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Abstract: Nitrogen is an essential nutrient for the soybean cultivation, which can be fully supplied by
the biological nitrogen fixation process. This study evaluated the effectiveness of pre-inoculation of
soybean seeds with the inoculant Biofix Protec (Bradyrhizobium diazoefficiens SEMIA 5080 and
Bradyrhizobium japonicum SEMIA 5079, 5x10° UFC/mL), accompanied by cell protector and chemical
treatment. Four trials were done in Brazilian states during the soybean harvest 2021/2022, following
a randomized complete block design with six replications. The cultivars used were TMG 7067 IPRO
Inox, BRS 245 RR, N 7780 PRO, and Extrema IPRO, chosen according to the characteristics of each
region. The treatments were: T1- Control, without inoculation; T2- Fertilization with 200 kg/ha of
nitrogen; T3- Inoculation with commercial inoculant (50 mL/50 kg of seeds) on the day of sowing; T4-
Biofix Protec (100 mL/50 kg of seeds), cell protector (0.5 mL/kg), Potenzial TS (0.2 mL/kg) and CoMo
Platinum (100 mL/ha), all applied 15 days before planting. The results indicated that the application
of Biofix Protec 15 days before planting increased the nodulation of the main root and the dry mass
of nodules. The pre-inoculation of Biofix Protect, with protective agents and chemical treatments,
demonstrated comparable efficacy to the inoculation carried out at the time of sowing and increase
in yield between 4.8-11%, compared to the control, being statistically equivalent or superior to the
commercial inoculant available in the market, applied on the day of sowing. The use of Biofix Protec
favored nodulation and enhanced productivity, being recommended for the treatment of soybean

seeds in agricultural production systems.

Keywords: Pre-sowing; Rhizobia; Glycine max; symbiosis; Nitrogen fixation; Crop yield.

Abbreviations: CFU_colony-forming unit, BNF_biological nitrogen fixation, N_nitrogen, NNMR_number of nodules on the main
root, DMNMR_dry mass of nodules on the main root, FMS_fresh mass of shoots, DMS_dry mass of shoots, GY_grain yield, WTG_
weight of a thousand grains, ATP_adenosine triphosphate, NADPH_reduced nicotinamide adenine dinucleotide phosphate,
FCI_Falker chlorophyll index, TGW_thousand grain weight, PNG_percentage of nitrogen in grains.

Introduction

In Brazil, sowing soybeans (Glycine max (L) Merrill) is
recommended without nitrogen fertilizers, owing to its
biological nitrogen fixation (BNF) character, reducing
production costs and increasing grain production (Hungria et
al., 2007). Nitrogen (N) is essential for soybeans, needing
approximately 80 kg of N to produce 1000 kg of grain
(Kaschuk et al., 2016). N sources are nitrogen fertilizers and
atmospheric N, available through BNF (Hungria et al., 2001).
BNF involves a symbiosis between legumes like soybeans
and nitrogen-fixing rhizobia bacteria (Alves et al., 2003;
Sprent et al., 2017). Efficient strains must establish in plant
roots for maximum BNF (Bender et al.,, 2022). Factors
influencing plant-rhizobia symbiosis include strain, inoculant
dose, co-inoculation, seed treatments, fertilization, and
environmental conditions (Obserson et al., 2007; Anghinoni
et al., 2017; Hungria et al., 2007; Campo et al., 2009; Zilli et
al., 2010).

Some  Bradyrhizobium  strains, like  Bradyrhizobium
diazoefficiens (formerly B. japonicum) (Delamuta et al.,
2013), are highly efficient and studied. B. diazoefficiens also
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forms nodules on other plants like mung bean and siratro
(Sprent et al., 2017; Piromyou et al., 2021).

Inoculating seeds before marketing or sowing (pre-
inoculation) has been practiced for decades for crops like
soybeans (Deaker et al., 2004; Herridge, 2008; Santos et al.,
2019). This provides uniform seed treatment and operational
efficiency for large-scale soybean cultivation (Hungria et al.,
2020). However, success depends on the survival of bacterial
on seeds and storage conditions (Date, 2001).

