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ABSTRACT: Co-inoculation between bacteria of the genera Bradyrhizobium and Azospirillum can enhance the nodulation and promote the
development of the soybean [Glycine max (L.) Merrill] root system, contributing to the increase in grain yield, in addition to the reduction in
production costs and contamination of natural resources. Cobalt (Co) and molybdenum (Mo) use can also favor biological nitrogen fixation.
The research evaluated the co-inoculation effect of bacteria associated with the Co and Mo application in soybean crop. The randomized blocks
design was employed, in a 2 x 6 factorial scheme, presence and absence of Co and Mo and five ways of using the products Bradyrhizobium and
Azospirillum, plus control, with four replications. The treatments were formed by the control (not inoculated + 20 kg N ha™'); seed inoculation
with Bradyrhizobium (100 mL ha') + 20 kg N ha''; seed inoculation with Bradyrhizobium (100 mL ha') and three treatments applying
Bradyrhizobium + Azospirillum in furrow, in different doses. Height of insertion of the first pod, total number of pods and grains per plant,
weight of 100 grains and grain yield were evaluated. Inoculation of Bradyrhizobium japonicum associated with co-inoculation of Azospirillum
brasilense via foliar and Co and Mo, provided increases in the number of pods per plant, number of grains per pod and weight of 100 grains,
reflecting increases in grain yield. The use of Co and Mo, on average, increased soybean yield by 10%, resulting in an average yield of 4,904 kg ha.
Key words: diazotrophic bacteria, biological fixation, micronutrients.

Co-inoculacio de Bradyrhizobium e Azospirillum associadas a aplicacdo de cobalto e molibdénio na
cultura da soja

RESUMO: A co-inoculagdo entre bactérias do género Bradyrhizobium e Azospirillum pode potencializar a nodulagdo e promover o
desenvolvimento do sistema radicular da soja [Glycine max (L.) Merrill], contribuindo com o aumento na produtividade de grios, além da
redugdo nos custos de produgdo e contaminagio dos recursos naturais. A utilizagdo de cobalto (Co) e molibdénio (Mo), também pode favorecer
a fixacdo biologica de nitrogénio. O objetivo do trabalho foi avaliar o efeito da co-inocula¢do de bactérias associadas a aplicagdo de Co e Mo
na cultura da soja. O delineamento utilizado foi de blocos casualizados, em esquema fatorial 2 x 6, na presenga e auséncia de Co e Mo e cinco
formas de utilizagdo dos produtos Bradyrhizobium e Azospirillum, mais controle, com quatro repeticdes. Os tratamentos foram formados
pela testemunha (no inoculada + 20 kg de N ha''); inoculagdo com Bradyrhizobium na semente (100 mL ha™') + 20 kg de N ha™'; inoculagéo
de sementes com Bradyrhizobium (100 mL ha™') e trés tratamentos aplicando Bradyrhizobium + Azospirillum em sulco em diferentes doses.
Foram avaliados altura de inser¢do da primeira vagem, niimero total de vagens e graos por planta, massa de 100 graos e produtividade de
grdos. A inoculacdo de Bradyrhizobium japonicum associado a co-inoculag@o de Azospirillum brasilense via foliar e ao Co e Mo, proporcionou
incrementos no nimero de vagens por planta, nimero de grdos por vagem e massa de 100 graos, refletindo acréscimos na produtividade de
grios. O uso de Co e Mo, em média, aumentou o rendimento da soja em 10%, resultando numa produtividade média de 4904 kg ha™'.
Palavras-chave: bactérias diazotréficas, fixagao biologica, micronutrientes.

INTRODUCTION products and technologies, capable of improving
the sustainability of the production system, without

Brazil currently is the largest producer expanding the area (SAATH & FACHIELLO, 2018).

and exporter of soybeans in the world (EMBRAPA The soybean plant is very demanding
SOJA, 2022), reaching production in the 2021/22 in nitrogen (N), as this nutrient is responsible for
harvest of 124,0 million tons (10,2% lower than the the increase in the grain’s protein content (36 to
previous harvest) (CONAB, 2022). Considering the 42%), production of new cells and tissues and
crop importance and its nutritional and physiological grain productivity (BRANCALIAO et al., 2015;

demands, it is essential to search for low-cost MARCON et al., 2017). It is estimated that for each
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ton of grain produced approximately 83 kg of N
are needed (HUNGRIA et al., 2013). It is possible
that this high demand for N has led to studies with N
application, even with Bradyrhizobium inoculation,
being reported in some situations increase soybean grain
yield (BARRANQUEIRO; DALCHIAVON, 2017,
MORENO et al., 2018) and in other cases that there is
no increase in grain yield (SATURNO et al., 2017).

