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Abstract: The use of microorganisms in
agricultural production systems has shown
potential for increasing productivity and
optimizing cultivation costs in various
crops. In this context, the present study ai-
med to evaluate the effect of different soil
management practices, associated with the
application of plant growth-promoting mi-
croorganisms (PGPM), on the productivity
of soybeans, beans, rice, wheat, sorghum,
and corn. The experiment was conducted in
the experimental area of UNESP — Ilha Sol-
teira, located in the municipality of Selviria
(MS), in a randomized block design with
seven replicates. The treatments consisted
of three types of management: conventio-
nal management, with seed treatment and
inoculation, mineral fertilization, and che-
mical control of pests, diseases, and weeds
according to the requirements of each crop;
semi-organic management 1, with the
application of half the recommended mi-
neral fertilization, soil remineralizer (Brutal
Reds)organic compost, MPCP (Brutal ™,
and nutrients (Bruta] Cdum” andUlrasaligo i
-organic management 2, similar to the pre-
vious one, but without the use of mineral
fertilization. In semi-organic management,
there was no chemical control of pests and
diseases, with only herbicides being used for
weed management. The evaluations perfor-
med were the grain yield of each crop and
an economic analysis of each management
system. The yield data were submitted to
Tukey’s test at a 5% probability, using SIS-
VAR(? software The results indicated that,
in semi-organic management systems, the
plants presented similar health and agrono-
mic performance to conventional manage-
ment in terms of grain yield. In addition, a
reduction in mineral fertilizer costs was ob-
served. These data highlight the potential

of using microorganisms associated with
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nutritional supplementation as a viable stra-
tegy for promoting more sustainable, eco-
nomically efficient, and highly productive
cropping systems.

Keywords: Soil Remineralizer. Nutrients.
Microorganisms. Plant Growth Promoters.
Sustainability.

Introduction

Intensive agricultural production sys-
tems are generally characterized by mono-
culture or crop succession and the large-sca-
le use of chemical inputs, such as fertilizers.
Given the current scenario of climate change
and environmental degradation, it is essen-
tial to adopt sustainable practices in produc-
tion systems. In this context, conservationist
management systems, such as the No-Till
Farming System (NTES), stand out for pro-
moting benefits to agricultural production
and, simultaneously, to the conservation of
natural resources.

The No-Till Farming System (NTES)
is based on three principles: crop rotation,
minimum tillage, and permanent soil co-
ver. These characteristics allow for impro-
vements in the physical, chemical, and
biological conditions of the soil, resulting
in greater stability and productivity of agri-
cultural systems (Denardin et al., 2012; Ma-
dari, 2018). Crop rotation with legumes, for
example, contributes to the availability of
nitrogen (N) in the soil, due to their ability
to form symbiosis with diazotrophic bacte-
ria, thus reducing the need for nitrogen fer-
tilization (Hungria, 2011).

Grasses, in turn, produce a significant
amount of dry matter per area, characterized
by a high carbon/nitrogen (C/N) ratio and
lignin content, which allows for slow degra-
dation and longer soil coverage, protecting
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it against erosion, moisture loss, and large
temperature fluctuations (Fernandes et al.,
2024). According to Hungria et al. (2007),
maintaining plant residues from different
crops increases the population and diversity
of microorganisms, which decompose this
material, contributing to the increase of or-
ganic matter in the soil.

The increase in organic matter in the
soil is directly associated with microbial
activity. Microorganisms perform essential
functions in agricultural systems, such as the
cycling of carbon (C), nitrogen (N), phos-
phorus (P), and sulfur (S), the immobiliza-
tion of heavy metals, and the degradation
of xenobiotic compounds. Additionally,
they synthesize phytohormones, induce the
production of defense compounds in plants,
and act as biological control agents of phy-
topathogens (Hungria, 2011; Cardoso and
Andreote, 2016). Furthermore, the inocula-
tion of microorganisms is low cost, makjng
it an economically viable technique. Thus,
its use contributes to the sustainability of
production systems.

Given the above, this study aimed
to evaluate the effects of different soil ma-
nagement practices associated with the
application of plant growth-promoting mi-
croorganisms (PGPM) on the chemical cha-
racteristics of the soil and the productivity
of soybeans, beans, rice, wheat, sorghum,
and corn.
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Materials and Methods

The experiments were conducted du-
ring the 2019/20 to 2023/24 agricultural
years in an experimental area irrigated by
a center pivot belonging to the Faculty of
Engineering — UNESDE, Ilha Solteira Cam-
pus, located at approximately 51° 22° west
longitude and 20° 22’ south latitude, at an
altitude of 335 meters. The soil at the site is
classified as dark red LATOSSOLO, epi-eu-
trophic alic, with a clayey texture (EMBRA-
PA, 2018).

The climate, according to the Képpen
classification, is Aw, characterized as humid
tropical with a rainy season in summer and
dry in winter. The average annual rainfall is
1,370 mm, the average annual temperature
is 23.5°C, and the relative humidity is be-
tween 70 and 80% (annual average).

Before the project was implemented,
soil samples were collected from the 0-0.20
m layer for chemical characterization of the
experimental area, according to the method
proposed by Raij et al. (2001). The soil fer-
tility analysis presented the values described
in Table 1.

OM: Organic matter; S-SO4*™: Ex-
tractable sulfur; P: Phosphorus; K: Potas-
sium; Ca: Calcium; Mg: Magnesium; H+AL:
Hydrogen + Aluminum (exchangeable aci-
dity); CTC: Cation exchange capacity; V%:
Base saturation; B: Boron; Cu: Copper; Fe:
Iron; Mn: Manganese; Zn: Zinc. Extraction
methods: P — Resin; B — Hot water; Cu, Fe,
Mn, and Zn — DTPA.