Soybean seed treatment with fungicides is common to
prevent phytopathogens, with 90% of Brazilian soybean
seeds treated chemically (Peske and Levien, 2005). However,
fungicides can reduce Bradyrhizobium populations on seeds
due to active ingredients and solvents (Campo et al., 2009).
This can lead to fewer and smaller nodules, though some
fungicides do not significantly affect nodulation (Andrés et
al., 1998; Bikrol et al., 2005).

Using a cell protector in seed treatment can protect bacteria
and extend their survival from treatment to planting.



Table 1. Number of nodules on the main root (NNMR), dry mass of nodules on the main root (DMNMR), fresh and dry mass of
shoots (FMS and DMS), Falker chlorophyll index (FCl) in the four regions evaluated during 2021/2022 harvest.

N°  Treatments NNMR* DMNMR' mg
1 Control 22.17 ab 61.22
2 N200 15.06 b 32.06
3 Commercial inoculant 26.28 a 66.78
4 Biofix Protec 23.61 a 64.83
CV. (%)’ 35.76 12.15
ITAPIRA-SP
N°  Treatments NNMR! DMNMR' mg
1 Control 6.42 a 97.72
2 N200 5.83 ab 54.56
3 Commercial inoculant 5.75 ab 171.67
4 Biofix Protec 5.18 b 170.72
CV. (%)’ 18.44 13.74
ARAGUARI-MG
N°  Treatments NNMR* DMNMR' mg
1 Control 11.61 d 58.24
2 N200 27.28 C 98.72
3 Commercial inoculant 77.39 a 288.00
4 Biofix Protec 69.72 b 272.06
CV. (%) 15.33 5.46
CATALAO-GO
N°  Treatments NNMR* DMNMR' mg
1 Control 6.83 d 99.54
2 N200 21.67 [ 128.04
3 Commercial inoculant 43.06 b 192.67
4 Biofix Protec 48.17 a 192.47
CV. (%) 11.93 6.13

FMS' g DMS' g Fcrt
A 29.40 b 518 b  437.97
B 33.39 a 642 a  489.93
A 29.78 b 575 ab 476.57
A 32.59 a 58 ab 476.10
7.68 18.44 7.95
FMS' g DMS' g Fart
b 26.85 b 615 b  427.30
c 32.82 a 777 a 49570
A 31.75 a 761 a 50020
A 31.22 a 747 a 49337
10.25 6.66 6.52
FMs' g DMS' g Frt
d 49.41 b 1077 a  410.87
c 56.80 a 1188 a 46827
A 54.80 a 1132 a  454.73
b 53.41 ab 1110 a  448.13
9.25 10.69 6.36
FMs' g DMS' g Fcit
c 54.63 b 1075 ¢  297.53
b 61.00 a 1395 a 32810
A 58.15 a 1287 ab 31517
A 59.94 a 1218 b  321.60
4.74 9.33 4.88

Means followed by the same letter in the column do not differ from each other using the Duncan test at 10% probability.

Coefficient of variation in percentage.

Experiments in Brazil showed soybeans could be inoculated
up to five days before sowing (Campo and Hungria, 2007),
and with a protectant, it may be extended up to 30 (Araujo
et al., 2017) or 60 days (Machineski et al., 2018).

Araujo et al. (2017) demonstrated that pre-treatment with
inoculant, selected fungicides, and insecticide was viable
when combined with a microbial protectant, allowing
inoculation days before planting. Seed producers are
adopting industrial seed treatment, offering pre-treated
seeds with insecticides, fungicides, micronutrients, and
Bradyrhizobium, streamlining the sowing process (Brzezinski
et al.,, 2015).

Results

Symbiotic efficiency

The effectiveness of treatments based on the number of
nodules on the main root (NNMR), dry mass of nodules on
the main root (DMNR), fresh and dry mass of the shoot (FMS
and DMS), and the Falker chlorophyll index (FCl) in four
regions (Table 1).

In Palmeira-PR, Biofix Protec (T4) applied 15 days before
planting resulted in 23.61 nodules and 64.83 mg in the main
root, statistically superior to nitrogen fertilization (T2) and
similar to the market inoculant (T3) and control (T1). T4
significantly differed from T1 and T3 in FMS, but was equal to
T2. No significant variations were observed in DMS and FCI
for T4 compared to other treatments.

