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Abstract

The high demand for soybeans in Brazil requires seeds with high physiological quality, enabling the establishment of
vigorous seedlings. Abiotic stresses can limit seedling development. In this context, bio-inputs based on Bacillus spp.
have stood out, acting in the promotion of root growth, nutrient availability, and induction of resistance. Thus, the
objective was to evaluate the action of a commercial bio-input based on Bacillus spp. bacteria on the physiology of
soybean seedlings. The bio-input was inoculated in sand substrate in trays, at concentrations of 0 (distilled water);
50; 100; 150 and 200 pL. Two hundred seeds were sown per treatment, with 4 repetitions. The emergence of soybean
seedlings, length and dry mass, as well as gas exchange, chlorophyll a fluorescence, and anatomical and histochemical
analysis of the leaves were analyzed. Doses between 100 and 150 pL were able to improve seedling performance, length,
and biomass. All doses of the bio-input provided ideal values of potential quantum yield of PSII (Fv/Fm), close to 0.83,
reaching a maximum at the estimated dose of 132.07 pL, with a peak of 0.77. The leaves of seedlings treated with the
bio-input showed greater xylidine staining, indicating an increase in protein compounds and, consequently, expansion
of intercellular spaces in the spongy parenchyma, in contrast to the control group, which showed less xylidine staining.
Furthermore, a strong positive correlation was found between the potential quantum yield of PSII (Fv/Fm) and growth
variables, including emergence (EM), shoot length (CA), root length (CR), shoot dry mass (MA), and root dry mass (MR).
The bio-input was able to stimulate the initial growth of soybean seedlings, mainly at concentrations of 100 to 150 piL,
although further studies are needed to validate its action under real cultivation conditions.

Keywords: bacteria, growth, physiological performance, Glycine max, vigor.

Resumo

A alta demanda de soja no Brasil necessita que as sementes tenham alta qualidade fisioldgica, possibilitando o
estabelecimento de plantulas vigorosas. Estresses abi6ticos podem limitar o desenvolvimento das plantulas. Nesse
contexto, bioinsumos a base de Bacillus spp. tém se destacado, atuando na promogao de crescimento radicular, na
disponibilizagdo de nutrientes e na inducdo de resisténcia. Desse modo, objetivou-se avaliar a agdo de um bioinsumo
comercial a base de bactérias Bacillus spp. na fisiologia de plantulas de soja. O bioinsumo foi inoculado em substrato
areia em bandejas, nas concentragdes de 0 (agua destilada); 50; 100; 150 e 200 pL. Foram semeadas 200 sementes por
tratamento, com 4 repeti¢des. Foram analisadas a emergéncia das plantulas de soja, o comprimento e a massa seca,
além de trocas gasosas, fluorescéncia da clorofila a e andlise anatdmica e histoquimica das folhas. As doses entre 100 e
150 pL foram capazes de melhorar o desempenho das plantulas, comprimento e biomassa. Todas as doses do bioinsumo
proporcionaram valores ideais de rendimento quantico potencial do PSII (Fv/Fm), préximos a 0.83, atingindo o maximo
na dose estimada de 132.07 pL, com apice de 0.77. As folhas das plantulas tratadas com bioinsumo apresentaram
maior marcagdo por xylidine, indicando aumento de compostos proteicos e, consequentemente, expansao dos espagos
intercelulares no parénquima esponjoso, em contraste com o grupo controle, que apresentou menor marcagao por
xylidine. Além disso, verificou-se forte correlacao positiva entre o rendimento quantico potencial do PSII (Fv/Fm) e
as variaveis de crescimento, incluindo emergéncia (EM), comprimento da parte aérea (CA), comprimento radicular
(CR), massa seca da parte aérea (MA) e massa seca da raiz (MR). O bioinsumo foi capaz de estimular o crescimento
inicial das plantulas de soja, principalmente em concentragoes de 100 a 150 pL, sendo ainda necessarios mais estudos
para validar sua a¢ao em condi¢des reais de cultivo.

Palavras-chave: bactérias, crescimento, desempenho fisiolégico, Glycine max, vigor.
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1. Introduction

In Brazil, soybean (Glycine max (L.) Merrill) is a
predominant crop, standing out as the country’s main
agricultural activity. According to FAO (2025), the total
soybean production in 2024 was 144,473,768 tons. Given
this context, the significant demand for soybeans in
Brazil is clear. To meet it effectively, seeds must possess
high physiological quality to ensure the establishment
of vigorous seedlings. This initial stage is critical, as it
ultimately determines the success or failure of the entire
harvest (Finch-Savage and Bassel, 2016).

