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SOYBEAN CULTIVATION IN A CROP-LIVESTOCK SYSTEM WITH Azospirillum
brasilense INOCULATION!

MARCOS DA SILVA BRUM?, THOMAS NEWTON MARTIN?**, VINICIUS SANTOS DA CUNHA?, LUIZ
FERNANDO TELEKEN GRANDO?, ALEX TAGLIAPIETRA SCHONELL?

ABSTRACT - The objective of this study was to evaluate the phytomorphological parameters of soybean in a
crop-livestock system inoculated with Azospirillum brasilense. The experiment was conducted in Santa Maria,
Brazil, for two agricultural years (2012/2013 and 2013/2014) in a randomized complete block design with three
replications. In the winter, the black oat and ryegrass pasture was managed with sheep under different grazing
systems: (I) — a conventional grazing (CG) system, where the animals remained in the pasture throughout the
experimental period without any pasture height control; (II, III, and IV) — systems with post-grazing pasture
heights of 10, 20, and 30 cm, respectively; and (NG) — one control without grazing. All treatments received two
nitrogen doses (50 and 100 kg ha™) and inoculation or no inoculation (4. brasilense). The soybean cultivar
BMX Poténcia RR was sown using no-tillage on 16 November 2012 and 1 December 2013. In each plot, seven
rows of plants with spacing of 0.45 m were used, and in four rows, the seeds were inoculated with the
bacterium A. brasilense. The phytomorphological variables and grain productivity were evaluated. In a crop-
livestock system, soybean has better productivity when established on black oat and ryegrass pasture managed
with post-grazing pasture heights of between 20 and 30 cm. Areas under conventional grazing in the winter led
to smaller soybean plants with lower first and last pod heights. Inoculation with 4. brasilense should not be
used alone in soybean cultivation.

Keywords: Glycine max. Nitrogen. Grazing. Growth promoters.

CULTURA DA SOJA EM INTEGRACAO LAVOURA-PECUARIA E INOCULACAO DE Azospirillum
brasilense

RESUMO - Objetivou-se com este trabalho avaliar os parametros fitomorfologicos da cultura da soja em um
sistema de integragdo lavoura-pecudria e inoculados com Azospirillum brasilense. O experimento foi conduzido
em Santa Maria, em dois agricolas (2012/2013 e 2013/2014), num delineamento experimental de blocos
casualizados, com trés repeti¢cdes. No periodo de inverno a pastagem de aveia preta e azevém foi manejada com
ovinos em diferentes sistemas de pastejo: (I) - pastejo convencional (PC), onde os animais permaneciam na
pastagem por todo o periodo experimental sem um controle da altura da pastagem, (ILIII e IV) - altura da
pastagem na saida dos animais de 10, 20 e 30 cm e uma testemunha sem pastejo (SP), trés doses de nitrogénio
(0, 50 e 100 kg ha™) e com ou sem inoculagio (Azospirillum brasilense). A semeadura da soja foi realizada em
semeadura direta em 16 de novembro de 2012 ¢ 01 de dezembro de 2013, utilizando-se a cultivar BMX
Poténcia RR. Em cada parcela, se utilizou sete fileiras de plantas com espacamento de 0,45 m, sendo que em
quatro fileiras as sementes foram inoculadas com a bactéria Azospirillum brasilense. Foram avaliadas varidveis
fitomorfoldgicas e a produtividade de graos. Em sistema de integragdo lavoura-pecuaria a cultura da soja possui
melhores produtividades quando estabelecida sobre pastagem de aveia preta e azevém manejadas com alturas
de pastejo entre 20 e 30 cm. As areas sob pastejo convencional no inverno proporcionam plantas de soja
menores, com menores inser¢oes de primeira e ultima vagem. A inoculagdo com Azospirillum brasilense nao
deve ser usada isoladamente na cultura da soja.

