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ABSTRACT

Beneficial bacteria can significantly enhance rice
development through the production of phytohormones,
biological nitrogen fixation, nutrient solubilization, siderophore
synthesis and biofilm formation, which improve nutrient uptake
and increase tolerance to abiotic stresses. This study aimed
to assess the potential of 13 rhizobacterial isolates from the
Brazilian Savanna biome to promote the growth and yield of
upland rice. Biochemical assays were conducted to functionally
characterize the isolates, followed by controlled-condition
experiments. Evaluations included shoot and root dry biomass
and grain yield components. Plants inoculated with Bacillus sp.
(IA1) exhibited greater shoot biomass, whereas those treated
with Acinetobacter sp. (IB10) showed higher root biomass.
The Stenotrophomonas sp. (IB8) isolate resulted in the highest
values for number of panicles per pot, number of grains per pot
and grain yield. The principal component analysis identified
Stenotrophomonas sp. (IB8) and Acinetobacter sp. (IB6) as
most closely associated with yield-related traits. Bacillus sp.
(IA1), B. subtilis (IRS) and Acinetobacter sp. (IB10) were more
strongly linked to vegetative development. The microorganisms
promoted both growth and yield in upland rice, likely due to
biofilm formation, indole-3-acetic acid production and phosphate
solubilization.

RESUMO

Bactérias do Cerrado como
promotoras de crescimento em arroz de terras altas

Bactérias benéficas podem induzir significativamente o
desenvolvimento de plantas de arroz por meio da producdo de
fitormonios, fixagdo de nitrogénio, solubilizacdo de nutrientes,
producao de sideroforos e formacao de biofilmes que favorecem
a absor¢do de nutrientes e aumentam a tolerancia a estresses
abidticos. Objetivou-se determinar o potencial de 13 rizobactérias
do Cerrado na promogdo do crescimento e producéo de arroz
de terras altas. Foram realizados testes bioquimicos para
caracterizacdo funcional dos isolados e, posteriormente, testes
em condi¢des controladas. Avaliaram-se a biomassa seca da parte
aérea e radicular e componentes de producao de graos. As plantas
tratadas com Bacillus sp. (IA1) apresentaram maior biomassa
aérea, e as tratadas com Acinetobacter sp. (IB10) maior biomassa
radicular. O isolado Stenotrophomonas sp. (IB8) proporcionou os
maiores valores para nimero de paniculas por vaso, numero de
graos por vaso e producdo de graos. A andlise de componentes
principais indicou Stenotrophomonas sp. (IB8) e Acinetobacter sp.
(IB6) como os mais relacionados as varidveis produtivas. Bacillus
sp. (IA1), B. subtilis (IR5) e Acinetobacter sp. (IB10) apresentaram
maior associacdo com o desenvolvimento vegetativo. Os micro-
organismos promoveram o crescimento e a producdo do arroz,
possivelmente devido a formagao de biofilme, producdo de acido
indol-3-acético e solubilizagao de fosfato.

KEYWORDS: Oryza sativa L., seed treatment, beneficial
microorganisms.

INTRODUCTION

Rice is among the most widely cultivated
and consumed cereals worldwide, with an
estimated production of 776 million tons in 2022

PALAVRAS-CHAVE: Oryza sativa L., tratamento de sementes,
micro-organismos benéficos.

(FAO 2023). Its broad acceptance is primarily
attributed to its high concentration of easily
digestible carbohydrates, as well as its nutritional
and organoleptic properties, which make it a staple
food and an essential dietary component for nearly

! Received: June 18, 2025. Accepted: Aug. 18, 2025. Published: Sep. 11, 2025. DOIL: 10.1590/1983-40632025v5583152.
? Universidade Federal de Goias, Escola de Agronomia, Goiania, GO, Brazil.
E-mail/ORCID: alinefacanha@discente.ufg.br/0000-0002-4800-4620; junio2@discente.ufg.br/0000-0002-4836-7640;
evandrocosta@discente.ufg.br/0000-0003-1991-0285.
3 Universidade Federal do Para, Instituto de Ciéncias Bioldgicas, Belém, PA, Brazil.
E-mail/ORCID: carlos.cavalcante@icen.ufpa.br/0000-0003-3058-4740.
4 Empresa Brasileira de Pesquisa Agropecuaria (Embrapa Arroz e Feijao), Santo Antonio de Goias, GO, Brazil.

E-mail/ORCID: adriano.nascente@embrapa.br/0000-0002-6014-3797.