In Araguari-MG, the commercial product (T3) had higher
averages of 77.39 nodules and 288.0 mg DMNR compared to
other treatments. Biofix Protec (T4) also showed significant

435

increases compared to T2 and T1. FMS did not significantly
vary among T4, T3, and T2, but T3 and T2 differed from T1.
No significant differences were observed in DMAP and FCI
among T4, T3, and T2, but they were superior to T1.

In Cataldo-GO, Biofix Protec (T4) increased nodulation, with
48.17 nodules on the main root, statistically higher than
other treatments. Both T4 and T3 significantly differed from
T1 and T2 in DMNR. FMS and FCI were statistically equal for
T3, T4, and T2, but differed from T1. DMS showed statistical
differences for T3 and T4 compared to T1, but T4 did not
differ from T3. Productivity results, relative gain, thousand
grain weight (TGW), nitrogen content, and total N content in
grains are shown in Table 2. In Palmeira-PR, Biofix Protec (T4)
resulted in 3546.13 kg.ha'l, an 8.5% vyield gain, statistically
superior to Tl and T3 but not different from T2. No
significant differences were found in TGW, with N content
ranging from 5.43% to 5.71%.

In Itapira-SP, Biofix Protec (T4) and the commercial product
(T3) were equal, with gains of 11% and 12%, respectively,
significantly differing from T2 and T1. TGW varied from
130.53 to 136.47 grams, with Biofix Protec (T4) resulting in
5.48% N in grains and 212.51 kg.ha'1 of total N, significantly
different from other treatments.

In Araguari-MG, the inoculated treatments (T3 and T4)
achieved a 7% production gain over T1, with no statistical
differences between pre-inoculated (T4) and inoculation at
sowing (T3), or T2, which showed a 6% yield gain. No
significant differences in TGW were observed. N content in
grains varied from 5.40% to 5.53%, with T3, T4, and T2 equal
to each other but higher than T1.
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Table 2. Product factors (productivity and weight of a thousand grains — TGW), relative production gain in percentage, percentage of
nitrogen in grains and total nitrogen content in the different regions evaluated during 2021/2022 agricultural year.

Treatments Productivity kg/ha Relative gain
Control 3267.28 ¢ 0.0

N200 3561.31 a 9.0
Commercial inoculant 3462.39 b 6.0
BiofixProtec 3546.13 a 85

CV. (%) 1.89

ITAPIRA-SP

Treatments Produtivity kg/ha Relative gain
Control 3493.23 c O

N200 3699.70 b 6
Commercial inoculant 3913.12 a 12
BiofixProtec 3877.88 a 11

CV. (%) 1.49

ARAGUARI-MG

Treatments Produtivity kg/ha Relative gain
Control 3915.00 b 0

N200 4139.83 a 6
Commercial inoculant 4205.75 a 7
BiofixProtec 4185.45 a 7

CV. (%) 1.69

CATALAO-GO

Treatments Produtivity kg/ha Relative gain
Witness 4147.60 b 0.0

N200 4349.22 a 49
Commercial inoculant 4345.26 a 438
BiofixProtec 4347.93 a 48

CV. (%) 3.37

TGW g Nitrogen (B.U) % Total N in grains kg/ha
180.29 a 5.57 181.99 c
183.23 a 5.43 193.38

181.20 a 5.71 197.70

184.14 a 5.55 196.81 ab
2.26 1.89

TGW g Nitrogen (B.U) % Total N in grains kg/ha
130.53 b 5.65 197.35 d
131.05 b 5.56 205.68 c
136.47 a 5.34 208.95 b
13489 ab 5.48 212.51 a
3.30 1.50

TGW g Nitrogen (B.U) % Total N in grains kg/ha
153.55 a 5.53 216.50 b
15545 a 5.51 228.11 a
15541 a 5.40 227.11 a
155.78 a 5.52 231.04 a
1.84 1.69

TGW g Nitrogen (B.U) % Total N in grains kg/ha
172.68 a 5.36 222.31 b
175.87 a 5.43 236.16 a
176.20 a 5.49 238.56 a
173.96 a 5.33 231.75 a
2.31 3.37

1. Means followed by the same letter in the column do not differ from each other using the Duncan test at 10% probability.