Palavras-chave: Glycine max. Nitrogénio. Pastejo. Promotores de crescimento.
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INTRODUCTION

Soybean expansion in the state of Rio Grande
do Sul, Brazil, is increasing, especially in areas
formerly used for cultivating rice and raising beef
cattle. The increase in the cultivated area was 7% in
the last harvest (2013/2014) relative to the previous
year (CONAB, 2014). With the use of legumes such
as soybean, the system benefits because the
decomposition of the soybean straw releases
nutrients, especially nitrogen, allowing the rotation
of crops and improving aspects related to the
phytosanitary management and soil fertility (ARF et
al., 1999).

However, soybean cultivation in areas under a
crop-livestock system is highly discussed; a main
obstacle consists of issues related to soil physics and
soil  compaction (SPERA et al, 2004,
LANZANOVA et al., 2007), mainly in the surface
soil layer (until 5 cm in depth). Therefore, it is
necessary to understand how much residual forage
biomass should remain on the soil post-grazing
without compromising the productivity of the system
(LUNARDI et al., 2008; LOPES et al., 2009) and
what this would represent in terms of grazing height
management. In the case of soybean, biological
fixation supplies all nitrogen demand through the
plant’s interaction with Bradyrhizobium bacteria
(HUNGRIA et al., 2005), generating annual savings
of approximately US $7 million in nitrogen
fertilizers (HUNGRIA; NOGUEIRA; ARAUIJO,
2013), preserving the production environment, and
avoiding water table contamination.

Another group of microorganisms are the
associative bacteria, capable of promoting plant
growth by various biological processes; this group
includes  the  Azospirillum  genus.  These
microorganisms can promote plant growth through
several biological processes including biological
nitrogen fixation in grasses (ASHRAF; RASSOL;
MIRZA, 2011); the production of phytohormones
such as indole acetic acid (KUSS et al., 2007);
induction of plant resistance to diseases (CORREA
et al., 2008); improvements in photosynthetic
parameters such as chlorophyll content and stomatal
conductance (BARASSI et al., 2008); and greater
radicular root system development (BASHAN;
HOLGUIN; DE-BASHAN, 2004), which results in a
higher potential for the absorption of water and
nutrients, making the plants less susceptible to
periods of stress (STEENHOUDT;
VANDERLEYDEN, 2000).

In soybean cultivation, some results showed
the feasibility of wusing A. brasilense when
co-inoculated with  Bradyrhizobium  japonicum
(HUNGRIA; NOGUEIRA; ARAUJO, 2013),
indicating that inoculants can be used in a wide
range of agricultural systems, replacing the
application of mineral nitrogen. However, the
practical application of inoculation with A4.

brasilense is still an unknown because of the
inconsistency of the results (BALDANI; BALDANI,
2005), and studies on the isolated application of A.
brasilense inoculation are limited or nonexistent.

The objective of this study was to evaluate the
phytomorphological ~ parameters of  soybean
cultivated in a crop-livestock integration system and
inoculated with A. brasilense.

MATERIAL AND METHODS

The experiment was conducted in two
agricultural years (2012/2013 and 2013/2014), in
Estincia Velha, Boca do Monte district, in the
municipality of Santa Maria, central region of Rio
Grande do Sul state (RS), Brazil, with geographic
coordinates 29°41'51.07"'S and 54°02'30.42""W, at an
altitude of 195 m. The climate of the region is Cfa,
which is subtropical humid according to the Kdppen
classification (NIMER, 1989). The area used was
approximately 0.36 ha in a crop-livestock system,
with pasture formed by the intercropping of black oat
and ryegrass in the winter with soybean cultivation
in the summer.