On October 24, 2019, liming was
carried out over the entire area using 1.3 t
h"of dolomitic limestone. Prior to sowing
the first crop (soybeans), there were corn
crop residues, so chemical weed manage-

ment was performed with the application
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of glyphosate herbicide (1560 g "a.i.) was
applied for chemical weed management,
and subsequently, the crop residues were
managed using a mechanical disintegrator
to uniform the straw approximately seven
days before soybean sowing.

The experimental design was randomi-
zed blocks with seven replicates. The plots
consisted of an area 6.30 m wide by 7 m
long, with rows spaced according to the crop,
considering the side rows of the plot and 0.5
m at both ends of each row as borders.

The treatments consisted of a combina-
tion of three management practices, namely:

Conventional management: seed tre-
atment according to the specificity of each
crop; mineral fertilization recommended for
crops, taking into account the chemical cha-
racteristics of the soil ; application of insec-
ticides, fungicides, and herbicides according
to the needs of each crop.

MOMES 1 Management (Sustaina-
ble Organic Minho Fertile Management):
application of 1.5 t ™" of Brutal Rocks'soil
remineralizer , broadcast, before soybean
sowing; application of 2.0 t ™" of Minho
Fertile organic compost broadcast on Mar-
ch 29, 2021; on September 15, 2022 a new
application of 1.7 t ™" *Brutal Rocks(” was
made‘inoculation of seeds with growth-pro-
moting microorganisms contained in Bru-
tal Plus(?200 mL P 40 kg *seeds) + 1/2 of
the mineral fertilizer used in the conven-
tional system + foliar applications of Brutal
(250 mL per hectare” 150 g per hectare
*Brutal <" fertilizer containing 32% cal-
cium and 2% magnesium) and 200 g ha”
*fUltrasal("fertilizer containing 3.5% zinc,
magnesium, and sulfur); foliar applications
of Brutal Plus(” every 10-12 days (totaling,
on average, five to seven applications per

crop).
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P MO pH K Ca Mg H+Al Al CIC V $SO2 B Cu Fe Mn Zn
m m

dfﬁ dng1’3 CaCl, - mmol_dm? - L RE— mg dm? -——---emeee -

25 18 5.0 0.7 19 16 31 1 66.7 54 3 027 1.6 25 11.1 0.6

Table 1. Values of the chemical characteristics of the soil in the experimental area from the 0-0.20 m
layer. Selviria (MS), 2019.

MOMES 2 management: application
of 2.5 t ™ of Brutal Rocks by broadcasting
before soybean sowing; application of 2.0 t
h"of Minho Fértil organic compost by bro-
adcasting on March 29, 2021; on Septem-
ber 15, 2022, a new application of Brutal
Rocks(Pusing 2.5 t""iseed inoculation with
Brutal ™ 200 mL P 40 %™ *seeds) + zero
kg ™" “'mineral fertilizer + foliar applica-
tions of Brutal ™ 250 mL per " )Brutal
Calcio® (150 g ha") andUltrasal” (200 g ha")every 10-
12 days (totaling, on average, five to seven
applications in each crop).

Ten crops were grown in the experi-
mental area involving the first and second
harvests over five years, in the following
sequence:

1. Soybeans

Mechanized sowing of soybeans took
place on December 9, 2019, using the
TMG 7063 IPRO cultivar, with a spacing
of 0.45 m and a density of 16 seeds m(*"In
the conventional system ( ), the seeds were
treated with the fungicide Derosal(’ and
inoculated with Bradyrhizobium japonicum.
In the MOMES 1 and MOMES 2 mana-
gement systems, the seeds were not treated
with fungicide, but only inoculated with

Brutal Plus(? (200 mL 40 kg(*" of seeds).

Mineral fertilization in the seed fur-
rows in the conventional system was 300

kg h*" of the 02-20-20 (NPK) formulation,
calculated according to the chemical charac-
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teristics of the soil, considering the expected
yield of 3.0 to 3.4 t ™" *taking into account
the recommendations of Mascarenhas and
Tanaka (1996). In MOMES 1 and MOM-
ES 2 management, fertilization in the seed
furrow was 150 kg " “fthe 02-20-20 for-
mulation and no fertilization, respectively.
Seedling emergence occurred five days after
sowing.

Weed control was performed post-e-
mergence using herbicides registered for the
crop. In MOMES 1 and 2 management,
100 mL ""of Brutal Plus was added to the
herbicide mixture.

In the Conventional System area, three
applications of insecticides and fungicides
registered for the crop were made to control
pests and diseases. In the areas with MOM-
ES 1 and 2 management, no insecticides or
fungicides were applied.

In MOMES 1 and MOMES 2 mana-

gement, foliar applications of Brutal Plus
(250 mL ha™!) and Ultrasal (200 g ") were
performed on 01/20; February 2; February
13; February 24; March 2; and March 11,
2020. In the applications carried out on
March 2 and March 11, Brutal Calcio (150
g " was also added.
The harvest was carried out on March
26, 2020, in the conventional system area
and on April 2, 2020, in the areas managed
with MOMES 1 and MOMES 2.
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2. Common beans

Mechanized sowing of beans took
place on April 23, 2020, using the BRS Es-
tilo cultivar, with a spacing of 0.45 m and
a density of 12 seeds ™. In the conventio-
nal system, the seeds were treated with the
fungicide Standak Top(’(2 mL *¢"of seeds)
and inoculated with Rhizobium tropici (200
mL "7, In the MOMFS 1 and MOMES 2
treatments, the seeds were not treated with
insecticide and fungicide, but only inocula-
ted with Brutal Plus(’(200 mL 40 kg("of
seeds).

Mineral fertilization in the seed fur-
rows in the conventional system was 250
kg ""of the 08-28-16 (NPK) formulation,
calculated according to the chemical charac-
teristics of the soil, considering the expected
yield of 2.5 to 3.5 t " *taking into account
the recommendations of Ambrosano et al.
(1996). In MOMES 1 and MOMES 2 ma-
nagement, fertilization in the seed furrow
was 136 kg " *fthe 08-28-16 formulation
and no fertilization, respectively. Seedling
emergence occurred five days after sowing.