Editor: Luis Carlos Cunha Junior/Data Availability Statement: Research data are only made available by authors upon request.



2 A. C. M. Faganha et al. (2025)

half of the global population (Verma & Srivastav
2020).

Globally, Brazil ranks ninth in rice production,
accounting for 1.3 % of the total cultivated
worldwide (Embrapa 2025). In the Americas, the
country contributes with approximately 28 % of
the production, consolidating its position as the
leading regional producer (Embrapa 2025). The
2023 crop year yielded 10.3 million tons harvested
from 1.5 million hectares, with an average yield
of 6,939 kg ha' (IBGE 2024). Nevertheless, the
prevailing production model is still characterized by
the intensive use of chemical inputs, such as synthetic
fertilizers and pesticides, which generate significant
environmental impacts and increase production costs,
ultimately compromising the sustainability of the
system (Cruz et al. 2023).

In this context, the use of plant growth-
promoting microorganisms (PGPM) has emerged
as a promising biotechnological alternative, capable
of mitigating the negative effects of conventional
management while simultaneously enhancing the
agronomic performance of crops (Ansabayeva et al.
2025). Several studies have highlighted the benefits
of PGPM inoculation in different agricultural species.
For instance, Moretti et al. (2020) reported substantial
improvements in both vegetative and reproductive
development of soybean through coinoculation with
growth-promoting bacteria. Similarly, Korir et al.
(2017) observed significant increases in shoot and
root dry mass, as well as in nitrogen fixation, in
common bean plants subjected to inoculation.

Specifically in rice, studies such as those by
Yasmin et al. (2016), Ouyabe et al. (2020) and Cruz et
al. (2025) have demonstrated that PGPM application
enhances vegetative growth, plant vigor and,
consequently, grain yield. These findings reinforce
the importance of strategies based on agricultural
microbiology as sustainable tools for productivity
intensification, particularly under challenging
edaphoclimatic conditions.

Despite the achieved advances, there remains
a need to expand the exploration of new microbial
strains adapted to the specific conditions of upland
rice, with the goal of diversifying the available
bioinputs and optimizing crop performance. Thus,
the present study aimed to evaluate the potential of
13 rhizobacterial isolates from the Brazilian Savanna
in promoting the growth and yield of upland rice.
To this end, biochemical tests were conducted to

assess the functional traits of the isolates, followed
by controlled experiments designed to validate their
agronomic effects.

MATERIAL AND METHODS

The study was carried out at the Empresa
Brasileira de Pesquisa Agropecuaria (Embrapa Arroz
e Feijdo), in Santo Antonio de Goias, Goias state,
Brazil, in May 2024. The local climate is classified
as AW (tropical Savanna), with experimental
temperatures ranging from 20 to 31 °C.

Since the microorganisms had not yet been
biochemically characterized, four tests were
conducted to evaluate their functions: phosphate
solubilization, biofilm production, nitrogen fixation
and indole-3-acetic acid (IAA) production. The
microorganisms were collected from the central
pivot area of the IFGoiano, in Ceres, Goias
state, Brazil, from soil adhering to the roots of
Brachiaria ruziziensis and Pennisetum glaucum.
The isolates evaluated were: 1A1 (Bacillus sp.),
IR1 (Herbaspirillum seropedicae), IR3 (Rhizobium
sp.), IRS (Bacillus subtilis), IR6 (LysiniBacillus
boronitolerans), IR7 (Herbaspirillum seropedicae),
IR8 (Herbaspirillum seropedicae), 1B1 (Bacillus
velezensis), IB5 (Pseudomonas putida), 1B6
(Acinetobacter sp.), IB8 (Stenotrophomonas sp.),
IB10 (Acinetobacter sp.) and 1F2 (Pantoea sp.).

Biofilm production was assessed on Congo
Red Agar (CRA), following Freeman et al. (1989),
with incubation at 28 °C, for 48 h. Black, wrinkled
colonies were considered positive producers.
Phosphate solubilization was tested on 10 % TSA
medium supplemented with CaHPOa, with the
formation of a translucent halo indicating a positive
result (Cattelan 1999). Nitrogen fixation was
evaluated according to Estrada de Los Santos et al.
(2001), with a change in medium color after seven
days indicating activity. For IAA quantification,
isolates were cultivated in potato-dextrose (PD)
broth, with and without L-tryptophan (100 mg L),
under agitation at 26 + 2 °C, for eight days. Every
48 h, samples were analyzed by spectrophotometry
(540 nm), based on a standard curve (Oliveira et al.
2009). All tests were performed in triplicate.