The soil of the experimental site is classified
as sandy dystrophic Red Argisol (EMBRAPA,
2006), and its chemical analysis yielded the
following results: pH (CaCl,) = 4.10; organic
matter [OM] (g dm™) = 21.44; P (mg dm™) = 1.79;
K (cmolc dm™) = 0.80; Cu (mg dm™) = 1.19;
Fe (mg dm™) = 175.78; Zn (mg dm™) = 1.36;
Mn (mg dm™) = 118.23; A" (cmolc dm™) = 0.96;
H+Al (cmolc dm™) = 6.21; Ca (cmolc dm™) = 1.82;
Mg (cmolc dm™) = 1.13; SMP index = 5.70; base
sum [BS] (cmolc dm™) = 3.75; V (%) = 37.65; and
Al Sat. (%) =20.38.

In the crop-livestock system established in the
winter (black oat and ryegrass), the following
management practices were used: (I) - conventional
grazing (CG), where the animals remained in the
pasture throughout the experimental period without
any grazing height control; (II) — post-grazing
pasture height of 30 cm (A30); (IIT) - post-grazing
pasture height of 20 cm (A20); (IV) post-grazing
pasture height of 10 cm (A10); and (V) - no grazing
(NG). The animals used for grazing were Corriedale
sheep with a mean age of 1 year; five sheep were
used per experimental unit. For nitrogen fertilization
management, the experimental units were managed
as follows: without nitrogen fertilization; 50 kg of
nitrogen ha™', and 100 kg of nitrogen ha™.

The summer experiment was established over
the winter experimental plots, and each plot
measured 4 x 4 m. The experiment was carried out
according to the randomized block design with three
replicates. The treatments consisted of soybean (with
and without inoculation of 4. brasilense) sown on
the plots under the winter management previously
described.
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Sowing was carried out using no-tillage on 16
November 2012 and 1 December 2013. The cultivar
BMX Poténcia RR was used. For soybean
cultivation, seven rows with 0.45-m spacing between
rows and a density of 350,000 plants ha™ was used,
and in four rows, the seeds were inoculated with the
A. brasilense bacterium (strains Abv5 and Abv6), at
a concentration of 2 x 10* colony forming units per
mL of product, where 5 mL of the liquid inoculant
was used per kilogram of seed; seed inoculation was
not performed in three rows. Bradyrhizobium
inoculation was not used. Base dressing was
performed with 350 kg ha' of 05-20-20 NPK
fertilizer. The other crop treatments were applied
according to the technical recommendations for
soybean.

In the two agricultural years, the heights of
insertion of the first pod (FPH) and the last pod
(LPH) were measured in five plants harvested at
random from each plot. Of these five plants, the
number of pods per plant (NPP), number of grains
per pod (NGP), and weight of the grains were
determined to calculate the one-thousand grain
weight (TGW). To evaluate productivity, the plants
were harvested manually from three rows measuring
2 m in length; these plants were threshed with a
thresher, the grains were weighed, and the values
corrected to 13% moisture and expressed in kg ha™.
Subsequently, the TGW was estimated, and the data
are expressed in grams, corrected to 13% moisture.

The data were subjected to analysis of
variance, and when significant, the Duncan test was
used to compare means; a 5% probability level was
adopted. The statistical software SOC was used for
the analyses (EMBRAPA, 1997).

RESULTS AND DISCUSSION

In the agricultural year of 2012/2013, no
interaction occurred with the variables FPH, LPH,
NGP, and TGW, making a study necessary of the
main effects of each treatment (Table 1 and Table 2).
In 2012, the residual forage weights were 3,287,
2,247, 2,088, 1,723, and 1,186 kg of dry matter
(DM) ha™' for the NG, 30-cm, 20-cm, 10-cm, and CG
treatments, respectively. In 2013, the residual forage
weights were 4,146, 2414, 2,252, 1,277, and
1,182 kg DM ha™' for the NG, 30-cm, 20-cm, 10-cm,
and CG treatments, respectively. In a continuous
grazing system, Lopes et al. (2009) and Silva et al.
(2014) evaluated different grazing heights (10, 20,
30, and 40 cm and no grazing) in black oats and
ryegrass and did not find differences in the soybean
productivity. In turn, Lunardi et al. (2008) found that
soybean productivity was higher when using low
grazing intensity with lambs and that the continuous
or rotational grazing method is not a determinant of
productivity.