Factors such as climate change, water stress, and nutrient
availability can compromise soybean development (Bagale,
2021; Staniak et al., 2023). In this context, bioinputs
derived from bacteria of the genus Bacillus have gained
prominence. These bacteria, known as Plant Growth-
Promoting Rhizobacteria (PGPR) (Pirttild et al., 2021), are
naturally found in the soil and live in association with plant
roots (Adedayo et al., 2022). Inoculation can be carried out
in several ways: applied to the soil, on seeds, or directly
onto the roots (Suharman et al., 2025; Lopes et al., 2021),
where they promote development and contribute to
plant health (Adedayo et al., 2022). Thus, they represent
a promising alternative for agriculture.

These bacteria act by colonizing plant roots. Once
established, they produce phytohormones such as auxins
that stimulate root growth and facilitate nutrient uptake
(Dame et al., 2021; Luo et al., 2022), thereby promoting
seedling development. Furthermore, they protect seedlings
by inducing systemic resistance and antagonizing pathogens
(Blake et al., 2021; Dame et al., 2021).

Given this, studies have shown that Bacillus spp.,
alongside other microorganisms, can increase the
emergence rate of soybeans under stress (Liu et al., 2023)
and improve productivity parameters (Rafique et al., 2025),
in addition to root size and dry mass (Vey et al., 2025).
However, research specifically investigating the direct
effect of Bacillus spp. on the initial development of
soybean seedlings, particularly concerning physiological
performance, remains scarce. Therefore, the objective
of this study was to evaluate the action of a commercial
Bacillus spp., based bioinput on the physiology performance
of soybean seedlings.

2. Material and Methods

2.1. Plant material and treatments

The trials were conducted at the Seed Analysis
Laboratory of the Federal Institute of Education, Science
and Technology Goiano (IFGoiano), Rio Verde Campus,
GO. Prior to the experimental setup, soybean seeds of
the GNS 7400 IPRO cultivar, from the 2024/25 harvest,
were characterized by determining their water content
and performing a germination test, in accordance with
Brasil (2025).

The experiment was conducted using a commercial
bioinput formulated with Bacillus spp. bacteria, diluted
in distilled water to obtain the following concentrations:
0 (control, distilled water only), 50, 100, 150, and 200 pL.
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Doses were determined based on the commercial product’s
recommendations.

Sand was used as the substrate, having been previously
sieved and and sterilized in an oven at 200 °C for two
hours (Brasil, 2025). Field capacity was then determined
according to the methodology described in the Rules for
Seed Analysis (RAS) for species of the Fabaceae family,
which establishes sand wetting to 60% of its water retention
capacity (Brasil, 2025).

The bioinput was inoculated directly into the sand
substrate, which was distributed in Styrofoam trays (21 cm x
14 cm x 1.8 cm). For each treatment, two trays containing 4 kg
of sand, moistened with 600 mL of the bioinput concentration,
were used. The substrate was manually homogenized with
the solution to ensure uniform inoculant distribution.

Next, 200 seeds per treatment were sown, distributed
in four replicates of 50 seeds, at a depth of 1 cm in the
substrate. Subsequently, the trays were covered with plastic
bags to reduce moisture loss through evaporation and
transferred to a germination chamber, where they remained
for 12 days at a controlled temperature of 25 £ 0.5 °C.

2.1.1. Physiological parameters

- Emergence Test: On the eighth day after sowing, in
a substrate containing the inoculant and maintained
in a germination chamber, the number of emerged
seedlings was counted. Seedlings with cotyledons
above the substrate surface were considered emerged.
Emergence was calculated according to the criteria
described by Nakagawa (1999).

- Seedling Length: Ten seedlings were randomly selected
per replicate. They were then washed in running water to
preserve the integrity of the root system. Subsequently, the
root and shoot length of each seedling were determined
using a millimeter ruler (mm) (Brasil, 2025).

- Dry Mass: The seedlings used in the length test were
designated for dry mass evaluation. The roots and shoots
were placed separately on kraft paper in a forced-air
oven at 80 °C, with forced air circulation, for 24 hours.
The dry biomass was then weighed on an analytical
balance (Nakagawa, 1999). The results were expressed
in grams (g) per seedling.