Biological nitrogen fixation (BNF),
promoted by bacteria of the genus, can supply the
nutritional requirement of soybean in nitrogen.
Technological advances have allowed the crop to
express its potential even though it is influenced by
edaphoclimatic conditions (CAMPO et al., 2009;
ZILLI et al., 2009). Co-inoculation of soybean with
Bradyrhizobium spp. and Azospirillum brasilense
results in early nodulation of soybean plants
(CHIBEBA et al., 2015), being able to supply all the
N needed for plant development (TAIZ et al., 2017).
According to HUNGRIA et al. (2013), the co-inoculation
management can provide an average increase of 16.1%
in soybean yield, in relation to non-inoculated areas.

Bacteria  belonging to the genus
Azospirillum, used worldwide as inoculants in
grasses (HUNGRIA et al., 2010), are considered
growth-promoting organisms, capable of influencing
the formation of phytohormones. In this way, these
microorganisms allow anticipate the nodulation
of Bradyrhizobium, promote high growth of the
aerial part and of the roots, increase the absorption
capacity of water and nutrients, due to the increase
in the volume of exploited soil, provide opportunities
for the induction of systemic resistance to diseases
and environmental stresses, and also the ability to
solubilize phosphate (BRACCINI et al., 2016).

In addition to the proper use of inoculants,
cobalt (Co) and molybdenum (Mo) use in soybean
crops favors biological nitrogen fixation. Co
participates in the structure of vitamin B12, necessary
for the synthesis of leghemoglobin, which determines
the activity of the nodules, prevents oxidation
and gives them their reddish color (MENGEL &
KIRKBY, 2001). Mo is a cofactor of the enzymes
nitrogenase, nitrate reductase and sulfide oxidase,
which is closely related to the transport of electrons
during biochemical reactions, influencing its activity
and nodulation process (TOLEDO et al., 2010).

Soils with high fertility can meet the need
for micronutrients, including Co and Mo. However,
in Cerrado soils that have low natural fertility,
mineral fertilization with these elements is necessary,
in addition, the intensification of the use of areas
with agriculture has promoted the export of these soil

elements, which has also reduced their availability
(DOURADO NETO et al., 2012). It is important
to study the application of these micronutrients
together with inoculation with microorganisms, to
choose the best management.

The inoculation process with
Bradyrhizobium aswell as otherbacteria canaid the BNF
process. However, its interaction between symbiotics in
the case of Bradyrhizobium and diazotrophic bacteria
belonging to the genus Azospirillum has been an object
of interest (BARBARO et al., 2009).

The use of organic products with or
without the addition of minerals has a sustainable
and economically viable connotation for the
producer. Several studies detail the importance of
Bradyrhizobium for soybeans (SATURNO et al.,
2017), of A. brasilense for grasses, and sometimes
for soybeans (GALINDO et al., 2017; SOUZA et al.,
2019; BOLETA et al., 2020) and the use of Co and
Mo for several crops, including soybean (LANA,
et al., 2009; GALDINO et al., 2020). However,
there are few studies that address the use of this
triple association in soybean crop, and the results
are not always conclusive (GALINDO et al., 2017;
TEIXEIRA etal.,2017). In addition to the divergences
on the use of these different products, the research still
does not clearly indicate the best way of application.
Application via seed is not always indicated due to
the chemical treatments or nutrients used, which can
be toxic to microorganisms (CAMPO et al., 2009).
This opens the application option in furrow and foliar.

The hypothesis of this research considers
that the co-inoculation of soybean seeds with
Bradyrhizobium and Azospirillum, when associated
with the foliar supply of Co and Mo, can improve
the growth characteristics, production components
and crop productivity. So, this research evaluated the
effect of bacteria associated co-inoculation with the
application of Co and Mo in soybean crop.