FPH was lower when the pasture was

managed with CG, which was also found for LPH.
This result can be explained because intense grazing
maintains a low leaf area index that results in lower
shoot (BALBINOT JUNIOR et al., 2009) and root
biomass production in forage plants, which can limit
nutrient absorption, water infiltration into the soil,
gas exchange, and, consequently, the development of
the successor crop. This yield component has a
strong influence on the productivity because the
lower the insertion height of the pod, the greater the
mechanical losses at the time of harvest, as the
cutting platform of the harvester acts at a minimum
height from the surface (NEPOMUCENO et al.,
2007). The LPH is related to the height of the plants;
therefore, in the CG treatment, the soybean plants
were shorter, which is explained by the animal
management method—the animals remained longer
in these plots, which may have altered the soil
physical attributes—and by the smaller residual
forage mass of this treatment, which is not
recommended when using the no-tillage system
(NICOLOSO; LANZANOVA; LOVATO, 2006).

In the agricultural year 2013/2014, double
interactions (grazing management vs. N doses in the
pasture, grazing management x inoculation, and N
doses in the pasture x inoculation) were tested for
FPH (Table 1 and Table 2). For the grazing
management factor, the plants in the NG treatment
had higher FPH and LPH values and consequently
were taller plants. The environmental conditions
under which the experiment was conducted impaired
crop development, and soon after sowing, a period of
drought occurred. The effects of the changes caused
by animal trampling on the soil physical attributes
makes them detrimental to the development of the
summer crop; these effects were enhanced by the
water restriction condition (FLORES et al., 2007).
Therefore, under the no-grazing treatment (absence
of animals), the residual forage mass was greater,
favoring the maintenance of soil moisture for a
longer period of time. However, this was not
reflected in the grain productivity values, as soybean
has compensation mechanisms (ANDRADE;
ABBATE, 2005), i.e., shorter plants with more
branches, which increases the number of pods per
plant and consequently the productivity.

As for the residual nitrogen effect on the
pasture, no standard response was observed in the
FPH values, as they varied according to the type of
grazing management and inoculation applied. For
LPH, when the seeds were inoculated with A.
brasilense, a residual effect of the nitrogen applied to
the pasture was observed; that is, the values of the
LPH were higher when 50 and 100 kg of N ha™' were
used. For the factor of seed inoculation with 4.
brasilense, the FPH and LPH values were not
different or were lower when using inoculation, and
this response varied according to the grazing
managements and N doses applied. The absence of
positive results from the inoculation can be explained
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by the soil chemical characteristics at the
experimental site, since this type of microorganism
displays higher growth at pH values between 7 and 8
(RAHMAN et al., 2006), and by the fact that the area
had already been cultivated with soybean in previous
years and consequently has a population of soil
microorganisms specific to the crop, leading to
competition for space and nutrient substrate with
Azospirillum, making its association with soybean
plants difficult. In previously cultivated soils,
existing Bradyrhizobium populations have efficient
strains in adequate numbers that are highly
competitive for infection sites. Therefore, the
response to seed inoculation is only observed in new
areas of soybean cultivation (BARBARO et al.,
2009).

In the agricultural year 2012/2013, the NGP
was lower in the non-grazed areas (NG), which did
not reflect the grain productivity, as the NPP in this
treatment was equal to or higher than the other
treatments (Table 1 and Table 2). In the agricultural
year 2013/2014, the NGP did not differ between
treatments, and the mean value was 2.33 grains per
pod. Among the grain yield components, the NGP is
the one that presents the lowest variation among the
different cultivation situations, demonstrating the
stability of cultivars (MUNDSTOCK; THOMAS,
2005).