2.1.2. Gas exchange

Using the same seedlings from the previous test, gas
exchange was measured in fully expanded leaves of four
seedlings per treatment. The net rate of photosynthesis
(A,nmol CO* m2 1), stomatal conductance (gs, molH,0 m?2s1),
and transpiration rate (E, mmol H20 m?s') were determined
using an open-system infrared gas analyzer (IRGA) (LI-6800,
LI-COR Inc., Lincoln, NE, USA). A, gs and E determinations
were made between 8:00 AM and 11:00 AM under constant
photosynthetically active radiation (PAR, 1000 pmol
photons m* s') and temperature (25 °C).

2.1.3. Chlorophyll a fluoresce

Chlorophyll a fluorescence images were obtained using
an Imaging-PAM modulated fluorometer (MAXI-Standard
version, Heinz Walz). Concomitantly with the previous
test, four seedlings per replicate were randomly selected.
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These seedlings were placed in the dark for at least
40 minutes to determine initial fluorescence (FO) and
maximum fluorescence (Fm). FO represents the minimum
fluorescence yield excited by low-intensity modulated red
light (3 pmol m?s'), while Fm is the maximum fluorescence
obtained by applying a saturating incident light pulse
for 0.8 s (>6000 pmol m s). Thus, it was possible to
quantify the potential quantum yield of photosystem II
(PSII) as Fv/Fm = (Fm-FO) /[Fm. Subsequently, variables
of the slow phase of fluorescence induction were
obtained by applying continuous illumination for 30 s
and a saturating light pulse to determine fluorescence
(F). A further saturating pulse was used to obtain
maximum fluorescence in the light (Fm’). This allowed
for the estimation of the minimum fluorescence of plant
tissue under illumination, FO/[((Fm - FO/Fm) + (FO/Fm’)]
(Oxborough and Baker, 1997). The effective quantum yield
of light energy conversion in PSII, ®II = (Fm’ - F) /[Fm’, as
well as the unregulated energy dissipation yield, ®NO = F/
Fm, were determined as described by Genty et al. (1989)
and Hendrickson et al. (2004).

2.1.4. Anatomical and histochemical characterization

Samples were collected from the mid-leaf blade of four
fully expanded leaves from each treatment on the same
day as the previous tests. All collected material was then
fixed in Karnovsky (1965) for 24 hours. Following this
step, it was embedded by dehydration in ethanol and
attached to historesin (Leica, Nussloch, Germany). Using a
tabletop rotary microtome (Model 1508R, Logen Scientific,
China), 5-pm-thick cross-sections were made and stained
with toluidine blue for structural visualization and with
Xylidine Ponceau (XP) for total protein identification
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(Kraus and Arduin, 1997; O'Brien et al., 1964; O’'Brien and
McCully, 1981). Finally, the slides were examined using
an Olympus microscope (model BX61, Tokyo, Japan),
equipped with a DP-72 camera for image capture, using
the bright-field configuration.

2.1.5. Statistical analysis

The experimental design was completely randomized
(CRD), with five treatments and four replications, totaling
20 experimental units. Data were subjected to analysis of
variance (ANOVA) and polynomial regression analysis. Data
on seed physiological potential, gas exchange parameters,
fluorescence, and biochemistry were subjected to principal
component analysis (PCA) and Pearson correlation (r).
Statistical evaluations were conducted using R software
version 3.6.0., version 4.4.1, and graphs were generated
using the SigmaPlot program.

3. Results

3.1. Physiological responses of soybean seedlings to
bacterial bioinput

Soybean seedling emergence was influenced by the
bioinput concentrations, exhibiting a quadratic behavior
across the tested doses. The maximum emergence point was
estimated at 141.3 pL, corresponding to 91.6% emergence,
as calculated through the critical point of the regression
equation. The observed values showed a progressive
increase up to the doses of 100 and 150 pL, with emergence
of approximately 91.0% and 91.5%, respectively, followed by
aslight reduction at the dose of 200 uL (90.5%) (Figure 1).
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Figure 1. Emergence of soybean seedlings in substrate with bioinput based on Bacillus spp. at concentrations of 0; 50; 100; 150 and 200 pL.