After biochemical characterization, the
microorganisms were tested under partially controlled
conditions (screenhouse), between September and
December 2024.
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The experiment followed a completely
randomized design, with 13 treatments
(microorganisms)and one control (no microorganisms),
each replicated four times. The isolates were cultured
on Nutrient Agar (NA) at 28 °C, for 24 h, in a BOD
incubator, and then transferred to nutrient broth in
Erlenmeyer flasks (35 mL) and shaken for 24 h, at
140 rpm. The suspension was adjusted to A540 = 0.1
(10® CFU) (Nascente et al. 2023).

Upland rice seeds (cultivar A502) were surface-
sterilized with sodium hypochlorite (7.5 %) for 7 min,
followed by 70 % ethanol for 3 min, and rinsed three
times with sterilized distilled water. After drying
on absorbent paper, the seeds were microbiolized
following Bezerra et al. (2013), by immersion in
35 mL of the bacterial suspension for 24 h, under
agitation at 140 rpm. The control was treated only
with sterilized, autoclaved distilled water.

The soil chemical properties were as follows:
pH (H20): 5.1; available P: 2.30 mg dm= (Mehlich-1);
S: 0.0 mg dm™; K*: 0.20 cmol_ dm”, equivalent to
78 mg dm; Ca**: 2.0 cmol dm~; Mg**: 0.9 cmol dm;
Ca** + Mg**: 2.9 cmol dm™; AP**: 0.0 cmol dm”;
H* + AP*: 2.7 cmol dm?; organic C: 2.3 %; Zn*":
0.5 mg dm?3; Cu?": 1.1 mg dm?3; Fe*": 1.4 mg dm?;
Mn**: 0.6 mg dm”; CEC (pH 7.0): 5.82 cmol dm~;
V: 53.65 %; Ca/CEC: 34.36 %; Mg/CEC: 15.46 %;
K/CEC: 3.44 %; H + AI/CEC: 46.39 %; m: 0 %.

One week before sowing, 7-kg pots were
filled with soil and fertilized with 2 g of N-P2Os-
K20 (5-30-15). Ten microbiolized seeds were sown
per pot. At 10 days after emergence, thinning was
performed, leaving 2 plants pot'. During tillering
and panicle initiation, 2 g of urea were applied per
pot. Weed control was carried out manually on a
weekly basis, and irrigation was performed daily to
maintain the soil at field capacity until physiological
maturity.

At 104 days after sowing, at physiological
maturity, the shoots were harvested at the soil level.
The roots were collected and washed in fine-mesh
sieves to minimize losses. Shoot and root samples
were placed in paper bags and oven-dried at 65 °C,
with forced air circulation, until a constant weight was
reached. The dry biomass (g pot!) was determined
using a precision scale.

At physiological maturity, agronomic traits
were measured: number of panicles per pot,
determined by counting the total number of panicles
per pot; number of grains per pot, evaluated

by counting the total number of grains per pot;
1,000-grain weight (g), measured and calculated by
proportional conversion; and grain yield (g pot™),
determined by weighing the total grain production
per pot.

The data were subjected to Anova, to assess
the significance of treatment effects (p <0.05). When
necessary, Box-Cox transformation was applied.
Means were compared using the Tukey test, and
assumptions of normality and homoscedasticity
were verified with the Shapiro-Wilk and O’Neill-
Mathews tests. Analyses were performed in the R
software (R Core Team 2023), using the packages
fpp, ExpDes.pt and ggplot2.

For multivariate analysis, the principal
component analysis (PCA) was applied, using the
correlation matrix. The components were selected
according to the Kaiser’s criterion (eigenvalues > 1),
and plots were generated with ggplot2.

RESULTS AND DISCUSSION

All tested microorganisms exhibited at least
one functional trait related to plant growth promotion
(Table 1). Biofilm production was observed in six
isolates (IA1, IRS, IB1, IBS8, IB10 and IF2). This trait
is particularly relevant because, as biofilms mature,
bacteria secrete proteins, DNA and polysaccharides
that form a protective matrix, enhancing resistance to
stress and favoring rhizosphere colonization (Rabin
et al. 2015, Rodrigues et al. 2019). An example is
Bacillus subtilis (IRS5), whose biofilm formation plays
a central role in biocontrol processes and plant growth
promotion, contributing to microbial adaptation and
rhizosphere community stability (Arnaouteli et al.
2021).