Weed control was performed post-e-
mergence using herbicides registered for the
crop (Podium EW - 0.7 L " and Flex -
0.85 L' ). In MOMES 1 and 2 manage-
ment, 100 mL ""of Brutal ™'was added to
the herbicide mixture

In the conventional system area, four
applications of insecticides and fungicides
registered for the crop were made to control
pests and diseases. In the MOMES 1 and
2 management areas, only one application
of fungicides (Dithane(” - 1.3 kg ™" + FOX
XPRO - 0.5 L " was used with 100 mL "
of Brutal Plus(’ in the application mixture.
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In MOMES 1 and MOMES 2 ma-
nagement, foliar applications of Brutal
Plus' (250 mL ha'), Ultrasal (200 g ha'),
and Brutal Calcio®” (150 g ha™ were carried
out on May 8, May 19, May 29, June 9,
June 19, June 30, and July 10, 2020.

The harvest was carried out on July 23,
2020, in the conventional system area and
in the areas with MOMES 1 and MOM-
ES 2 management, 87 days after plant
emergence.

3. Rice

Mechanized rice sowing took place on
November 9, 2020 (conventional manage-
ment) and November 11, 2020 (MOMES
1 and MOMES 2 management), using the
BRS A 502 cultivar, with a spacing of 0.35
m and a density of 70 kg " *seeds, aiming
to obtain 180 plants per m(2) In the con-
ventional system, the seeds were treated
with the fungicide Standak Top(® “mL kg(-
D *fseeds). In the MOMFES 1 and MOMFS
2 treatments, the seeds were treated in the
same way as in the conventional treatment
and inoculated with Brutal Plus(’(200 mL
40 kg (! of seeds).

Mineral fertilization in the seed fur-
rows in the conventional system was 200
kg ""of the 08-28-16 (NPK) formulation,
calculated according to the chemical charac-
teristics of the soil, considering the expected
yield of 4.5 to 5.0 t " *taking into accou-
nt the recommendations of Cantarella and
Furlani (1996). In MOMES 1 and MOM-
ES 2 management, fertilization in the seed
furrow was 120 kg " *fthe 08-28-16 for-
mulation and no fertilization, respectively.
Seedling emergence occurred five days after
sowing.
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Weed control was performed pre-e-
mergence with the herbicide pendimethalin
(1,400 g " of active ingredient) and pos-
t-emergence using the herbicide metsulfu-
ron methyl (2.0 g™ of active ingredient).
In MOMES 1 and 2 management, 100 mL
h”of Brutal "*'was added to the herbicide

mixture

In the conventional system area, two
applications of insecticide (thiamethoxam
37.5 g ™" of active ingredient) and fungi-
cide (trifloxystrobin 75 g ™" of active in-
gredient + tebuconazole 150 g ™' of active
ingredient) were made to control pests and
diseases. In the areas managed with MOM-
ES 1 and 2, no insecticide or fungicide was
applied to the aerial parts of the plants.

In MOMEFS 1 and MOMES 2 ma-
nagement, foliar applications of Brutal
Plus (250 mL "), Ultrasal (200 g ™), and
Brutal Calcium® 150 g ha(-1"’were applied
on 09/12; 21/12; 04/01; 12/01; 21/01,
02/02, 15/02 and 22/02/2021.

Harvesting was carried out on Febru-
ary 26, 2021, in the conventional system
area and on March 1, 2021, in the MOMEFES
1 and MOMEFS 2 management areas, 104
days after plant emergence.

4. Wheat

Mechanized sowing of wheat took pla-
ce on April 24, 2021, using the ORS 1403
cultivar with a spacing of 0.17 m and a den-
sity of 65 seeds ™ "(350 plants per ™). In the
conventional system, the seeds were treated
with the fungicide Standak Top(’(2 mL
k" of seeds). In the MOMES 1 and MOM-
FS 2 treatments, the seeds received the same
treatment as in the conventional area and
were inoculated with Brutal Plus(’(200 mL
per 40 kg of seeds) before sowing.
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Mineral fertilization applied by broad-
casting in the conventional system was 250
kg ™" of the 08-28-16 (NPK) formulation,
calculated according to the chemical charac-
teristics of the soil, considering the expected
yield of 3.5 to 5 t ™" *daking into accou-
nt the recommendations of Camargo and
Freitas (1996). In MOMES 1 and MOM-
ES 2 management, broadcast fertilization at
sowing was 125 kg ™' °'the 08-28-16 for-
mulation and no fertilization, respectively.
Seedling emergence occurred five days after
sowing, on April 25, 2021.

Weed control was performed pre-e-
mergence using the herbicide pendime-
thalin (1,400 g " of active ingredient) and
post-emergence using the herbicide metsul-
furon methyl (3.3 g ""of active ingredient).
In MOMES 1 and 2 management, 100 mL
hof Brutal ™ 'was added to the herbicide

mixture

In the conventional system area and in
the areas with MOMES 1 and 2 manage-
ment, only one application of Moddus (etil
trinexapac at a dose of 0.4 L ""of the com-
mercial product) was used on June 1, 2021,
37 days after plant emergence, at the begin-
ning of the elongation phase of the culms.
One hundred mL ""of Brutal "*'was added
to the application mixture in MOMES 1
and MOMES 2 management.

