epibrasinolide, there was no difference between them; however, at the 0 nM dosage, there was an increase in both dosages of 19.47% and 20.25%, respectively. This is similar to the work of (Bashan, 2010), which obtained unsatisfactory results not only for plant height but also for the number of grains and pods per plant and the weight of one thousand grains, since these are largely related to the interaction between bacteria and abiotic environmental factors.
Table 2. Analysis of the height of TMG2285IPRO soybean plants as a function of 24-epibrassinolide application.
	24-epibrasinolídeo 

nM
	AP

cm

	0
	48,43a

	20
	39,00b

	40
	38,62b


Different lowercase letters indicate statistically significant differences (p < 0.05) between the different concentrations of 24-epibrassinolide.

Checking the inoculation of Azospirillum brasilense together with the application of 24-epibrasinolide, it is observed that the doses of 0 nM and 40 nM did not express significant effects regardless of the inoculation condition (Table 3). On the other hand, the 20 nM dose provided a 70.46% increase in the taproot length of TMG2258IPRO soybean in the presence of Azospirillum, when compared to plants without inoculation.

Furthermore, in inoculated soybean plants, no significant difference was observed for the applied doses of 24-epibrasinolide. In non-inoculated plants, the same non-significant effect occurred between the 0 nM and 40 nM doses, but when compared to the 20 nM dose, both resulted in an increase of 70.05% and 61.45%, respectively, suggesting that application at the intermediate dose may have promoted a more favorable environment for root development (Lucas et al., 2018).
Table 3. Taproot length (CRp) of TMG2258IPRO soybean as a function of Azospirillum brasilense and 24-epibrassinolide application.
	Azospirillum brasilense
	24-epibrasinolídeo (nM)

	
	0
	20
	40

	SEM
	43,11 Aa
	12,91 Bb
	33,49 Aa

	COM
	44,81 Aa
	43,70 Aa
	35,81 Aa


Distinct uppercase letters indicate statistical differences (p <0.05) between the condition WITH or WITHOUT Azospirillum brasilense at the same dose of Bacillus subtilis, and distinct lowercase letters represent statistical differences between the doses of 24-epibrasinolide at the same Azospirillum brasilense condition.

When analyzing the effects of the interaction between Azospirillum brasilense and 24-epibrasinolide under the conditions without and with inoculation, it is noted that the dosages of 20 nM and 40 nM did not show significance; however, in uninoculated plants, at the 0 nM dose there is a 32.29% increase when compared to inoculated plants (Table 4). 
Similar results were reported by Hungria et al. (2010), who highlight that inoculation with Azospirillum brasilense can redirect the root development pattern, stimulating the formation of lateral roots and decreasing the thickening of the main root, which could justify the observed difference.

Evaluating the dosages of 24-epibrasinolide, in the presence of Azospirillum, it was found that there was a statistical difference between the doses applied. In the absence of Azospirillum, the 0 nM and 20 nM doses did not express a significant difference, as well as the 20 nM and 40 nM doses. However, at the 0 nM dosage there was an increase of 42.71%, which reinforces the hypothesis that the absence of bacterial stimulus can promote compensatory radial growth of the taproot (Silva et al., 2016).


As pointed out by Lucas et al. (2018), the association between different microorganisms can promote varied physiological responses, favoring the adaptation of plants to the environment and optimizing soil exploration.
Table 4. Analysis of the taproot diameter (DRp) of TMG2258IPRO soybean as a function of inoculation with Azospirillum brasilense and doses of 24-epibrasinolide.
	Azospirillum brasilense
	24-epibrasinolídeo (nM)