2. Variation coefficient in percentage.

In Cataldo-GO, productivity was equal for T4, T3, and T2,
with gains of 4.8% to 4.9%, higher than T1. All treatments
were equal in TGW, but T3, T4, and T2 showed significant
differences in total N content compared to T1, with averages
ranging from 231.75 to 238.56 kg.ha_l.

Discussion

In the four different edaphoclimatic regions, nodule
formation on main roots varied by location. Initial rhizobia
population assessments in Palmeira-PR and Itapira-SP
influenced nodulation in control treatments (T1) (without
inoculation). Inoculation is crucial in first-year soybean fields
or recently uncultivated legumes due to low N,-fixing
bacteria. Even in well-cultivated areas, inoculation via seeds
or sowing furrow remains beneficial, with an average annual
yield increase of 8% from Bradyrhizobium inoculation
(Hungria et al., 2007).

In Brazil, re-inoculation increased soybean yield even in soils
with high Bradyrhizobium cell counts, as shown in Cerrados
and Parana experiments (Vargas et al., 1994). In Araguari-MG
and Cataldo-GO, no rhizobia were found despite a history of
soybean rotation. T1 (control without inoculation) showed
less nodulation and lower dry mass, while seed inoculation
treatments showed efficient nodulation.

Based on this context, in Palmeira-PR the treatment with
Biofix Protec (T4) was significantly equal to the commercial
product inoculated on the day of sowing (T3) and statistically
superior to the nitrogen treatment (T2). The same was
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observed in Itapira-SP, where the average number of nodules
did not show significant variations with the use of Biofix
Protec (T4) compared to the commercial product (T3).

In the Araguari-MG region, the number of nodules for Biofix
Protec (T4) was lower than the commercial product (T3),
while, statistically higher than T2 and T1. In Cataldo-GO, the
results for Biofix Protec in pre-inoculation (T4) were highly
efficient, significantly differentiating from the other
treatments used. These results directly reflected the final
yield of the crop, as according to Camara (2000), soybean
plants with a large number of nodules at flowering present
sufficient conditions to obtain high levels of fixed nitrogen
and, consequently, high grain yield.

In Palmeira-PR, Araguari-MG, and Cataldo-GO, nodule
numbers aligned with the literature: 4-8 nodules per plant
10-15 days after emergence and 15-30 nodules at flowering
(Vargas and Hungria, 1997). Ribeiro Neto et al. (2018) also
found that inoculants and bacterial protective additives with
early inoculation led to 27% more nodules on the main root
at 45 days compared to non-inoculated controls.

In Itapira-SP, the average number of nodules was lower than
that found in other trials. However, the application of Biofix
Protec (T4) did not statistically differ from the commercial
product (T3). It is known that crop nodulation may vary
according to soil pH, vegetative stage and environmental
conditions in which the plants are located. According to Silva
et al. (2002), to have an efficient development of bacteria,
the soil must have a pH of 6.5, with the soil pH in Itapira-SP
being around 5.8.



Table 3. Description of biological products, additives, protectors and fertilizer, classes, active ingredients and doses used in soybean

cultivation.

Commercial
inoculant

Inoculant (Control)

Biofix Protec Inoculant (evaluated)

Potenzial TS Mixed mineral fertilizer
Protetor Protec Polyvinyl adhesive
Maxim XL Fungicide

Cruiser 350 FS Insecticide

CoMo Platinum* Liquid fertilizer
1. Foliar fertilizer applied at V3/V4 stage.

In general, in all studied places, the Biofix Protec inoculant
(T4) showed potential for use in soybean crops in pre-
treatment up to 15 days before sowing, where it directly
influenced the nodulation of the crop.