In MOMES 1 and MOMES 2 mana-
gement, foliar applications of Brutal Plus’
(250 mL"™"), Ultrasal (200 g™ ) and Bru-
tal Calcio®” (150 g " were carried out on
May 7, May 18, May 28, June 8, June 18,
and June 30, 2021. Harvesting was carried
out on July 12, 2021, 109 days after plant
emergence.
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5. Soybeans

Mechanized sowing of soybeans took
place on December 14, 2021, using the
TMG 7063 IPRO cultivar, with a spacing
of 0.45 m and a density of 16 seeds m™. In
the conventional system, the seeds were tre-
ated with the fungicide Derosal(’ and ino-
culated with Bradyrhizobium japonicum. In
MOMES 1 and MOMES 2 management,
the seeds were not treated with fungicide,
only inoculated with Brutal Plus(’ (200 mL
40 kg (! of seeds).

Mineral fertilization in the seed fur-
rows in the conventional system was 300
kg ""of the 02-20-20 (NPK) formulation,
calculated according to the chemical charac-
teristics of the soil, considering the expected
yield of 3.0 to 3.4 t ™" ™dtaking into account
the recommendations of Mascarenhas and
Tanaka (1996). In MOMES 1 and MOM-
ES 2 management, fertilization in the seed
furrow was 150 kg " “fthe 02-20-20 for-
mulation and no fertilization, respectively.
Seedling emergence occurred five days after
sowing.

Weed control was performed post-e-
mergence using glyphosate + chlorimuron
ethyl herbicides. In MOMES 1 and 2 ma-
nagement, 100 mL ™ of Brutal ™*'was ad-
ded to the herbicide mixture.

In the conventional system area, two
applications of insecticides and fungicides
registered for the crop were made to control
pests and diseases. In the areas with MOM-
ES 1 and 2 management, no insecticides or
fungicides were applied.

In MOMES 1 and MOMES 2 treat-
ments, foliar applications of Brutal Plus (250
mL ha'), Ultrasal” 200 g ha(-1’) **Brutal
Calcio(” 200 g ha(-1’ 'were carried out on
January 11, January 25, February 6, Febru-
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ary 17, and March 3, 2022. In the appli-
cations carried out on March 2 and March
11, Brutal Calcio(? (150 g ha(*"’was also ad-
ded. The harvest was carried out on April 5,
2022, 107 days after plant emergence.

6. Common Bean

Mechanized sowing of beans took pla-
ce on May 3, 2022, using the IAC 1850 cul-
tivar, with a spacing of 0.45 m and a density
of 12 seeds ™. In the conventional system,
the seeds were treated with the fungicide
Standak Top(’(2 mL *¢"of seeds) and inocu-
lated with Rhizobium tropici (200 mL"". In
the MOMES 1 and MOMES 2 treatments,
the seeds were not treated with insecticide
or fungicide, but only inoculated with Bru-
tal Plus(’(200 mL 40 kg(*Vof seeds).

Mineral fertilization in the seed fur-
rows in the conventional system was 250
kg ™" of the 08-28-16 (NPK) formulation,
calculated according to the chemical charac-
teristics of the soil, considering the expected
yield of 2.5 to 3.5 t " *taking into accou-
nt the recommendations of Wutke et al.
(2022). In MOMES 1 and MOMES 2 ma-
nagement, fertilization in the seed furrow
was 136 kg ™' *fthe 08-28-16 formulation
and no fertilization, respectively. Seedling
emergence occurred six days after sowing.

Weed control was performed post-e-
mergence using herbicides registered for the
crop (Podium EW - 0.7 L " and Flex -
0.85 L ™" ). In MOMES 1 and 2 manage-
ment, 100 mL ™"of Brutal ™ 'was added to
the herbicide mixture

In the conventional system area, four
applications of insecticides and fungicides
registered for the crop were carried out to
control pests and diseases. In the areas with
MOMES 1 and 2 management, no insecti-
cides or fungicides were used.
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In MOMES 1 and MOMES 2 mana-
gement, foliar applications of Brutal Plus’
(250 mL ha ), Ultrasal”® 200 g ha " *Bru-
tal 1”200 g " were performed on May
25, May 30, May 13, June 23, June 30, July
7,and July 18, 2022. Harvesting was carried
out on August 1, 2022, in the conventional
system area and in the areas with MOMES
1 and MOMES 2 management, 85 days af-

ter plant emergence.

7. Grain sorghum

Mechanized sowing of sorghum took
place on October 25, 2022, using the Agro-
men 70G70 cultivar, with 90% germina-
tion, spacing of 0.50 m, and a density of
12 seeds m. In the conventional system,
the seeds were treated with the fungicide
Standak Top(? (2 mL kg(? of seeds). In the
MOMES 1 and MOMES 2 treatments, the
seeds were not treated and, before sowing,
were inoculated only with Brutal Plus(’(200
mL P 40 kg of seeds).

Mineral fertilization applied by broad-
casting in the conventional system was 240
kg ""of the 08-28-16 (NPK) formulation,
calculated according to the chemical cha-
racteristics of the soil, considering the ex-
pected yield of 4 to 6 t " 'and taking into
account the recommendations of Duarte et
al. (2022). In MOMES 1 and MOMES 2
management, sowing fertilization was 122
kg " of the 08-28-16 formulation and no
fertilization, respectively. Seedling emergen-
ce occurred six days after sowing,.

Weed control was performed post-e-
mergence with the herbicide atrazine (3 L
" of p.c.). In MOMES 1 and 2 treatments,

100 mL " of Brutal Plus'was added to the
herbicide mixture.
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Nitrogen fertilization in all treatments
was performed once when the plants had an
average of five fully formed leaves, using 80
kg " of N in the form of urea. After appli-
cation, irrigation was performed with a 12.6
mm water depth to minimize losses due to
volatilization.

In the MOMES 1 and MOMES 2 tre-
atments, foliar applications of Brutal Plus (250
mL "), Ultrasal” 200 g ha” *Brutal <<
200 g " were performed on 11/23, 12/01,
12/14,12/22,01/02,01/12,and 01/22/2022.
The harvest was scheduled to take place in mi-
d-February 2023, but due to a large attack by
maritacas, there were significant losses and it
was decided not to harvest.