MATERIALS AND METHODS

The experiment was a single year trial
developed under field conditions in the 2018/2019
harvest season. The experiment was established in an
area of the Federal University of Mato Grosso do Sul,
MS at coordinates 18°46°17.7" S and 52°37°27.7" W;
with an altitude of 813 m. The soil of the experimental
area is a Latossolo Vermelho distrofico (Oxisol)
(EMBRAPA, 2018), originally occupied by Cerrado
vegetation. The area’s history indicated that it was
previously explored with grain-producing crops,
mainly soybean and corn (Zea mays L.).

Ciéncia Rural, v.53, n.7, 2023.

L d

Erwad

.,

co.

e

co.



esiseoizzzze -

Bradyrhizobium and Azospirillum co-inoculation associated with cobalt and molybdenum ... 3

Before the experiment installation, soil
samples were collected from the experimental area, in
the 0 — 0.20 m layer, and chemical analysis was carried
out, according to the method proposed by RAIJ et al.
(2001). The values reported were P (resin): 37.43
(cmol dm?); O. M. (organic matter) = 38.8 g dm?;
K =209.7 mg dm?; Ca, Mg and SB (sum of bases) =
2.8, 1.1 and 8.2 cmol  dm?, respectively; pH (CaCl,),
Al and H+Al=5.3,0.05, 3.7 cmol,_ dm?3, respectively;
S-SO, = 3.3 gdm” and V (base saturation) = 54.2%.

The characteristic climate of the region,
according to Koeppen classification, is humid
tropical (Aw), with a rainy season in the summer
and a dry season in the winter, and average annual
precipitation of 1,850 mm, with annual temperatures
ranging from 13 to 28°C. The average rainfall and
air temperature data obtaining in the experiment
conduct are shown in figure 1.

The experimental design used was a
randomized block, in a 2 x 6 factorial scheme,
formed by the Co + Mo presence and absence
and five ways of using the Bradyrhizobium and
Azospirillum products, plus a control, with four
replications, with the treatments described in table
1. For the NICN (Not inoculated + 20 kg of N ha'!)
and SICN (Seed inoculation with Bradyrhizobium
(100 mL ha!) + 20 kg de N ha'!) treatments (Table
1), 20 kg N ha' were applied at sowing, using
urea as a source. The current recommendation for
soybean cultivation consists of the exclusive use of
inoculant, without the application of N or the use
of up to 20 kg ha! at sowing (EMBRAPA, 2011).
This indication of the use of initial N ends up
generating confusion in the production process.
Thus, it was established in this experiment the use
of 20 kg N ha' at sowing, to verify the soybean
response under these conditions.

The plots consisted of five lines of 5.0 m in
length spaced 0.45 m apart. The usable area consisted

of three central lines of each plot, totaling 6.75 m?.
The cultivar used was M6410 IPRO (medium size,
with indeterminate growth and cycle of 123 days).
The seeds were treated with the fungicide Carboxina
+ Tiram, at doses of 200 g of a.i. L"! and 200 g of a.i.
L, respectively, and the insecticide Imidacloprid, at
a dose of 150 g of a.i. L.

As a source of Bradyrhizobium japonicum,
the inoculant Masterfix soybean®, strain SEMIA 5079
(5 x 10° viable cells per mL) was used, and the product
was applied in the form of inoculation on seeds or
sprayed directly into the seeding furrow. As a source
of Azospirillum brasilense, the inoculant Masterfix
Gramineas® was used, which contains strains Abv5
and Abv6 (2 x 10® viable cells per mL), being the
product applied as foliar spray. For the directed
application in the seeding and furrow, an electric
costal spray was used, with constant pressure of 0.4
mpa, a flow of 0.35 L min’!, equipped with a lance
containing two nozzles, working at a height of 10 cm
from the target and speed of 1.0 m second, reaching
an applied strip of 10 cm in width, providing a spray
volume of 100 L ha'. Cobalt and molybdenum were
applied via seed and leaf treatment (V6 - six leaf fully
developed) at doses of 50 mL ha'! and 100 mL ha’,
respectively, using commercial product with 0.8% Co
(10.5 g L") and 8.0% Mo (105.6 g L).

The soil was prepared conventionally,
by means of plowing and two harrowing, one in
the incorporation of limestone at a depth of 0.20 m
(470 kg ha' of dolomitic limestone, with Effective
Neutralizing Value of 17,84 mmol_kg') 60 days before
planting and one harrowing two days before planting
the crop. Fertilization was carried out based on the
recommendations of SOUSA & LOBATO (2004) and
soil analysis of the area. A rate of 80 kg ha™ of P,0,
and K,O was applied, using single superphosphate
and potassium chloride as sources, respectively. PO
was applied totality at sowing, while K,O was applied

Table 1 - Description of co-inoculation treatments of Bradyrhizobium and Azospirillum associated with Co and Mo (cobalt and

molybdenum) application in soybean crop.