The asterisk indicates significance for p < 0.05 by the t-test.
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The variables shoot length (A), shoot dry mass (C), and
root dry mass (D) showed a pattern similar to emergence
(Figure 2), with the maximum point reached between
doses of 100 to 150 L, followed by a decline at the dose of
200 pL. Shoot length reached its estimated maximum point
at122.7 nL(27.4 cm), while for shoot dry mass and root dry
mass, the estimated doses for maximum response were
136.1 nL (0.4188 g) and 142.7 pL (0.3506 g), respectively.
Regarding root length (B), the maximum response was
at 164.5 pL (13.2 cm), but it also showed a reduction at
the dose of 200 pL.
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3.2. Imaging fluorescence and seedling gas Exchange

The potential quantum yield of PSII (Fv/Fm) (Figure 3B) was
the only variable that showed differences among the doses,
reaching its maximum at the estimated dose of 132.07 pL,
with a peak of 0.77, followed by a decline. For the remaining
variables, maximum fluorescence (Fm), minimum fluorescence
(F0), effective quantum yield of PSII (®II), and quantum yield
of non-regulated energy dissipation of PSII (®NO) (Figure 3A),
the bioinput doses did not influence the observed mean values.

For the analysis of gas exchange (Table 1), the data
indicated that the bioinput doses did not cause significant
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Figure 2. Shoot length (A); root length (B); shoot dry mass (C); and root dry mass (D) of soybean seedlings grown in substrate with
bioinput based on Bacillus spp., at concentrations of 0; 50; 100; 150 and 200 pL. The asterisk indicates significance for p < 0.05 by the

t-test; ns: not significant for p > 0.10.

Table 1. Transpiration rate (E); stomatal conductance (gs); and photosynthetic rate (A) in soybean seedlings 12 days after sowing in
substrate with concentrations of 0; 50; 100, 150 and 200 pL of bio-input based on Bacillus spp.

Bio-input E (mmol m-?s') gs (mol m-2s-1) A (umol m-2 s-1)

0 0.004+0.0 0.462+0.11 1.693+0.13
50 0.005%0.0 0.454+0.20 1.507+0.04

100 0.005+0.0 0.469+0.21 1.500+0.33

150 0.004+0.0 0.343£0.06 1.644+0.23

200 0.005+0.0 0.505+0.17 1.526+0.26
P 0.247 0.638 0.472

CV (%) 9.53% 35.91% 14.22%
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Figure 3. Minimum fluorescence (FO), maximum fluorescence (Fm), variation of the potential quantum yield of PSII (Fv/Fm), effective
quantum yield of PSII (®Il) and unregulated energy dissipation quantum yield of PSII (®NO) in soybean seedlings 12 days after sowing in
substrate with bio-input based on Bacillus spp., at concentrations of 0; 50; 100; 150 and 200 pL (A); Variation of the potential quantum
yield of PSII (Fv/Fm) as a function of different doses of bioinput (B). The asterisk indicates significance for p < 0.05 by the t-test; ns:

not significant for p > 0.10.

changes in the evaluated parameters, as the mean values
(+ standard error) remained statistically homogeneous
across all tested concentrations.

3.3. Evaluation of anatomical and histochemical changes
in soybean leaves

Soybean leaves possess an epidermis with rounded
cells, where the cells on the adaxial surface are larger than
those on the abaxial surface. The mesophyll is dorsiventral,
featuring palisade parenchyma composed of two to three
layers of elongated, cylindrical, and juxtaposed cells,
situated beneath the adaxial epidermis (Figure 4A). The
spongy parenchyma, in turn, consists of irregularly shaped
and narrow cells, with intercellular spaces predominantly
located near the abaxial epidermis (Figure 4B). In the leaves
of seedlings grown in a bioinput-containing substrate
(Figure 4B), an increase in intercellular spaces was observed
within the spongy parenchyma cells. Conversely, in the
leaves of control soybeans, a reduction in Xylidine Ponceau
(XP) labeling was noted (Figure 4C), indicating a lower
accumulation of protein compounds when compared to
the leaves of soybeans grown in a substrate with 150 pL
of bioinput (Figure 4D).

3.4. Correlation between the doses applied and the
variables analyzed

Principal component analysis (PCA) of the treatments
and the 14 variables (Figure 5) revealed that PC1 (41.7%)
and PC2 (19.3%) together explained 61% of the total

Braz. ]. Biol., 2026, vol. 86, €302090

accumulated variance. A correlation was observed among
the vegetative development variables: root length (RL),
shoot length (SL), emergence (EM), root dry mass (RDM),
and shoot dry mass (SDM), associated with the potential
quantum yield of PSII (Fv/Fm), transpiration rate (E), and
stomatal conductance (gs), particularly at doses of 100,
150, and 200 pL.