Nodule mass, a key factor for BNF, was statistically higher in
inoculated treatments (T3 and T4) compared to the nitrogen
treatment (T2) across all regions. In Itapira-SP, Araguari-MG,
and Cataldao-GO, nodule mass was also higher than in the
absence of inoculation (T1). This aligns with Doébereiner
(1966), that identified nodule mass as a key indicator of
effective symbiosis. Hungria et al. (2001) reported that plants
with 15-30 nodules must have a nodule mass of 100-200 mg
at flowering to meet nitrogen demands and achieve high
productivity.

Soybeans obtain nitrogen from fertilizers and atmospheric N
via biological nitrogen fixation (BNF) (Hungria et al., 2007;
Hungria et al., 2015). In Brazil, due to BNF's efficiency,
inoculating seeds with Bradyrhizobium bacteria eliminates
the need for nitrogen fertilizers (Hungria et al., 2017).
Nitrogen application (T2) significantly reduced the number
and mass of taproot nodules in all studied regions. Similar
results have been observed by other authors, showing that
nitrogen fertilization in legumes adversely affects BNF by
decreasing nodular respiration and limiting carbohydrates in
nodule metabolism (Silva et al., 2011).

According to Hungria et al. (2001), it is not necessary to carry
out this fertilization method for the crop, as long as it has
been inoculated with bacteria that favor BNF. Hungria et al.
(2007), investigated the effect of different types of
inoculation on soybean crops, and showed that inoculation
alone presents more satisfactory results when combined
with fertilization with nitrogen fertilizers. According to Fagan
et al. (2007), soybean plants subjected to nitrogen
fertilization have a significant reduction in the development
of nodules, as regards the data from this study.

The chlorophyll content in Biofix Protec pre-inoculated
treatments (T4) showed no significant differences compared
to the commercial product (T3) and nitrogen fertilization (T2)
across all regions evaluated. However, it was higher than the
control (T1) in Itapira-SP, Araguari-MG, and Cataldo-GO.
Chlorophyll content is crucial for assessing plant nutrition
and can serve as an indicator for nitrogen levels in crops
(Argenta et al., 2001).

The importance of plant nodulation is emphasized by
Vollmann et al. (2011), which showed a high relationship
with increased chlorophyll content in leaves, where there is
usually a correlation between chlorophyll and nitrogen
content in plants (Argenta et al., 2001). Pereira et al. (2010)
pointed out that this assessment is valid to attest agronomic
efficiency of diazotrophic bacteria. In Palmeira-PR, Biofix

B. japonicum (Semia 5079 and 5080) 5x10" 1.0 mLkg™
CFU.mL™

B. diazoefficiens (Semia 5080) and B. 2.0mL.kg™
japonicum (Semia 5079)

5.10° CFU.mL*

Mo 3.8% 0.4 mL.kg™
- 0.5 mL.kg™
Metalaxil-M 10 g.L™ + Fludioxonil 25 g.L™* 1.0 mL.kg™
Tiametoxan 350 g.L'* 2.0mL.kg™
- 100 mL.ha™
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Protec (T4) significantly differed from the commercial
product (T3) in fresh aerial mass. In Itapira-SP and Cataldo-
GO, T4 increased both fresh and dry aerial mass compared to
the control (T1), similar to T2. Li and Alexander (1988)
observed a 23% increase using B. japonicum treatment
compared to the control.

For grain productivity, all inoculated treatments (T3 and T4)
and nitrogen treatment (T2) significantly outperformed the
control (T1), with yield increases ranging from 4.8% to
12.0%. In Palmeira-PR, pre-sowing Biofix Protec (T4)
application resulted in 3546.13 kg.ha’l, an 8.5% yield gain
compared to the commercial product (T3). Hungria et al.
(2007) also reported an 8% productivity increase with
Bradyrhizobium-inoculated soybean seeds, offering a
favorable return on inoculation costs.

In other regions, Biofix Protec (T4) showed comparable
productivity to the commercial product (T3). However, in
Itapira-SP, T4 significantly outperformed the nitrogen
treatment (T2) by approximately 5% in crop yield. Several
studies demonstrated that inoculation can achieve high
soybean yields, potentially reducing or eliminating the need
for nitrogen fertilizers (Hungria et al., 2007; Manchineski et
al., 2018).