Treatments 00 eemeeemeeeeeeeeeee Description of treatments associated with and without Co and Mo-------------------—-
NICN Not inoculated + 20 kg of N ha™

SICN Seed inoculation with Bradyrhizobium (100 mL ha™) + 20 kg de N ha™!

SIC Seed inoculation with Bradyrhizobium (100 mL ha™)

COIN-I In-furrow inoculation with Bradyrhizobium (150 mL ha™) + Azospirillum foliar (100 mL ha™)
COIN-II In-furrow inoculation with Bradyrhizobium (200 mL ha™) + Azospirillum foliar (150 mL ha™)

COIN-III

In-furrow inoculation with Bradyrhizobium (300 mL ha™) + Azospirillum foliar (200 mL ha™)
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twice, 40 kg ha! at sowing and 40 kg ha'! in stage
V3 (third leaf fully developed). Post-emergence weed
management was performed with glyphosate (720 g
a.e. kg'') in V5 (fifth fully developed leaf).

At the V5 and R4 (full formation of
pods), growth stages, Imidacloprid + beta-cyfluthrin
(100 g a.i. L' + 12.5 g a.i. L"), and Triflumuron
(480 g a.i. L") were applied for pestes control and
Prothioconazole + Trifloxystrobin (175 g a.i. L' +
150 g a.i. L") was applied for diseases control.

Before harvesting, five plants were sampled
in sequence per plot, determining the height of insertion
of the first pod, total number of pods, number of grains
per plant and weight of 100 grains. The mass of 100
grains was obtained by weighing four samples of 100
grains in each plot. The total mass of grains obtained
from the five plants was added to the value obtained
at harvesting the plot, so as not to interfere with the
result. Soybean harvest was carried out manually at
the R8 phenological stage (physiological maturation),
followed by the trail of the plots. The mass of 100
grains and grain yield were corrected for 13% moisture
on a wet basis and grain yield expressed in kg ha''.

The assumptions of normality distribution
and homogeneity of variances were verified for the
data. The comparison means test using Scott-Knot test
was applied at P < 0.05 significance level. ANOVA
and comparison between means were performed
using the Sisvar software (FERREIRA, 2011).

RESULTS AND DISCUSSION
There was a significant interaction effect

between treatments for the variables height of
insertion of the first pod, number of pods per plant,

number of grains per plant, mass of one hundred
grains and grain yield (Table 2).

For the height of insertion of the first pod,
a higher value was reported in the SICN treatment
in the absence of Co and Mo application (Table 3).
According to CARVALHO et al. (2010) the insertion
height of the first pod must be greater than at least 0.10 m
from the ground. Furthermore, AMORIM et al. (2011)
and CRUZ et al. (2016) stated that plants with insertion
height of the first pod of less than 0.12 m for flat areas
and 0.15 m for sloping areas can cause grain losses.

The association of Bradyrhizobium with
mineral nitrogen probably favored the vegetative
growth of the plants due to the higher initial supply
of this element; however, doses above 20 kg of N ha!
may impair nodulation (SILVA et al., 2011). When
comparing the application or not of Co and Mo, in
addition to the SICN treatment, the COIN-II and
COIN-III treatments also showed higher values in the
absence of the application of Co and Mo. Studies of
GOLO et al. (2009) and MESCHEDE et al. (2004),
with different doses in foliar application of Co and
Mo, also reported no positive effects of these nutrients
in the height of insertion of the first pod.

For the variables number of pods per plant
and number of grains per plant, it was observed that the
inoculation mode SIC and COIN-IIL, in the presence of
Co and Mo, provided higher values (Tables 4 and 5).

The micronutrients Co and Mo participate,
respectively, in the synthesis of leghemoglobin and
in the process of nitrate reductase in root nodules,
providing efficiency in the process of biological nitrogen
fixation (TOLEDO et al., 2010) and success in the use
of inoculants in the soybean crop. In a study with foliar
application of Mo and Co in soybean, DOURADO

Table 2 - Summary of the analysis of variance for height of first pod insertion (HFP), number of pods per plant (NPP), number of grains
per plant (NGP), 100 grain mass (100GM) and grain yield (YIELD), in response to modes of inoculation of B. japonicum and
A. brasilense and application of Co and Mo (cobalt and molybdenum).