However, no significant relationship was detected
with the variables effective quantum yield (®II),
photosynthetic rate (A), minimum fluorescence (F0),
maximum fluorescence (Fm), and non-regulated energy
dissipation (®NO), which formed an independent axis
from the applied concentrations.

Pearsons correlation analysis (Figure 6) indicates a
strong association between the potential quantum yield
of PSII (Fv/Fm) and the variables emergence (EM), shoot
length (CA), root length (CR), shoot dry mass (MA), and
root dry mass (MR), with coefficients greater than 0.6.
Among these variables, the most positive correlation was
with root length (CR), with a value of 0.84. The variable
emergence (EM) also showed a positive correlation with
shoot length (CA), root length (CR), and root dry mass
(MR), with coefficients greater than 0.9, with the highest
correlation observed with shoot length (CA), with a
value of 0.96. In addition to these correlations, a positive
correlation was also observed with shoot dry mass (MA),
with a value of 0.63. The variable root length (CR), in turn,
showed a strong correlation with root dry mass (MR),
with a value of 0.93.
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Figure 4. Leaf anatomy of soybean seedlings grown in a Bacillus spp. based bioinput at concentrations of 0 and 150 pL. Toluidine blue
staining was performed for structural characterization (A and B). Xylidine staining was performed for protein identification (C and
D). Control seedlings (A and D) and (B and C) grown in a substrate with 150 puL of bioinput. AdEp, adaxial epidermis; AbEp, abaxial
epidermis; PP, palisade parenchyma; SP, spongy parenchyma. Black arrows indicate increased intracellular spaces. Yellow arrows
indicate protein compounds. Scale bar: 100 pm.

PCA - Biplot

Dim2 (19.3%)

4

50 25 00 25
Dim1 (41.7%)

Figure 5. Principal component analysis (PCA) of vigor and physiology variables of soybean seedlings, emergence (EM), shoot length
(CA), root length (CR), shoot dry mass (MA), root dry mass (MR), potential quantum yield of PSII (Fv/Fm), initial fluorescence (F0),
effective quantum yield of PSII (®II), quantum yield of unregulated energy dissipation of PSII (®NO), maximum fluorescence (Fm), for
gas exchange, photosynthetic rate (A), stomatal conductance (gs) and transpiration rate (E) in response to different concentrations of
Bacillus spp. based bioinput in the substrate.
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Figure 6. Pearson matrix of physiological quality data from soybean seedlings, emergence (EM), shoot length (CA), root length (CR),
shoot dry mass (MA), shoot dry mass (MR), image fluorescence data, potential quantum yield of PSII (Fv/Fm), initial fluorescence (FO),
effective quantum yield of PSII (®II), unregulated energy dissipation quantum yield of PSII (®NO), maximum fluorescence (Fm), for
gas exchange, photosynthetic rate (A), stomatal conductance (gs) and transpiration rate (E). In response to different concentrations of

Bacillus spp. based bio-input without substrate.

Regarding negative correlations, they were observed
in the effective quantum yield of PSII (YII) with all
variables, with the highest correlation being with the
photosynthetic rate (A), with a value of -0.57. In addition,
the transpiration rate (E) variable presented the highest
negative correlation of the set, this correlation also being
with the photosynthetic rate (A), with a value of -0.77.

4. Discussion

Doses between 100 and 150 pL provided the highest
values for emergence, shoot length, shoot dry mass, and
root dry mass. For root length, the maximum point was
estimated at 164.5 pL, a dose higher than the optimal
range for the other variables. This enhanced performance
can be attributed to the ability of Bacillus spp. to promote
plant growth (Etesami et al., 2023) by utilizing exudates
released by plant roots (Valencia-Marin et al., 2024),
thereby expanding the root absorption area. Additionally,
the production of phytohormones such as auxins (Valencia-
Marin et al., 2024) further contributes to this process
by promoting cell division and elongation (Cortazar-
Murillo et al., 2023).

Root and shoot dry matter are intrinsically correlated
with plant growth in length (Figures 2A-D). A more
developed root system provides a larger absorption area,
consequently enhancing the capacity to acquire nutrients
and water (Walne and Reddy, 2022). These resources are
transported via xylem to the shoot, where they serve as
substrates for the synthesis of new tissues (Taiz et al., 2017).