On August 11, 2022, new liming was
carried out in the total area involving the
three soil management practices. Two tons
per heetreo £ dolomitic limestone with 80%
PRNT was applied by broadcasting without
incorporation. On October 15, 2022, a new
application of Brutal Rocks("was madewith
1.7 t ha(Yin MOMFS Management 1 and
2.5 t ha(Yin MOMFS Management 2.

8. Second corn crop

In April 2023, the entire area was sca-
rified, involving the three soil management
practices, followed by light harrowing to
break up clods and level the soil. Mecha-
nized corn sowing took place on April 13,
2023, using the AG 7098 cultivar, a simple
hybrid with good resistance to leathoppers
and caterpillars. The spacing was 0.85 m be-
tween rows and a density of 5.4 seeds m ("
The seeds had already been industrially trea-
ted with insecticides and fungicides. In areas
MOMES 1 and MOMES 2, the seeds were
inoculated with Brutal Plus(’(200 mL per
40 kg of seeds) and 6 g of Brutal Calcium(’

Per ke of seeds before sowing,.
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Mineral fertilization in the conventio-
nal system was 250 kg ™" of the 08-28-16
(NPK) formulation, calculated according to
the chemical characteristics of the soil, con-
sidering the expected yield of 6 to 8 ¢ "
and taking into account the recommenda-
tions of Duarte et al. (2022). In MOMES 1
and MOMES 2 management, sowing ferti-
lization was 136 kg ™ 'of the 08-28-16 for-
mulation and no fertilization, respectively.
Seedling emergence occurred five days after
sowing, on April 18, 2023.

Weed control was performed post-e-
mergence with the herbicide atrazine (3 L
"of p.c.) and Soberan0.2 L "), when the
plants had six fully formed leaves (May 8,
2023). In MOMES 1 and 2 treatments, 100
mL ""of Brutal "™*'was added to the herbi-

cide mixture

Nitrogen fertilization in all treatments
was performed on May 4, 2023, using 80
kg ""of N in the form of urea. After appli-
cation, the area was irrigated using a 12.6
mm water depth to minimize losses due to
volatilization.

In MOMES 1 and MOMES 2 tre-
atments, foliar applications of Brutal
Plus (250 mL ™), Ultrasal (200 g ™), Bru-
tal Calcium" 200 g ™" ** Bacillus thuringen-
sis (0.5 kg " were carried out on April 25
(plants with two fully formed leaves); May
2 (four leaves); May 8 (six leaves) and May
16 (eight leaves). In conventional manage-

ment, applications were made on April 25
with Perito (’(1.0 kg "+ Lanate ("0.8 L

b+ spreader (2 leaves); May 2 with Sperto
(’(300 g "+ Prémio (? 100 mL ha™ *spre-
ader (4 leaves); May 8 with S (300 g b
*spreader (6 leaves); May 16 with ™ (100
ml b Magnum (I ba™) +gpreader (8 leaves).
The harvest was carried out on September 6,
2023, 141 days after emergence.
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9. Soybeans

Mechanized sowing of soybeans took
place on December 14, 2023, using the
BMX Desafio RR cultivar, with a spacing
of 0.45 m and a density of 14.2 seeds m™.
In the conventional area, the seeds were tre-
ated with Standak Top(’fungicide (2 mL
k¢"of seeds) and inoculated with Bradyrhizo-
bium japonicum (1.2 mL "¢ of seeds). In the
MOMES 1 and MOMES 2 areas, the seeds
were not treated with fungicide and insec-
ticide, only inoculated with Brutal ™*'(200
mL per 40 kg of seeds) and Brutal “<™(6 g

perkeof seeds) .

Mineral fertilization in the seed fur-
rows in the conventional system was 300
kg ™" of the 02-20-20 (NPK) formulation,
calculated according to the chemical charac-
teristics of the soil, considering the expected
yield of 3.0 to 3.4 t " *taking into accou-
nt the recommendations of Quaggio et al.
(2022). In MOMES 1 and MOMES 2 ma-
nagement, fertilization in the seed furrow
was 150 kg ™" *fthe 02-20-20 formulation
and no fertilization, respectively. Seedling
emergence occurred seven days after sowing
(December 21, 2023).

Weed control was performed post-e-
mergence using the herbicides glyphosate
(1.5 kg ™) + chlorimuron ethyl (30 g ™).
In MOMES 1 and 2 management, 100 mL
h"of Brutal " 'was added to the herbicide

mixture.

In the conventional system, two appli-
cations of insecticides and fungicides re-
gistered for the crop were made to control
pests and diseases. In the areas with MOM-
ES 1 and 2 management, no insecticides or
fungicides were applied.

10
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In MOMES 1 and MOMES 2 treat-
ments, foliar applications of Brutal Plus' (250
mL "), Ultrasal” 200 g ha™*Brutal C4l-
cio 200 g ha " Bacillus thuringiensis (200 g
ha™" *dBrutal “‘rus 150 mL ha "were car-
ried out on January 12, January 22, January
29, February 9, February 19, February 28,
March 12, and March 20, 2024. The har-
vest was carried out on May 6, 2024, 138
days after emergence.

10. Wheat

Mechanized sowing of wheat took pla-
ce on May 21, 2024, using the ORS Ferdz
cultivar with a spacing of 0.17 m and a den-
sity of 65 seeds ™ (350 plants per ™). In the
conventional system, the seeds were treated
with the fungicide Standak Top(?(2 mL*¢"of
seeds). In the MOMES 1 and MOMES 2
treatments, the seeds were inoculated before
sowing with Brutal (200 mL per 40 kg
of seeds) and Brutal “'#(120 g P 40 kg of
seeds).