L d

Erwad

.,

co.

e

co.

SV DF Mean square

HFP NPP NGP 100GM YIELD
Co and Mo 1 14.717 270.72" 866.45" 1.617 2298873.20"
INOC 5 12.68™ 62.95" 201.47" 0.54" 339869.40"
Co and Mo x INOC 5 5.24" 72.82" 233.06™ 413" 395951.10™
Residue - 0.58 422 13.51 0.17 30921.10
CV (%) = 6.70 3.38 3.38 243 3.99

SV - Source of variation; DF - Degrees of freedom; CV - Coefficient of variation; *; ** - Significant at P < 0.05 and P < 0.01,
respectively, by F test.
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Table 3 - Height of first pod insertion (HFP), as a function of Co and Mo (cobalt and molybdenum) application and methods of

inoculation with bacteria.

Co and Mo Inoculation Modes
NICN SICN SIC COIN-I COIN-II COIN-III
HFP (cm)
With 10.58 aB 12.04 bA 12.09 aA 11.46 aA 10.08 bB 8.63 bC
Without 10.39 aB 15.11 aA 11.33 aB 11.86 aB 11.21 aB 11.62 aB

Means followed by the same uppercase letters in the row and lowercase letters in the column do not differ statistically from each other
by the Scott-Knott test at 5%. NICN = control (not inoculated + 20 kg of N ha™); SICN = seed inoculation with Bradyrhizobium (100
mL ha') + 20 kg of N ha; SIC = seed inoculation with Bradyrhizobium (100 mL ha™); COIN-I = inoculation in the furrow with
Bradyrhizobium (150 mL ha™) + Azospirillum (100 mL ha™); COIN-II = in-furrow inoculation with Bradyrhizobium (200 mL ha™) +
Azospirillum (150 mL ha™) and COIN-III = in-furrow inoculation with Bradyrhizobium (300 mL ha™) + Azospirillum (200 mL ha™).

NETO et al. (2012) also verified an increase in the
number of pods and in the number of grains per pod.

CHAGAS et al. (2015) reported that the
application of different doses of Mo in soybean seeds
positively affected the number of pods per plant,
demonstrating a linear behavior with increasing
dose. PESSOA et al. (2001) also observed this
behavior, in foliar fertilization of Mo in common
bean (Phaseolus vulgaris L.).

Co-inoculation with Azospirillum provided
higher number of pods per plant and number of grains
per plant only at the highest dose of inoculants-
COIN III treatment (Tables 4 and 5). According to
DIDONET et al. (2000) the efficiency of inoculation
with bacteria of the genus Azospirillum occurs when
they can compete with other microbial groups in the
soil, fact that was probably confirmed in this study,
due to the use of a greater amount of the inoculant.

For the variable mass of one hundred grains,
the highest values were obtained with the COIN-I
inoculation mode (lowest dose of Azospirillum in

with bacteria.

co-inoculation), when applied Co and Mo and also
in the isolated inoculation mode (SIC), without the
application of Co and Mo (Table 6). The use of
bacteria, such as those of the genus Azospirillum,
which establish themselves in the root system,
generates varied results, as they suffer the action of
external factors of the soil, such as the presence of
other microorganisms that compete there for resources
and other environmental conditions that limit the
plant responses (BULEGON et al.,, 2016). These
bacteria can survive both in endophytic and associative
conditions close to the roots (BALDANI et al., 1997),
thus STURZ & NOWAK (2000) suggested that, if the
bacteria were only endophytic, the inconsistency of the
results would be less, since they would not be exposed
to soil and environmental conditions.