Braz. ]. Biol., 2026, vol. 86, €302090

This process results in increased total biomass, thereby
contributing to overall plant growth.

In studies conducted by Xu et al. (2022) under controlled
cultivation conditions, the bacterium B. aryabhattai
significantly increased the dry mass of Arabidopsis plants by
135% compared to the control. In Cicer arietinum (chickpea),
even under biotic stress caused by a pathogenic fungus, B.
thuringiensis strains inhibited fungal activity and increased
root biomass (Fatima et al., 2023). Similarly, in Zea mays
(corn) grown in nutrient-deficient soil, three Bacillus species
significantly enhanced total plant biomass, as well as root
and shoot length (Sousa et al., 2021).

The potential quantum yield of PSII (Fv/Fm) is an
indicator of the plant protection system. Values close to
0.83 are considered ideal for most plant species (Bjorkman
and Demmig, 1987), reflecting a functional PSII without
oxidative damage. In this study, treatments with bio-inputs
showed values close to the ideal, reaching a maximum at
the estimated dose of 132.07 pL, with a peak of 0.77. This
result demonstrates that inoculation with Bacillus spp.
did not cause any detriment or negative alteration in the
photosynthetic machinery of the seedlings. Similar positive
results, although obtained under stress, were elucidated
by Al-Shammari et al. (2024), in which Fv/Fm values were
higher in soybean plants cultivated with Bacillus under
water stress conditions. For Olea europaea (Olive) plants
subjected to drought and salinity stress, the same result
was achieved, with the plants treated with the bacteria
reaching optimal values and the control remaining with
low values (Galicia-Campos et al., 2023), showing that
Bacillus spp. is capable of protecting PSII.
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In contrast to the bioinput’s effect on PSII yield, no
statistical differences were observed between doses for
the other fluorescence variables (®II, ®NO, FO, Fm) and
gas exchange parameters (A, gs, E). This indicates that
the bioinput did not directly influence photosynthetic
efficiency or stomatal regulation. These results suggest
that the seedlings may have allocated resources toward
initial development, such as root establishment, leading
to reduced investment in the photosynthetic system at
this stage.

Thus, it is evident that the bioinput acted preferentially
to protect PSII, without altering photosynthesis in
developing leaves. This pattern is consistent with
immature leaves, which have limited photosynthetic
and photorespiration rates (Yang et al., 2019). The
preferential allocation of resources to root development
is evidenced by the increase in root length (Figure 2B),
which may explain the stability in gas exchange, given
that established seedlings can prioritize nutrient uptake
(Cabeza et al., 2024).

Bacillus spp. can stimulate increased accumulation
of molecules in leaf tissues, leading to anatomical
modifications. In the present study, alterations in the
spongy parenchyma structure were observed, characterized
by enlarged intercellular spaces (Figures 4A and 4B). This
was accompanied by increased xylidine-stained area
(Figures 4C and 4D), suggesting greater accumulation of
protein compounds. These effects may be mediated by
the ability of Bacillus spp. to synthesize phytohormones,
enzymes, and secondary metabolites (Poveda and
Gonzalez-Andrés, 2021), resulting in modulation of the
leaf anatomical arrangement.

These findings align with Yarullina et al. (2022), who
reported that a B. subtilis strain, in combination with
salicylic and jasmonic hormones, increased the abundance
of 14 stress response-related proteins in Solanum tuberosum
(potato) leaves. Proteins play a crucial role in plant growth
(Taiz et al., 2017), being continuously synthesized and
secreted during this stage, while the cell wall expands
and prepares for cell division.

The multivariate grouping of vigor variables CA,
CR, EM, MA, and MR with Fv/Fm (Figure 5), along with
the positive correlations among these parameters
(Figure 6), indicates that the bioinput enhanced both
photochemical efficiency and vegetative growth. These
results are consistent with Ozfidan-Konakci et al. (2023),
who demonstrated that B. pumilus improved growth and
increased the potential quantum yield of PSII (Fv/Fm)
in Triticum aestivum (wheat) plants under combined
saline and arsenic stress.

5. Conclusion

Based on the results, using a substrate inoculated with
a Bacillus spp. based bioinput can improve the vigor of
soybean seedlings. This was observed through enhanced
emergence, greater length, and increased dry mass. These
results were more evident at concentrations between
100 and 150 pL. However, further studies are needed to
confirm these effects under real-world field conditions.
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