	
	0
	20
	40

	SEM
	1,92 Aa
	1,57 Aab
	1,10 Ab

	COM
	1,30 Ba
	1,55 Aa
	1,37 Aa


Distinct uppercase letters indicate statistical differences (p <0.05) between the condition WITH or WITHOUT Azospirillum brasilense at the same dose of Bacillus subtilis, and distinct lowercase letters represent statistical differences between the doses of 24-epibrasinolide at the same Azospirillum brasilense condition.
Table 4 shows that when analyzing the effects of the interaction between Azospirillum brasilense and 24-epibrasinolide under the conditions with and without inoculation, it is noted that the dosages of 20 nM and 40 nM showed a statistical difference; however, in plants without inoculation, at the 0 nM dose there was no significance when compared to inoculated plants.
Table 5. Analysis of variance (ANOVA) of the chemical composition in the leaf of soybean tmg2285ipro as a function of inoculation with Azospirillum brasilense and doses of 24-epibrasinolide.
	Causas de variações (ANOVA)

	Variáveis analisadas
	AB
	Br
	AB x Br
	Média
	Erro padrão média
	CV (%)

	PROT
	22,57**
	5,74*
	35,01**
	4,25
	0,25
	11,98

	AMÔN
	40,67**
	48,27**
	30,21**
	10,18
	0,76
	14,95

	AA
	149,79**
	158,27**
	175,5**
	19,95
	0,72
	7,24


* - significant (p < 0.05 or 5%), ** - significant (p < 0.01 or 1%), NS - not significant, CV - coefficient of variation, AB – Azospirillum brasilense, Br - 24-epibrasinolide, AB x Br - interaction effect, CV - Coefficient of variation, PROT – protein, AMÔN – ammonium, AA – amino acid.
Table 6. Analysis of variance in protein content in TMG2285IPRO soybean leaves as a function of inoculation with Azospirillum brasilense and doses of 24-epibrasinolide.
	Azospirillum brasilense
	24-epibrasinolídeo (nM)

	
	0
	20
	40

	
	Proteína (%)

	SEM
	2,89Bb
	3,98Ba
	4,40Aa

	COM
	5,88Aa
	5,22Aa
	3,14Bb


Capital letters - distinct indicate statistical differences (p<0.05) at the same dosage of 24-epibrasinolide, with or without inoculation of Azospirillum brasilense. Lowercase letters - distinct indicate statistical differences (p<0.05) between the different dosages of 24-epibrasinolide, with or without inoculation of Bacillus subtilis.
The results indicate statistically significant differences (p<0.05) between the different dosages of 24-epibrasinolide, with or without inoculation of Bacillus subtilis.

Analysis of the table shows statistically significant differences in the 40 (nM) doses, with an increase following the addition of Azospirillum inoculation.
Table 7. Analysis of variance in ammonium content in TMG2285IPRO soybean leaves as a function of inoculation with Azospirillum brasilense and doses of 24-epibrasinolide.
	Azospirillum brasilense
	24-epibrasinolídeo (nM)

	
	0
	20
	40

	
	Amônio (%)

	SEM
	7,02Aa 
	8,84Ba
	8,73Aa

	COM
	6,47Ac
	19,51Aa
	10,52Ab


Capital letters – distinct indicate statistical differences (p<0.05) at the same dosage of 24-epibrasinolide, with or without inoculation of Azospirillum brasilense. Lowercase letters – distinct indicate statistical differences (p<0.05) between different dosages of 24-epibrasinolide, with or without inoculation of Bacillus subtilis.

The 0 (nM) dose showed a statistical difference, while the 20 (nM) dose showed no statistical difference, while the 40 (nM) dose showed an increase with the use of Bacillus subtilis inoculation.
Table 8. Analysis of variance in ammonium content in TMG2285IPRO soybean leaves as a function of inoculation with Azospirillum brasilense and doses of 24-epibrasinolide.
	Azospirillum brasilense
	24-epibrasinolídeo (nM)

	
	0
	20
	40

	
	Aminoácido (%)

	SEM
	13,59 Bb
	16,18Bb
	19,24Aa

	COM
	17,09Ab
	38,40Aa
	15,19Bb


Capital letters - distinct indicate statistical differences (p<0.05) at the same dosage of 24-epibrasinolide, with or without inoculation of Azospirillum brasilense. Lowercase letters - distinct indicate statistical differences (p<0.05) between the different dosages of 24-epibrasinolide, with or without inoculation of Bacillus subtilis.
At doses of 20 and 40 nM, there were significant differences in the addition of Azospirillum brasilense inoculation.