The TGW did not differ among treatments in
the agricultural year 2012/2013, and the mean value
was 139.66 g. For the agricultural year 2013/2014,
no interaction occurred between the treatments for
TGW, and for the grazing management factor, higher
soybean TGW values were observed in the NG,
30-cm, and CG treatments, with smaller values
observed for the 10-cm and 20-cm treatments. With
this result, when greater residual forage mass (NG)
or lower residual forage mass (CG) was observed,
grain filling was not affected. By contrast, Lunardi et
al. (2008) found the highest TGW values in areas
grazed in the winter, with values of 136.1 g. No
residual effect was observed from the nitrogen
applied to the pasture on TGW.

The NPP is the yield component that is most
affected by the different management practices.
However, soybean displays high plasticity (SILVA
et al., 2014); that is, it can adapt to environmental
and management conditions through changes in plant
morphology and yield components. A residual effect
of the nitrogen applied to the pasture was observed
on the NPP in the CG treatment, which had higher
NPP values when 100 kg of N ha™ was applied,
unlike the NG treatment, which had lower NPP
values. The explanation for this result is that the
greater residual forage mass of the NG treatment
probably immobilized a greater amount of nutrients
than in grazed areas, where forage is transformed
into urine and feces, accelerating the nutrients
cycling in the system (LUNARDI et al., 2008). The
transfer of N from the pasture via animal urine and

feces to the successor crop decreased the effects of
nutrient immobilization in the straw, favoring N
recycling in the system.

The grain productivity results did not show a
standard pattern from the applied treatments and
depended on the environmental conditions of each
agricultural year. In the agricultural year of
2012/2013, soybean productivity did not vary
according to the grazing management (Table 2).
Notably, in this agricultural year, the climatic
conditions were favorable for soybean growth.
Similar results were found by Silva et al. (2014), as
different grazing heights with cattle in a continuous
grazing system had no effect on the productivity of
soybeans grown in succession. This result was
attributed to the favorable climatic conditions and to
soybean being a hardy crop that displays some
plasticity to adapt to different grazing strategies
during the winter, provided that the soil quality is not
severely reduced.

In the agricultural year of 2013/2014, the
grain productivity was higher in areas where the
grazing was less intense (20 and 30 cm) and in areas
that were not grazed (NG). Notably, in the
agricultural year of 2013/2014, a drought occurred
shortly after soybean sowing, and soybean yields
were lower compared to those of 2012/2013. Where
greater residual forage mass was observed, the soil
moisture was assumed to have been maintained for a
longer time, thereby favoring crop development.
Lopes et al. (2009) emphasized that the lower soil
cover in the treatments with lower post-grazing
pasture height not only causes lower soil moisture
but also allows a greater weed infestation. These
results corroborate those found by Nicoloso,
Lanzanova, and Lovato (2006), who obtained
reduced soybean grain productivity with increased
cattle grazing frequency under black oat and ryegrass
pasture, and the 14-day interval between each
grazing reduced the soybean productivity by more
than 780 kg ha™ relative to the treatment not grazed
in the winter. In turn, Lunardi et al. (2008), even
under a water deficit condition, found higher NPP
values in areas that were grazed, and the combination
of NPP and TGW determined 32.5% higher yield in
these areas, indicating that the presence of grazing by
lambs in ryegrass in a crop-livestock system favored
soybean yield.

As for the residual effect of the nitrogen
applied to the pasture, no standard response in
soybean productivity was observed. Nitrogen in the
form of ammonium (NH,") derived from mineral
fertilizer formulations is preferentially absorbed by
the plants along with nitrate (NO;). Ammonium
interferes in the development and survival of soil
bacteria, impairing the functioning of the bacterial
nitrogenase complex and reducing biological
nitrogen fixation, which is a natural process in
soybean cultivation (RUDNICK et al., 1997).
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Table 1. Height of first pod insertion (HFPI, cm), height of insertion of the last pod (HILP, cm), number of grains per pod
(NGP) and mass of one thousand grains (MTG, g) Crop-livestock.