Phosphate solubilization was detected in the
isolates IR3, IB5, IB6 and IB10 (Table 1). This
capacity increases soil phosphorus availability, an
essential nutrient often found in insoluble forms, and
therefore poorly assimilated by plants (Timofeeva et
al. 2022). Pseudomonas putida (IB5) is notable for
its ability to solubilize insoluble phosphates such
as tricalcium and rock phosphate, mainly through
the production of organic acids (gluconic, oxalic
and malic) that acidify the medium and release
phosphorus (Singh et al. 2024). A strain has been
reported to solubilize up to 367.54 pg mL"' of
phosphorus, highlighting its potential as a biofertilizer
in P-deficient soils (Khan et al. 2022).
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Table 1. Biochemical characterization of the isolated microorganisms.

Code Isolate Biofilm Phosphate Nitrogen TAA (pg mL")
1A1 Bacillus sp. + - - 4.14
IR1 Herbaspirillum seropedicae - - + 25.51
1IR3 Rhizobium sp. - + - 14.82
IRS Bacillus subtilis + - + 10.38
IR6 LysiniBacillus boronitolerans - - - 8.39
IR7 Herbaspirillum seropedicae - - + 3245
IR8 Herbaspirillum seropedicae - - + 28.94
IB1 Bacillus velezensis + - - 4.66
IB5 Pseudomonas putida - + - 1.63
IB6 Acinetobacter sp. - + - 6.02
IB8 Stenotrophomonas sp. + - - 14.42
IB10 Acinetobacter sp. + + + 2.04
IF2 Pantoea sp. + - + 29.93

+ and - : presence and absence of the attribute, respectively; IAA: indole-3-acetic acid.

Nitrogen fixation was confirmed in the isolates
IR1, IR3, IRS, IR7, IR8, IB10 and IF2 (Table 1).
Herbaspirillum seropedicae (IR1, IR7 and IRS) is
an endophytic diazotrophic bacterium capable of
fixing atmospheric nitrogen and assimilating nitrate
and ammonium via systems such as NtrY-NtrX and
assimilatory nitrate reductase (Bonato et al. 2016). Its
inoculation improves nitrogen uptake and increases
plant biomass (Breda et al. 2019). Rhizobium sp.
(IR3) is well known for symbiotic nitrogen fixation
in legumes (Radwan et al. 2002). Bacillus subtilis
(IR5), Acinetobacter sp. (IB10) and Pantoea sp. (IF2)
also participate in the nitrogen cycle, although their
mechanisms remain less well understood (Loaces et
al. 2011).

Indole-3-acetic acid (IAA) production, a key
auxin in plant growth promotion, was observed
in all isolates, with the highest levels recorded for
IR7 (32.45 pg mL"), IF2 (29.93 pg mL"), IR8
(28.94 ugmL")and IR1(25.51 ugmL™), respectively
(Table 1). IAA directly promotes cell elongation,
lateral root formation and tissue differentiation,
making it one of the main mechanisms of microbial
plant growth promotion (Etesami & Glick 2024).
Strains of Herbaspirillum seropedicae (IR1,1R7,IR8)
have been reported to produce more than 100 uM of
IAA in media supplemented with tryptophan (Radwan
etal. 2002), and production can be increased by up to
370 % through cultivation optimization (Scheidt et al.
2020). The IF2 (Pantoea sp.) isolate also showed a
high potential, surpassing even bacteria traditionally
recognized for this function, such as Azospirillum
brasilense (Loaces et al. 2011).

The analysis of Figure 1A shows that the
Bacillus sp. (IA1) isolate promoted the highest
accumulation for shoot dry matter, with41.83 g plant,
representing an increase of approximately
109 %, when compared to the control, thereby
demonstrating its strong potential to stimulate shoot
development in rice. The treatments IR1, IR3, IR5,
IR6, IR7, IRS, IB1, IBS, IB10 and IF2 showed
intermediate values, with no significant differences,
if compared with the control.

These findings corroborate those of Fernandes
et al. (2020), who reported significant increases
in rice shoot biomass following inoculation with
microbial consortia containing Bacillus species.
Similarly, Nascente et al. (2016) observed an increase
in shoot biomass from 18.54 g in the control to
21.53 g with the BRM32114 (Bacillus spp.) isolate,
reinforcing the potential of microorganisms in plant
growth promotion. More recent studies, such as that
of Kulkova et al. (2023), also highlight the beneficial
effects of Bacillus inoculation in rice cultivation.