Table 9. Analysis of variance (ANOVA) of the chemical composition in the root of TMG2285IPRO soybean as a function of inoculation with Azospirillum brasilense and doses of 24-epibrasinolide.
	Causas de variações (ANOVA)

	Variáveis analisadas
	AB
	Br
	AB x Br
	Média
	Erro padrão média
	CV (%)

	PROT
	0,00NS
	0,66NS
	1,21NS
	2,65
	0,24
	18,79

	AMÔN
	1183,39**
	902,44**
	900,21**
	13,28
	0,68
	10,27

	AA
	42,21**
	2,91NS
	7,45**
	8,87
	0,73
	16,60


* - significant (p < 0.05 or 5%), ** - significant (p < 0.01 or 1%), NS - not significant, CV - coefficient of variation, AB – Azospirillum brasilense, Br - 24-epibrasinolide, AB x Br - interaction effect, CV - Coefficient of variation, PROT – protein, AMÔN – ammonium, AA – amino acid.

Table 10. Analysis of variance in ammonium content in the root of TMG2285IPRO soybean as a function of inoculation with Azospirillum brasilense and doses of 24-epibrasinolid
	Azospirillum brasilense
	24-epibrasinolídeo (nM)

	
	0
	20
	40

	
	Amônio (%)

	SEM
	73,58Aa 
	3,79Ba
	3,71Ba

	COM
	4,76Ac
	7,54Ab
	56,29Aa


Capital letters - distinct indicate statistical differences (p<0.05) at the same dosage of 24-epibrasinolide, with or without inoculation of Azospirillum brasilense. Lowercase letters - distinct indicate statistical differences (p<0.05) between the different dosages of 24-epibrasinolide, with or without inoculation of Bacillus subtilis.
Table 11. Analysis of variance (ANOVA) of amino acid content in the root of TMG2285IPRO soybean as a function of inoculation with Azospirillum brasilense and doses of 24-epibrasinolide.
	Azospirillum brasilense
	24-epibrasinolídeo (nM)

	
	0
	20
	40

	
	Aminoácido (%)

	SEM
	12,35Aa 
	10,46Aab
	9,67Ab

	COM
	5,36Bb
	9,08Aa
	6,31Bb


Capital letters - distinct indicate statistical differences (p<0.05) at the same dosage of 24-epibrasinolide, with or without inoculation of Azospirillum brasilense. Lowercase letters - distinct indicate statistical differences (p<0.05) between the different dosages of 24-epibrasinolide, with or without inoculation of Bacillus subtilis.
Based on observation of Table 11, it can be seen that there was no significant difference between doses 20 and 40(nM).

Table 12. Analysis of variance (ANOVA) of the chemical composition in the leaf of TMG2285IPRO soybean as a function of inoculation with Azospirillum brasilense and doses of 24-epibrasinolide.
	Causas de variações (ANOVA)

	Variáveis analisadas
	AB
	Br
	AB x Br
	Média
	Erro padrão média
	CV (%)

	CARB
	4,61*
	2,62NS
	9,67**
	0,25
	0,02
	16,15

	SACR
	3,12NS
	193,58**
	1201,22**
	2,77
	0,07
	5,39


* - significant (p < 0.05 or 5%), ** - significant (p < 0.01 or 1%), NS - not significant, CV - coefficient of variation, AB – Azospirillum brasilense, Br - 24-epibrasinolide, AB x Br - interaction effect, CV - Coefficient of variation, CARB – carbohydrate, SACR – sucrose.
The chemical composition of soybean leaves as a function of Azospirillum brasilense inoculation and 24-epibrasinolide doses showed coefficients of variation of 16.15 and 5.39, respectively, indicating a significant difference for this parameter.