Yield was influenced by all inoculation
modes, except SICN, with the application of Co
and Mo (Table 7), with the highest values observed
in SIC, COIN-I and COIN-III treatments. The use
of Co and Mo on average increased soybean yield

Table 4 - Number of pods per plant (NPP) as a function of Co and Mo (cobalt and molybdenum) application and methods of inoculation

LT

Co and Mo Inoculation Modes
NICN SICN SIC COIN-I COIN-II COIN-III
[\ NPP
:‘: 4 With 59.32 aC 55.88 bD 70.85 aA 62.49 aB 62.49 aB 68.29 aA
‘-‘\‘ Without 55.96 bA 59.02 aA 57.20 bA 58.98 bA 61.16 aA 58.50 bA

Means followed by the same uppercase letters in the row and lowercase letters in the column do not differ statistically from each other
by the Scott-Knott test at 5%. NICN = control (not inoculated + 20 kg of N ha™"); SICN = seed inoculation with Bradyrhizobium (100
mL ha') + 20 kg of N ha'; SIC = seed inoculation with Bradyrhizobium (100 mL ha™); COIN-I = inoculation in the furrow with
Bradyrhizobium (150 mL ha™) + Azospirillum (100 mL ha™'); COIN-II = in-furrow inoculation with Bradyrhizobium (200 mL ha™) +
Azospirillum (150 mL ha™) and COIN-III = in-furrow inoculation with Bradyrhizobium (300 mL ha™") + Azospirillum (200 mL ha™).

Ciéncia Rural, v.53, n.7, 2023.
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Table 5 - Number of grains per plant (NGP) as a function of Co and Mo (cobalt and molybdenum) application and methods of

inoculation with bacteria.

Co and Mo Inoculation Modes
NICN SICN SIC COIN-I COIN-II COIN-III
NGP.
With 106.13 aC 99.98 bD 126.75 aA 111.79 aB 111.79 aB 122.18 aA
Without 100.12 bA 105.59 aA 102.33 bA 105.51 bA 109.42 aA 104.65 bA

Means followed by the same uppercase letters in the row and lowercase letters in the column do not differ statistically from each other
by the Scott-Knott test at 5%. NICN = control (not inoculated + 20 kg of N ha™); SICN = seed inoculation with Bradyrhizobium (100
mL ha') + 20 kg of N ha''; SIC = seed inoculation with Bradyrhizobium (100 mL ha™); COIN-I = inoculation in the furrow with
Bradyrhizobium (150 mL ha™) + Azospirillum (100 mL ha™); COIN-II = in-furrow inoculation with Bradyrhizobium (200 mL ha™) +
Azospirillum (150 mL ha™) and COIN-III = in-furrow inoculation with Bradyrhizobium (300 mL ha™) + Azospirillum (200 mL ha™).

by 10.46%. Results obtained can be attributed to
the foliar application of Co and Mo, because even
though these micronutrients were not analyzed, they
were not applied in treatment without Co and Mo.
The cultivation environment may have favored
the effect of Co and Mo application because the
area was conventional soil tillage, which exposes
organic matter and affects the availability of
micronutrients (BALIK et al., 2006).

It was possible to clearly observe in the
research the beneficial effect of the use of Co and
Mo for the variables NPP, NGP and YELD (Tables
4, 5 and 7). According to Galindo et al. (2017) the
use of Co and Mo reflects in greater grain filling,
highlighting the higher mass value of one hundred
grains and; consequently, higher grain yield. GOLO
et al (2009) highlighted that Co and Mo make an
essential contribution to FBN. Conversely, the use of
Co and Mo had anegative effect when applied together
with Bradyrhizobium and nitrogen fertilizer (SICN),
resulting in lower values for NPP, NGP, 100GM and

YELD (Tables 4, 5, 6 and 7). As this effect was not
noticed when only inoculation with Bradyrhizobium
(SIC) was used, except for the variable 100GM, it seems to
be a strong indication that the use of N in sowing inhibits
the positive effects of the use of Co and Mo.

Another point that stands out shows
that when Bradyrhizobium was inoculated with
Azospirillum (COIN-I, COIN-II and COIN-III),
with or without the application of Co and Mo,
better results were not obtained than when using the
Bradyrhizobium alone; however, does not exclude
its potential for use. Biological nitrogen fixation
promoted by bacteria of the genus Bradyrhizobium
replaced mineral nitrogen fertilization, enabling
high grain yield in soybeans (HUNGRIA et al.,
2005), as observed in this study. Co-inoculation
with Azospirillum promotes greater root growth,
through the production of growth promoters by
these bacteria, favoring the root system of plants,
bringing benefits such as greater tolerance to
pathogens and water stress (BASHAN et al., 2004)

Table 6 - Mass of one hundred grains (100GM) as a function of Co and Mo (cobalt and molybdenum) application and methods of

inoculation with bacteria.