In this context, the Bacillus sp. (IA1) isolate,
despite presenting low levels of IAA and lacking
phosphate solubilization or nitrogen fixation,
still promoted shoot growth. This effect may be
attributed to the production of siderophores such
as bacillibactin, widely synthesized by species like
B. velezensis and B. subtilis (Liu et al. 2024), which
increase iron availability and activate transporters
such as YSL15, thereby favoring shoot development
(Singh et al. 2023).

Regarding root dry mass, a distinct
response was observed. Bacillus subtilis (IRS5) and
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Figure 1.

Shoot (A) and root dry mass (B) in upland rice plants, cultivar BRS A502. Treatments: C: control; IA1: Bacillus sp.;

IR1: Herbaspirillum seropedicae; IR3: Rhizobium sp.; IRS: Bacillus subtilis; 1R6: LysiniBacillus boronitolerans;
IR7: Herbaspirillum seropedicae; IR8: Herbaspirillum seropedicae; IB1: Bacillus velezensis; IB5: Pseudomonas putida;
IB6: Acinetobacter sp.; IB8: Stenotrophomonas sp.; IB10: Acinetobacter sp.; IF2: Pantoea sp.

Acinetobacter sp. (IB10) stood out, with values of
51.86 and 55.49 g, respectively (Figure 1B). These
correspond to increases of 101.39 and 115.49 %,
when compared with the control (25.75 g), clearly
demonstrating the positive effect of inoculation on
root development. This response can be explained
by the biochemical traits of these microorganisms.
Both demonstrated biofilm formation and nitrogen
fixation, and, in the case of Acinetobacter sp. (1B10),
also phosphate solubilization (Table 1), providing
multiple mechanisms for root growth promotion.

The performance of Bacillus subtilis (IRS) is
consistent with reports for rice (Oryza sativa) (Zhu
etal. 2022), Brassica juncea (brown mustard) (Zaidi
et al. 2006) and various other crops reviewed by
Blake et al. (2021), all emphasizing IA A production
and biofilm formation as key mechanisms of root
growth promotion. Although less studied in rice,
Acinetobacter sp. (IB10) seems promising. Its
ability to form biofilm, fix nitrogen, solubilize
phosphate and produce high levels of [AA enhances
its potential effects on the root system (Bhattacharjee
et al. 2023).

The Stenotrophomonas sp. (IB8) isolate was
the most effective in promoting the productive

traits of rice, showing the highest number of
panicles per pot (Figure 2A) and grains per pot
(Figure 2B). It resulted in an average increase of
133.33 % in the number of panicles and 305.39 %
in the number of grains per pot, when compared to
the control, indicating its strong potential as a plant
growth-promoting agent. Biofilm formation by
Stenotrophomonas sp. supported stable rhizosphere
colonization and protection against environmental
stresses (Zhao et al. 2024), while also enabling the
release of beneficial compounds such as organic
acids, siderophores, auxins, hydrolytic enzymes
and volatile organics (Garcia-Fraile et al. 2015).
Additionally, the production of IAA stimulated
root growth and enhanced the uptake of essential
nutrients (Singh et al. 2023). The integrated action
of these mechanisms significantly contributed to
the increase in rice panicles, even in the absence of
other functions. Previous studies also report similar
effects of Stenotrophomonas, such as an increase in
the number of panicles in rice (Saechow et al. 2018,
Suarez-Moreno et al. 2019) and yield improvements
in crops such as sugarcane and tomato (Singh et
al. 2020, Tuong et al. 2022). Furthermore, auxin
production by Stenotrophomonas may be associated
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Figure 2. Number of panicles per pot (A) and number of grains per pot (B) in upland rice plants, cultivar BRS A502. Treatments:
C: control; 1A1: Bacillus sp.; IR1: Herbaspirillum seropedicae; IR3: Rhizobium sp.; IRS: Bacillus subtilis; IR6:
LysiniBacillus boronitolerans; IR7: Herbaspirillum seropedicae; 1R8: Herbaspirillum seropedicae; 1B1: Bacillus
velezensis; 1B5: Pseudomonas putida; 1B6: Acinetobacter sp.; 1B8: Stenotrophomonas sp.; IB10: Acinetobacter sp.;

IF2: Pantoea sp.

with the stimulation of reproductive growth (Ulrich
et al. 2021) (Table 1).