The thousand grain weight (TGW) is crucial in soybean yield.
However, no significant differences were observed among
treatments in the trial across four regions. Toni et al. (2018)
also reported no statistical differences in TGW among
soybean varieties inoculated with  Bradyrhizobium
japonicum.

Nitrogen content in grains influences their physiological and
nutritional quality. In Palmeira-PR, Biofix Protec pre-
inoculation (T4) significantly increased grain nitrogen content
compared to the control (T1), though results did not differ
from other treatments. In Itapira-SP, T4 showed statistically
superior nitrogen accumulation in grains compared to other
treatments. In Araguari-MG and Cataldo-GO, T2, T3, and T4
showed no significant differences among them but were all
superior to T1.

Inoculation with Bradyrhizobium species has economic and
environmental benefits but involves labor and time for
sowing-day inoculation (Hungria et al., 2017). Pre-
inoculation or early inoculation of Bradyrhizobium strains is
recommended to mitigate the challenges, since the
industrial seed treatments do not compromise inoculant
viability. Few studies have evaluated the association of pre-
inoculation with industrial seed treatments (Anghinoni et al.,
2017; Manchineski et al., 2018). Further research is needed
to determine the optimal pre-sowing period that maintains
bacterial viability, plant nodulation, and soybean productivity
(Pereira et al., 2010; Zilli et al., 2010).



Table 4. Cultural treatments in each experimental region. 2021/2022 growing season.

Palmeira-PR  12/02/2  12/17 05/17/ TMG7067 311.111
021 /2021 2022 IPRO Inox

Itapira - SP 02/07/2 02/21 06/02/  BRS245 280.000
022 /2022 2022 RR

Araguari - 02/09/2  02/24 06/17/ N7780 300.000

MG 022 /2022 2022 PRO

Catalio-GO  01/25/2 02/09 06/14/  Extrema 300.000
022 /2022 2022 IPRO

The use of seed protectors is also crucial for the success of
pre-inoculation, as they ensure the survival of cells for a
longer period in seeds treated with insecticides and/or
fungicides (Silva et al., 2018).

The results from Biofix Protec inoculation 15 days before
sowing in the four regions align with previous trials. Studies
by Zilli et al. (2010) found that pre-inoculation did not affect
analyzed parameters for up to five days, while others
extended this period to 30 days with a protectant (Araujo et
al.,, 2017) and up to 60 days with additional treatments
(Manchineski et al., 2018). Silva et al. (2018) demonstrated
that pre-inoculating soybean seeds with fungicides and
insecticides 10 days before sowing enhanced nodulation,
plant development, and grain productivity comparably to
standard inoculants.

Pereira et al. (2010), treated soybean seeds with
carbendazim+thiram or thiabendazole+thiram fungicides,
with or without polymer, and did find any effect on nodule
establishment and development, when seeds were
inoculated with Bradyrhizobium.

Similarly, Manchineski et al. (2018) found that pre-inoculated
soybean seeds with a cell protectant maintained viable
bacterial inoculant for up to 60 days without negatively
impacting soybean productivity. Hungria et al. (2020) also
demonstrated  that liquid inoculants  containing
Bradyrhizobium, applied 15 days before sowing, effectively
enhanced Biological Nitrogen Fixation (BNF) and improved
grain productivity.

Manchineski et al. (2022) found that treating soybean seeds
with Standak Top or Maxim XL+Cruiser and pre-inoculating
them with liquid Bradyrhizobium inoculant 25-30 days before
sowing did not reduce nodulation, biological nitrogen
fixation, or productivity compared to standard inoculation
across most study areas. Anghinoni et al. (2017) also
discovered that soybean seeds treated with the fungicide
fludioxonil and the insecticide thiamethoxam can be
inoculated and stored up to 10 days before sowing without
adversely affecting grain productivity.

Moretti et al. (2018) demonstrated a 27% increase in grain
yield with seed inoculation compared to uninoculated
controls. Sei et al. (2018), evaluatined soybean seed
inoculation with a commercial biological protector, and
observed statistically higher productivity compared to
control treatments and standard inoculation (without
protector), with increases of 32% and 15%, respectively.