Mineral fertilization applied by broad-
casting in the conventional system was 250
kg ™" of the 08-28-16 (NPK) formulation,
calculated according to the chemical charac-
teristics of the soil, considering the expected
yield of 4 to 6 t " *taking into account
the recommendations of Cantarella et al.
(2022). In MOMES 1 and MOMES 2 ma-
nagement, broadcast fertilization at sowing
was 125 kg ™" *the 08-28-16 formulation
and no fertilization, respectively. Seedling
emergence occurred six days after sowing,

on May 27, 2024.

Weed control was performed pre-e-
mergence with the herbicide pendimethalin
(1,400 g " of active ingredient) and post-
-emergence using the herbicide metsulfu-

!

ron methyl (5.0 g ™ of active ingredient).
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In MOMES 1 and 2 management, 100 mL
ha”of Brutal ™ 'was added to the herbicide

mixture

In MOMES 1 and MOMES 2 tre-
atments, foliar applications of Brutal
Plus (250 mL ™), Ultrasal (200 g ™), Bru-
tal Calcium® 200 g ha ™ *Bacillus thurin-
gensis (200 g " Dwere carried out on June 20,
June 28, July 9, July 19, July 31, and August
8,2024. The harvest was carried out on Sep-
tember 2, 2024, 99 days after emergence.

Evaluations:

For each crop, grain yield (kg ") was
determined by collecting plants (soybeans
and beans), panicles (rice), and ears (wheat
and corn) from the usable area of the plots,
disregarding the side rows and half a meter
at the ends of each row. After mechanical
threshing, the grains obtained were weighed
and the data transformed into kg ha(""(13%
moisture basis), with the values extrapolated
to kg ha("In the statistical analysis of pro-
ductivity, the data were submitted to analy-
sis of variance and the means were compared
by Tukey’s test at 5% probability, according
to Pimentel Gomes and Garcia (2002). The
statistical analyses were processed using the
statistical analysis program SISVAR(’(Fer-
reira, 2000).

In August 2020, September 2022, and
September 2024, after the harvest of beans,
beans, and wheat, respectively, soil sampling
was performed at a depth of 0-0.20 m to
determine the chemical characteristics in
each of the treatments, according to the me-
thod proposed by Raij et al. (2001). Also in
September 2024, another soil sampling was
carried out, removing 20 samples in each
treatment, at a depth of 0-0.10 m, which,
after homogenization, obtained a composi-

1
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te sample, where the enzymes Arylsulfatase
and B-Glycosidase were determined, accor-
ding to the methodology of Mendes et al.
(2021) and Acid Fostase, according to the
methodology of Tabatabai and Bremner
(1969).

Results and Discussion

Before the start of the project, a soil
analysis of the experimental area (0.0 to
0.20 m) was performed, and the chemical
characteristics are presented in Table 1.

Based on the values obtained, it can be
seen that the pH (CaClz) was 5.0 and the base
saturation was 54% (Table 1). On October
24,2019, 1.3 t ™" Wof dolomitic limestone,
with 80% PRNT, was applied by broadcas-
ting, with the aim of increasing base satu-
ration to 70%. After the soybean and bean
crops, a new sampling was performed, indi-
vidually for each management practice, and
the chemical characteristics are presented in
Table 2. The results indicate an increase in
pH and base saturation (V%), as well as a
reduction in aluminum (Al) and potential

acidity (H+Al) (Table 2).

According to Malavolta (1981), the
application of limestone raises the soil pH
by reducing the concentration of hydrogen
ions (H"). This is due to the presence of cal-
cium (CaCOj;) and magnesium (MgCO;)
carbonates, which, when reacting with soil
water, release calcium (Ca?*), magnesium
(Mg?*), hydroxyl (OH"), and bicarbonate
(HCO3") ions. The Ca?* and Mg?* cations
increase base saturation (V%), while the
OH™ and HCOj;™ anions neutralize soil aci-
dity by reacting with H*. Additionally, the
hydroxyl ion (OH") contributes to the neu-
tralization of aluminum (Al?*), an element
that is toxic to plants and predominant in
low acidity conditions.
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With the reduction in potential aci-
dity (H" + AI*), soil colloids, previously
occupied by H* and Al**, become predo-
minantly associated with Ca?* and Mg?*
cations, which are essential for plant develo-
pment (Malavolta, 1981; Malavolta, 2000).
However, a reduction in CTC is observed
after liming (Table 2), possibly due to the
decrease in H* and AI?* levels, which pre-
viously occupied the exchange sites.

Regarding phosphorus  (P) levels,
MOMES 2 and, especially, MOMES 1
stand out, with 39 mg dm™3, while conven-
tional management recorded 23 mg dm™.
This increase in MOMES 1 and 2 mana-
gement may be associated with the pplica-
tion of the Brutal Rocks® soil remineralizer,
whose nutrients were possibly solubilized by
the action of microorganisms present in the
Brutal ™ bioinput

Tables 3 and 4 show the grain yields
obtained in the 2019/20 to 2023/24 har-
vests for the different crops grown in a rota-
tion system in the first and second harvests
of each agricultural year (soybean/bean;
rice/wheat; soybean/bean; sorghum/corn,
and soybean/wheat). In the sorghum crop,
it was not possible to evaluate productivity
due to the large attack of maritacas at the

end of the crop cycle (Table 4).

Means followed by the same letter
in the columns do not differ according to
Tukey’s test at 5% probability; C.V.: coefhi-

cient of variation.

For soybean productivity, there was no
significant difference between conventional
management and MOMES 2 for the last
two crops (Tables 3 and 4). Conventional
management and MOMES 2 were also sta-
tistically equal for bean productivity in the
first year (Table 3). For rice, there was no di-
fference between conventional management
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P MO pH K Ca Mg H+Al Al CIC V SSO2 B Cu Fe Mn Zn
mg  mg
dm?® dm?
23! 22 5.8 14 28 26 25 0 35 69 25 0.12 2.1 21 21.7 1.1
392 21 59 15 27 22 22 0 37 70 19 014 21 17 199 1.2
273 21 58 1.1 26 21 20 0 31 71 10 016 2.1 17 194 1.1

CaCl, e mmol_dm? - L S —— mg dm? ----eeee

Table 2. Values of the chemical characteristics of the soil in the experimental area of the 0-0.20 m layer
after bean cultivation. Selviria (MS), 2020.