Co and Mo Inoculation Modes
NICN SICN SIC COIN-I COIN-II COIN-III
100GM (g)
With 17.64 aB 16.41 bC 16.23 bC 18.30 aA 17.25 aB 16.76 aC
Without 16.23 bC 17.21 aB 18.03 aA 16.30 bC 16.15 bC 16.49 aC

Means followed by the same uppercase letters in the row and lowercase letters in the column do not differ statistically from each other
by the Scott-Knott test at 5%. NICN = control (not inoculated + 20 kg of N ha™); SICN = seed inoculation with Bradyrhizobium (100
mL ha') + 20 kg of N ha'; SIC = seed inoculation with Bradyrhizobium (100 mL ha™); COIN-I = inoculation in the furrow with
Bradyrhizobium (150 mL ha™) + Azospirillum (100 mL ha™'); COIN-II = in-furrow inoculation with Bradyrhizobium (200 mL ha™) +
Azospirillum (150 mL ha™") and COIN-III = in-furrow inoculation with Bradyrhizobium (300 mL ha™) + Azospirillum (200 mL ha™).
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Table 7 - Grain yield (YIELD) as a function of Co and Mo (cobalt and molybdenum) application and bacterial inoculation modes.

Co and Mo Inoculation Mode:
NICN SICN SIC COIN-I COIN-II COIN-III
YIELD (kg ha™)
With 4478.08 aB 3927.50 bC 4921.73 aA 4892.40 aA 4614.20 aB 4898.53 aA
Without 3885.57 bB 4343.34 aA 4412.82 bA 4111.23 bB 4226.88 bA 4126.45 bB

Means followed by the same uppercase letters in the row and lowercase letters in the column do not differ statistically from each other
by the Scott-Knott test at 5%. NICN = control (not inoculated + 20 kg of N ha™); SICN = seed inoculation with Bradyrhizobium (100
mL ha™) + 20 kg of N ha™'; SIC = seed inoculation with Bradyrhizobium (100 mL ha™); COIN-I = inoculation in the furrow with
Bradyrhizobium (150 mL ha™) + Azospirillum (100 mL ha™); COIN-II = in-furrow inoculation with Bradyrhizobium (200 mL ha™') +
Azospirillum (150 mL ha™) and COIN-III = in-furrow inoculation with Bradyrhizobium (300 mL ha™") + Azospirillum (200 mL ha™).

resulting in more vigorous plants (HUNGRIA,
2011). Thus, in adverse conditions, such as dry
spells or greater pressure from pathogens, which
expose the plant to a higher level of stress, the
use of bacteria could be a favorable factor for the
development of the crop. This condition was not
encountered during the conduct of the experiment,
but they are relatively common.

The applicability of the results of this study
must undergo further confirmation since the research
was carried out in just one year and one location due
to COVID-19 pandemic and subsequent lockdown
measures. Despite this restriction, the research showed
that soybean producers may have two conditions for
the use of these inputs. For years with more stable
climate forecasts and less risk of disease pressure,

producers could use only inoculation of soybean
seeds with Bradyrhizobium and application of Co and
Mo. But in years of greater risk, soybean producers
could enhance this process with co-inoculation.

The use of N together with inoculation
with Bradyrhizobium had a positive effect only for
height of insertion of the first pod. For all other
variables it was unfavorable, as was also observed
by ZUFFO et al. (2019). In terms of grain yield, it
was observed that the use of inoculation without N
resulted in 20.0% higher values when compared to
the use with N. This fact favors the producer because
in addition to the direct savings with the use of the
mineral, it also brings environmental advantages,
reducing risks of contamination of water bodies and
emission of greenhouse gases.
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Figure 1 - Rainfall data and maximum and minimum air temperature. Chapadao do Sul,
MS, Brazil, 2018/19.

Ciéncia Rural, v.53, n.7, 2023.



3 Barbosa et al.

Although, abundant in the literature, the
effects of inoculation and co-inoculation of bacteria
of the genera Bradyrhizobium and Azospirillum, and
the use of Co and Mo, are still inconsistent, and it is
important that future research consolidate the use of
this technology, aiming to increase grain yield.

CONCLUSION

With the study carried out in only one
place and one year, it was possible to verify that
inoculation with  Bradyrhizobium  japonicum
associated with Azospirillum brasilense co-
inoculation via foliar and Co and Mo, provides
increments in the number of pods per plant,
number of grains per pod and weight of 100 grains,
reflecting increases in soybean grain yield.
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