Materials and methods
Product description and doses

The products used in field tests are described in Table 3.
Nitrogen fertilization was carried out in T2, consisting of the
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Source Doses (kg.ha™)

Wheat Yes Amino acids 450 + 60
+ 00-00-60

- Yes 00-00-60 + 46.6 + 106
00-46-00

- Yes 00-00-60 + 46.6 + 106
00-46-00

- Yes 00-00-60 + 46.6 + 106
00-46-00

application of urea (46-00-00) in sufficient quantity to offset
the recommendation of 200 kg.ha'1 of nitrogen, applied in
two stages: 50% at planting and 50% in R1, in the Itapira-SP,
Araguari-MG and Cataldo-GO trials, and for the Palmeira-PR
trial the second application was carried out 35 days after
emergence.

The inoculation of T3 consisted of the application of a
commercial inoculant available on the market, formulated
with the bacteria Bradyrhizobium japonicum strains 5079
and 5080, following the technical recommendation on the
label.

The inoculant tested in T4, Biofix Protec, is a liquid inoculant
made of the bacteria Bradyrhizobium diazoefficiens - SEMIA
5080 and Bradyrhizobium japonicum - SEMIA 5079, at a final
concentration of 5x10° UFC/mL.

Field test methodology

During the 2021/2022 agricultural harvest, trials were
installed in four municipalities representing soybean
cultivation in the central-west, southeast and south regions
of Brazil (described in Supplementary Material). The trials
were conducted in different edaphoclimatic regions to assess
the product's effectiveness across varying soil types and
climatic conditions. In Palmeira, PR, the soil was Alitic Haplic
Cambisol with silty clay loam texture, under a Cfb climatic
classification. Itapira, SP, featured Dystrophic Red-Yellow
Latosol with clay texture, classified as Cfa. Araguari, MG, had
Dystrophic Red Latosol with sandy clay texture, categorized
as Aw. Cataldo, GO, had Dystrophic Haplic Cambisol with
loamy sand texture, also classified as Aw. The trials were
conducted in different edaphoclimatic regions to evaluate
the efficiency of the product across varying soil types and
climatic characteristics.

The design used was randomized complete block design,
with 6 replications. The distribution of test locations can be
found in Figure 1. The size of the experimental field was 24.8
m? (5 lines x 11 meters) with a useful area of 12.2 m? (3 lines
x 9 meters). The initial rhizobia concentration in the soil was
determined using the analytical method approved by
Normative Instruction DAS/MAP 30/2010 of 11/12/2010,
published in the D.O.U. of 11/17/2010. It consists of
inoculating serial dilutions of the samples, in specific test
plants (soybeans), grown under aseptic conditions,
evaluating the formation of nodules (NMP Technique — Most
Probable Number).

The management and fertilization used in soybean
cultivation during the trials was carried out in order to meet
the cultivation needs for each region (Table 4). Other cultural
treatments, such as applications of herbicides, fungicides
and insecticides, were carried out according to the needs of
the crop (Seixas et al., 2020).



Table 5. Description of each treatment performed on soybean seeds. 2021/2022 growing season.

Evaluated Inoculant Additive Chemical Pre-treatment Base fertilization
treatments protectors1 treatment’ EVS (kg.ha'l)
Treatment 1 - - Yes - -

Treatment 2 - - Yes - 200

Treatment 3 Commercial inoculant  No Yes 0 -

Treatment 4 Biofix Protec Yes Yes 15 -

1- Protectors, additives and fertilizers: Mixed mineral fertilizer Potenzial TS and Ultra protector.

2- The chemical treatments: Fungicide Maxin XL, and Insecticide Cruiser 350 FS (Table 3).
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Figure 1: Distribution of testing regions (Venancio et al., 2024).