Table 13. Analysis of variance in carbohydrate content in TMG2285IPRO soybean leaves as a function of Azospirillum brasilense inoculation and 24-epibrasinolide doses.
	Azospirillum brasilense
	24-epibrasinolídeo (nM)

	
	0
	20
	40

	
	Carboidrato (%)

	SEM
	0,23Bab
	0,20Bb
	0,28Aa

	COM
	0,33Aa
	0,28Aab
	0,21Bb


Capital letters - distinct indicate statistical differences (p<0.05) at the same dosage of 24-epibrasinolide, with or without inoculation of Azospirillum brasilense. Lowercase letters - distinct indicate statistical differences (p<0.05) between the different dosages of 24-epibrasinolide, with or without inoculation of Bacillus subtilis.

Table 13 presents the analysis of variance of carbohydrate content in soybean leaves of TMG2285IPRO as a function of inoculation with Azospirillum brasilense and doses of 24-epibrasinolide. Doses of 0 and 40 nM showed a significant difference, while doses of 20 nM showed no variation.

Table 14 shows the analysis of variance in sucrose content in soybean leaves of TMG2285IPRO as a function of inoculation with Azospirillum brasilense and doses of 24-epibrasinolide.
	Azospirillum brasilense
	24-epibrasinolídeo (nM)

	
	0
	20
	40

	
	Sacarose (%)

	SEM
	1,99Ab
	1,43Bc
	4,74Aa

	COM
	1,90Ab
	5,30Aa
	1,27Bc


Capital letters – distinct indicate statistical differences (p<0.05) at the same dosage of 24-epibrasinolide, with or without inoculation of Azospirillum brasilense. Lowercase letters – distinct indicate statistical differences (p<0.05) between the different dosages of 24-epibrasinolide, with or without inoculation of Bacillus subtilis.

In Table 14, we note a significant difference in the addition of doses from 20 to 40 (nM) between the different dosages of 24-epibrasinolide, with or without inoculation of Bacillus subtilis.
Table 15. Analysis of variance (ANOVA) of the chemical composition in the root of TMG2285IPRO soybean as a function of inoculation with Azospirillum brasilense and doses of 24-epibrasinolide.
	Causas de variações (ANOVA)

	Variáveis analisadas
	AB
	Br
	AB x Br
	Média
	Erro padrão média
	CV (%)

	CARB
	2,55NS
	1,02NS
	2,99NS
	0,10
	0,009
	18,38

	SACR
	0,54NS
	24,43**
	6,91**
	3,97
	0,19
	9,70


* - significant (p < 0.05 or 5%), ** - significant (p < 0.01 or 1%), NS - not significant, CV - coefficient of variation, AB – Azospirillum brasilense, Br - 24-epibrasinolide, AB x Br - interaction effect, CV - Coefficient of variation, CARB – carbohydrate, SACR – sucrose.

Chemical composition in the root of TMG2285IPRO soybean as a function of inoculation with Azospirillum brasilense and doses of 24-epibrasinolide showed significance, contributing to increased productivity and sustainability of the plant.
Table 16. Analysis of variance (ANOVA) of sucrose content in TMG2285IPRO soybean leaves as a function of inoculation with Azospirillum brasilense and doses of 24-epibrasinolide.
	Azospirillum brasilense
	24-epibrasinolídeo (nM)

	
	0
	20
	40

	
	Sacarose (%)

	SEM
	3,70Ab
	4,97Aa
	3,06Bb

	COM
	3,58Ab
	4,52Aa
	3,98Aab


Capital letters - distinct indicate statistical differences (p<0.05) at the same dosage of 24-epibrasinolide, with or without inoculation of Azospirillum brasilense. Lowercase letters - distinct indicate statistical differences (p<0.05) between the different dosages of 24-epibrasinolide, with or without inoculation of Bacillus subtilis.
In the analysis of the sucrose content parameter in soybean leaves, there was no significant difference, as shown in Table 16. In this case, there was no statistical significance between the different dosages of 24-epibrasinolide, with or without inoculation of Bacillus subtilis.

4. Conclusion

The combination of 24-epibrassinolides and Azospirillum brasilense offers a promising strategy to improve carbon and nitrogen metabolism in soybeans, contributing to increased productivity and sustainability of the crop.
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