Inoculation with microorganisms did not
significantly influence the mass of 1,000 grains,
which ranged from 24.70 (IB8) to 27.80 g (IR7),
values statistically similar to the control (Figure 3A).
This result confirms the observations of Fernandes
et al. (2020), indicating that grain mass is a highly
heritable trait, predominantly determined by cultivar
genotype. Environmental or microbiological factors
tend to affect the number of grains or total biomass
rather than the individual grain mass, which remains
stable and reflects the plant’s genetic potential
(Morais Junior et al. 2017, Streck et al. 2017).

In contrast, grain yield was significantly affected
by the treatments (Figure 3B), with Stenotrophomonas
sp. (IB8) producing values statistically higher than
the control. This performance may be related to its
ability to form biofilms, which favor rhizosphere
colonization and improve nutrient uptake (Ajijah et al.
2023). Moreover, this feature contributes to moisture
retention around the roots and protection against abiotic
stresses such as drought (Nascimento 2025). Biofilms
are structures composed of exopolysaccharides,
proteins and volatile compounds produced by bacteria

that modulate plant physiological responses such as
stomatal closure and accumulation of osmoprotective
solutes, thereby increasing resilience and directly
enhancing yield (Gomes et al. 2022). Tuong et al.
(2022) observed an increase in the number of fruits
in tomato with Stenotrophomonas sp., whereas
Singh et al. (2020) reported agronomic gains in
sugarcane. Together with the results obtained in this
study, these findings confirm the potential of the
Stenotrophomonas genus as a yield-promoting agent
in different crops, including upland rice.

The first two principal components (PC1 and
PC2) together explained 69.74 % of the variability
in the data (Figure 4), meeting the Kaiser’s criterion
(eigenvalues > 1). PC1 showed a direct association
with production-related variables - number of
grains per pot, number of panicles per pot and
yield - whereas shoot dry matter, root dry matter and
1,000-grain weight exhibited inverse correlations.
PC2, on the other hand, was mainly associated with
vegetative variables, particularly root dry matter
(40.48 %) and shoot dry matter (37.43 %), followed
by 1,000-grain weight, yield, number of panicles per
pot and number of grains per pot, characterizing it as
an index of vegetative development.
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IB10: Acinetobacter sp.; IF2: Pantoea sp.
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The score plot (Figure 4A) revealed that
treatments with Stenotrophomonas sp. (IB8) and
Acinetobacter sp. (IB6) had the highest values for
PC1, indicating a strong association with productive
variables. This suggests that these isolates have
a greater potential to promote grain yield and
reproductive structures in rice. In contrast, the
control treatment presented negative scores for
this component, reinforcing the positive effect of
microbial inoculation.

The results are consistent with those shown
in Figures 3A and 3B, which already indicated the
strong performance of IB8 and IB6 in production-
related variables. Multivariate analysis, therefore,
confirms and complements the univariate findings,
highlighting the biotechnological potential of these
isolates in promoting the growth and yield of upland
rice.

The IA1 (Bacillus sp.), IB10 (Acinetobacter
sp.) and IRS (Bacillus subtilis) isolates presented
low mean scores for PC2, indicating that these
treatments are promising for enhancing vegetative
development in upland rice (Figure 3). These results
are consistent with previous findings (Figures 1A
and 1B), reaffirming the potential of these bacteria.
Moreover, the control lies in the diametrically
opposite direction from the treatments 1A1, IB10
and IRS, indicating that microbial application is an
effective strategy to improve these variables, when
compared to the control.

Therefore, inoculation with multifunctional
microorganisms positively influenced rice plant
development, promoting gains in yield components
such as number of panicles per pot and grain mass,
as well as grain yield, while also favoring vegetative
shoot growth. This indicates a greater efficiency in
resource use and biomass accumulation, resulting in
more vigorous and productive plants.

CONCLUSIONS

1. All tested microorganisms exhibited at least one
functional trait associated with plant growth
promotion, such as indole-3-acetic acid production,
biofilm formation, phosphate solubilization or
nitrogen assimilation;

2. Stenotrophomonas sp. (IB8) and Acinetobacter sp.
(IB6) were associated with increases in number
of grains per pot, number of panicles per pot and
grain yield;

3. Bacillus sp. (1A1), Bacillus subtilis (IR5) and
Acinetobacter sp. (IB10) showed potential to
promote vegetative development.
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