Treatments

Each trial was carried out with 4 treatments, in the following
format:

Treatment 1: Control (no inoculation was carried out, nor
nitrogen application);

Treatment 2: Fertilization with 200 kg.ha'1 of nitrogen, from
which 50% was applied at planting and 50% was applied at
flowering;

Treatment 3: Commercial seed inoculation (50 mL/50 kg of
seeds), formulated with the bacteria Bradyrhizobium
japonicum strains SEMIA 5079 and 5080, at concentration of
5x10° CFU mL'l, following the technical recommendation on
the label, applied on the sowing day;

Treatment 4: Seed inoculation with Biofix Protec (100 mL/50
kg of seeds), a liquid inoculant made of the bacteria
Bradyrhizobium  japonicum - SEMIA 5079 and
Bradyrhizobium diazoefficiens — SEMIA 5080, at a final
concentration of 5x10° CFU mL'l, combined with the
following products: cell protector Protec (0.5 mL/kg),
Potenzial TS (0.2 mL/kg), and CoMo Platinum (100 mL/ha),
applied 15 days before planting.

A description of treatments is also presented in Table 5.

In T4, Protetor Protec and Potenzial TS mixed mineral
fertilizer were also used, treated according to the stipulated
pre-treatment time of 15 days, so that the planting of all test
treatments occurred within the schedule of each region
tested. The volume of syrup did not exceed the
recommended 300 mL/50 kg of seeds.

49°15',000'W
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After treatment and complete drying, the seeds were placed
in a paper container, stored in a dry place, protected from
light, with temperatures between 20 and 24 °C and air
humidity below 70%.

Evaluated characters and statistical analysis

Five plants with intact roots were collected from the central
area of each plot, immediately before flowering (30 to 40
days after emergence), being evaluated the number of
nodules on the main root per plant (NNMR), the dry mass of
nodules in the main root (DMNMR) in milligrams per plant
(mg plant'l), the Falker chlorophyll Index (FCI) for
determining the nitrogen (N) content in the shoots, which
was determined using a Clorofi Log Falker Chlorophyll Meter,
model CFL1030, in 10 leaves of each replicate.

The plants collected were weighed in order to determine the
fresh mass of shoots (FMS) and after that, they were dried in
an oven at 65 29C, until they reached constant weight for
determination of the dry mass of shoots (DMS). The data
was expressed in grams per plant. Grain yield (GY) was
expressed in Kg ha™, and the weight of a thousand grains
(WTG) in grams, with data corrected to 13% moisture. The N
content in the grains was evaluated by the ABC Foundation
laboratory, which used the proposed method by Dumas
(AOAC, 2005).

The initial soil concentration of rhizobia was determined by
the analytical method approved by the Normative
Instruction N230/2010 of 12/11/2010 (BRAZIL, Ministry of



Agriculture, Livestock, and Supply of Brazil). It consists of
inoculation of serial dilutions, in specific test plants (soybean
plants), grown in aseptic conditions to evaluate the
formation of nodules (MPN Technique — Most Probable
Number).

The results obtained were subjected to analysis of variance
using the F test, and the difference between means, when
significant, was compared using the Duncan test at a 10%
probability level, using the Sasm — Agri software (Canteri et
al., 2001).

Conclusions

The Biofix Protec inoculant pre-inoculated 15 days before
sowing (T4) in the soybean crop, increased nodulation in the
main root and the dry mass of nodules, being, therefore,
statistically equal to or greater than the commercial control
(T3), in addition to contributing to nitrogen fixation,
chlorophyll content, fresh and dry mass of the aerial part,
productivity and nitrogen content in grains in most of the
different soil and climate regions studied. The yield gains in
productivity observed in the treatment with Biofix Protec
(T4) ranged from 4.8% to 11.0% in relation to the control
(T1), being statistically equal or superior to the commercial
standard inoculant (T3), which was inoculated on the day of
sowing. Pre-inoculation of the Biofix Protec inoculant 15
days before sowing, using strains of Bradyrhizobium
diazoefficiens - SEMIA 5080 and Bradyrhizobium japonicum -
SEMIA 5079 and specific formulation, combined with
protective agents and chemical seed treatments, is as
effective as the inoculation carried out at the time of sowing,
as it did not result in a reduction in plant nodulation, as well
as crop productivity. These results confirm the feasibility of
effectively implementing pre-treatment of soybean seeds, in
producing regions, providing benefits in nodulation and
consequently vyield, in current agricultural production
systems.
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