OM: Organic matter; S-SO,>": Extractable sulfur; P: Phosphorus; K: Potassium; Ca: Calcium; Mg:
Magnesium; H+Al: Hydrogen + Aluminum (exchangeable acidity); CTC: Cation exchange capacity;
V%: Base saturation; B: Boron; Cu: Copper; Fe: Iron; Mn: Manganese; Zn: Zinc. Extraction methods:
P - Resin; B - Hot water; Cu, Fe, Mn, and Zn - DTPA. (V© Conventional management; (* MOMEFS 1

management and (* MOMEFS 2 management.

2019/2020 2020/2021 2021/2022
Management -

Soy Beans Rice Wheat Soybeans Beans
Conventional 63.6 to 54.0 to 121.9 to 59.3 65.8 46.9 to
MOMES 1 51.6b 50.8 b 117.8a 60.0 53.0b 34.2b
MOMES 2 53.8b 52.6a 94.7 b 55.6 55.2a 35.6b
F values 6.10° 445 12.90™ 2.01" 14.01" 27.34"

CV (%) 12.13 5.76 14.65 11.63 13.19 9.02

Table 3. Crop productivity (bags ha' ) as a function of different management practices. Selviria (MS),
2019/20 to 2021/22.

", " and " significant at 1%, 5% probability and not significant by the F test, respectively.

2022/2023 2023/2024

Management
Sorghum Corn 2nd Harvest Soybeans Wheat
Conventional - 144.9 70.6 to 70.2 a
MOMES 1 - 120.0 60.1b 66.7 a
MOMES 2 - 129.7 70.6 a 69.1a
F values - 2.97 4.03 0.95™
CV (%) - 15.77 17.84 13.43

Table 4. Crop productivity (bags ha' ) as a function of different management practices. Selviria (MS),
2022/22 to 2023/24.

", " and ™ significant at 1%, 5% probability and not significant by the F test, respectively.

Means followed by the same letter in the columns do not differ by Tukey’s test at 5% probability; C.V.:
coefficient of variation.
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and MOMES 1 (Table 3), while in the two
years of wheat cultivation (Tables 3 and 4)
and the second corn crop (Table 4), produc-
tivity was statistically equal in the three ma-
nagement systems.

In general, it can be observed that
conventional management showed higher
productivity in a wide variety of crops (Fi-
gure 1). Adding up the yields of all crops,
they were 697.2 bags "'in conventional
management, compared to 614.7 bags ™ 'in
MOMES 1 and 616.0 bags ""'in MOMFS
2 (Figure 1). Despite the superiority of con-
ventional management in most crops, Ta-
bles 3 and 4 show positive results obtained

in MOMES 1 and 2 management.

These values may be associated with
the conditions provided by the no-till sys-
tem (SPD), which, combined with the
application of organic compost and MPCP
(Brutal Plus), possibly favored soil micro-
biological activity. The action of microor-
ganisms, through the decomposition of
organic material, cycling, and solubilization
of nutrients, may explain the positive per-
formance observed in these management
practices (Hungria, 2011; Cardoso and An-
dreote, 2016).

Figure 2 illustrates the amounts of
fertilizer used in each management sys-
tem when sowing crops, with emphasis on
MOMES 1, with half the mineral fertiliza-
tion, and MOMES 2, which had no mine-
ral fertilization. According to Vieira (2017),
nitrogen fertilizers, when used in excess, can
contaminate groundwater through nitrate
(N9 leaching and the atmosphere through
nitrous oxide (NZO) emissions. Urea is the
most widely used nitrogen fertilizer due to
its low cost and high N content. However,
its efficiency can be impaired by the volatili-

zation of ammonia (N,

DOI https://doi.org/10.22533/at.ed 51572253009

Nitrogen fertilizers such as urea, am-
monium nitrate, and ammonium sulfate are
based on ammonia (). To obtain NH(3)

3
through the Haber- Boch process, tons of
CO(Z)

which is characterized as a greenhouse gas,

are emitted into the atmosphere,

intensifying global warming (Vieira, 2017).
According to Silva (2014), nitrogen fertili-
zers can acidify and salinize soils. Soil salini-
zation can also occur with the use of potash
fertilizers, as they are most often supplied
in the form of potassium chloride (KCI)
(Marschner, 1997).

In addition to the environmental im-
pacts associated with fertilizer use, its appli-
cation in crops represents a significant cost
(Figure 3). It can be observed that, in MOM-
ES 2 management, the cost per hectare was
less than 50% compared to conventional
management. Thus, although MOMES 2
showed lower yields in certain crops, this
limitation can be offset by the significant
reduction in implementation costs.

Observing the values of the chemical
characteristics of the soil in samples taken
in August 2022, in the three management
practices used (Table 5), there was a notable
increase in the values of B, CTC, and V%
when compared to Table 2. However, it is
important to note that on August 11, 2022,
a new liming was carried out, applying 2
t M"of dolomitic limestone, broadcast and
without incorporation. The changes from
this application, added to the application
of Brutal *"organic compound, Brutal
Fius’Brugal “eum>andJ]erasal(® in each crop
were positive and can be seen in the chemi-
cal characteristics presented in Table 6, wher
, soil collection was performed immediately
after the wheat harvest (last crop) in Sep-
tember 2024.

14

Soil management and application of microorganisms in the productivity of soybean, common bean, rice, wheat, sorghum, and corn crops in the Cerrado region

<
S
£
<




800,00

&
~
3
S g
5 <
© e
600,00 -
®
£ 400,00 -
w
=" ]
3]
o
8
o & e
8 o P o
200,00 = 2 3 3 5 3
m 1]
- ) o
0,00
“onRventional MOMFS1 MOMFS2
management
Total m Soy m Beans m Rice »Wheat m Corn

Figure 1. Amount of grain produced (bags ha') in each management system during the ten crops.
Selviria (MS), 2021-2024.

5500 -
5000 o
4500 o
4000 o
3500 o 3900
3000 -
2500 -

Fertilizers (kg/ha)

2000 A 1690
1500 -
1000 4 20 9

500 +

Soil management and application of microorganisms in the productivity of soybean, common bean, rice, wheat, sorghum, and corn crops in the Cerrado region

Conventional MOMFS1 MOMFS2

management
08-28-16 W 02-20-20 m BRUTALROCKS m ORGANIC COMPOST

<
S
£
<

Figure 2. Amount of fertilizer (kg ha') used in each management system for crop establishment during
the ten crops. Selviria (MS), 2021-2024.
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Figure 3. Cost(? of fertilizers (R$ ha("’in each management system during the ten crops. Selviria
(MS), 2021-2024.

! — values per ton of each fertilizer obtained in R$, obtained in August/2025.

P MO pH K Ca Mg H+Al Al CTC V S§S§SO0> B Cu Fe Mn Zn

n;lg CaCl,  —oooeeee- mmol_dm? - % - mg dm? ---—-----

37! 18 51 1.6 26 20 25 1 726 066 7 022 1.6 17 193 0.8
62? 17 52 1.0 27 20 25 0 73.0 66 5 021 1.8 16 19.1 0.8
65° 18 59 1.0 29 32 18 0 80.0 82 6 0.10 1.6 10 158 0.5

Table 5. Values of the chemical characteristics of the soil in the experimental area of the 0-0.20 m layer
after bean cultivation. Selviria (MS), 2022.

OM: Organic matter; S-SO,*": Extractable sulfur; P: Phosphorus; K: Potassium; Ca: Calcium; Mg:
Magnesium; H+Al: Hydrogen + Aluminum (exchangeable acidity); CTC: Cation exchange capacity;
V%: Base saturation; B: Boron; Cu: Copper; Fe: Iron; Mn: Manganese; Zn: Zinc. Extraction methods:
P — Resin; B - Hot water; Cu, Fe, Mn, and Zn - DTPA. (V% Conventional management; (¥’ MOMES 1

management and (* MOMFS 2 management.
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P MO pH K Ca Mg H+Al Al CTC V §SO> B Cu Fe Mn Zn
m m
dmg’3 dmi CaCl, oo mmol dm? -—--eeeeeee- % e mg dm? -
37! 22 58 34 34 17 23 0 804 75 6 040 3.3 46 159 5.2
442 21 6.1 30 37 15 27 0 83.0 81 7 022 3.0 41 154 3.8
52° 22 64 19 45 18 27 0 869 85 5 025 2.8 27 149 3.2

Table 6. Values of the chemical characteristics of the soil in the experimental area of the 0-0.20 m layer
after wheat cultivation. Selviria (MS), 2024.

OM: Organic matter; S-SO,>": Extractable sulfur; P: Phosphorus; K: Potassium; Ca: Calcium; Mg:
Magnesium; H+Al: Hydrogen + Aluminum (exchangeable acidity); CTC: Cation exchange capacity;
V%: Base saturation; B: Boron; Cu: Copper; Fe: Iron; Mn: Manganese; Zn: Zinc. Extraction methods:
P - Resin; B - Hot water; Cu, Fe, Mn, and Zn - DTPA. (V© Conventional management; (*) MOMEFS 1

management and (* MOMEFS 2 management.

Arylsulfatase B-Glycosidase Acid phosphatase
Management
(ug/g-h) (ug/g-h) (ug/g-h)
Soil management
Conventional 297.04 690.00 852.59
MOMES 1 523.70 5,136.15 6,608.15
MOMES 2 426.67 4,586.15 6,119.26

Table 07 - Values for analysis of soil enzyme activity of the enzymes arylsulfatase, 3-glycosidase, and
acid phosphatase. Selviria (MS), September/2024.

Source: Plant Nutrition Laboratory, UNESP - Ilha Solteira.

Looking at the results described in Ta-
ble 6, it can be observed that MOMES 1
and MOMES 2 management presented hi-
gher values than conventional management
for several soil characteristics evaluated (P,
pH, Ca, CTC, and V%), indicating that
MOMES 2, in particular, is an interesting
management strategy, considering the sa-
vings in fertilizers, the grain productivity
obtained in most of the crops used, and en-
vironmental sustainability.

The values obtained in the analysis
of soil enzyme activity after a period of 5
years, during which 10 crops were grown,
are presented in Table 07. When comparing
these data, an increase in enzyme activity
in general can be observed after five years
of cultivation in this study. For the enzyme
arylsulfatase, this increase was 60%, while
for B-glycosidase it was 604% and for acid

DOI https://doi.org/10.22533/at.ed 51572253009

phosphatase, 646%, comparing Conven-
tional Management with the average of
MOMES 1 and MOMES 2 Management.
Soils with higher levels of arylsulfatase and
B-glycosidase store more water, have a lower
nematode population, are more efficient in
nutrient use, have greater bioremediation
potential, and produce grains with higher
nutritional quality (Mendes, 2024).

Conclusions

- Brutal Plus’ combined with Brutal
Calcium™ and Ultrasal foliar fertilizers re-
sulted in healthy plants, avoiding the use of
insecticides and fungicides;

- MOMES 1 and MOMES 2 ma-
nagement showed similar performance to
conventional management in terms of grain
yield, but with healthier soils, lower costs,
and greater environmental sustainability.
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