Soybean 2012/2013
HFPI HILP NGP MTG
WG 12.82 bc* 76.25 a 225 Db Average 139.66
30 cm 14 a 7542 a 232 a CV (%) 6.71
Crop-livestock 20 cm 13.42 abc 73.67 a 234 a
10 cm 13.75 ab 7536 a 238 a
PC 1249 ¢ 68.45 b 235 a
0 kg ha'! 13.18 73.34 2.34
N na pastagem 50 kgha ! 13.4 74.69 2.33
100 kg ha™! 13.31 73.46 2.31
. With Azospirillum 13.17 74.21 2.33
Inoculation .
(soybean) Without 13.42 73.45 232
Azospirillum
Soybean 2013/2014
Height of insertion of the last pod (HILP)
Grazing management
PC 30 cm 20 cm 10 cm SP
N na pastagem 0 kg ha'! 8.85ab D 11.89 BC 12.99 AB 10.31aCD 1443b A
50 kg ha™! 7.14bD 10.25C 1452 B 8.17bD 16.57a A
100 kg ha™! 9.44aC 10.19C 13.05B 9.02 ab C 15.85ab A
Inoculation With Azospirillum 834D 10.07 C 13.08 B 7.61bD 15.81 A
(soybean) Without Azospirillum ~ 8.61 C 1148 B 13.96 A 10.72 a B 1542 A
N on pasture 0 kg ha! 50 kg ha™! 100 kg ha™!
. With Azospirillum 10.73 b 10.51b 11.7
Inoculation .
(soybean) Without 12.652 12.14 2 11.32
Azospirillum
Height of insertion of the last pod (HILP)
Grazing management
N on pasture PC 30 cm 20 cm 10 cm SP
0 kg ha'! 59.11aD 70.67 BC 74.95 AB 65.07C 78.52b A
50 kg ha™! 50.88bD 69.77 BC 73.77 AB 66.5C 87.93aA
100 kg ha™ 57.68 aD 69.84 B 76.73 A 63.45C 81.66 b A
N on pasture 0 kg ha™! 50 kg ha™! 100 kg ha!
. With Azospirillum 65.09b B 66.05b AB 69.06 A
Inoculation Without
(soybean) Azospirillum 74.24 a 73.50 a 70.68
Mass of one thousand grains (g)
Grazing management N on pasture Number of grains per pod (NGP)
PC 126.88 ab 0 kg ha’! 125.5 Average 2.33
30 cm 128.90 ab 50 kg ha™! 127.28 CV (%) 7.22
20 cm 124370 100 kg ha™ 128.2
10 cm 122470 With Azospirillum 122.00 b
SP+ 13234 a Without Azospirillum 131.99 a

+ Continuos grassing (CG), Without grassing (WG).

Soybean grain productivity was similar or
higher in treatments where no inoculation with A.
brasilense was used. Similar results were found by
Barbaro et al. (2009), where the co-inoculation of A.
brasilense with Bradyrhizobium did not promote an
increase in most of the parameters evaluated,
especially in soybean productivity when soybeans
were cultivated in an area already established with
the crop. Factors such as soil moisture and fertility
and the interaction of A. brasilense with other soil

microorganisms and primarily with the plant lead to
the production of different substances in the A.
brasilense exudates due to the inoculates’ intrinsic
genetic characteristics and can explain the inferior
results of the inoculation with A. brasilense. Another
explanation is that, under conditions of low N levels
in the soil, the association with the bacterium A.
brasilense can represent a high cost for the plant,
since these bacteria are extremely dependent on the
carbon sources made available by the plant and all
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the factors that influence the bacteria associated with
it (BALDANI; BALDANI, 2005). A. brasilense
cannot compete with the native Bradyrhizobium
bacteria, as the bacteria are probably superior
competitors, causing competition with soybean.

The results suggest that the presence of sheep
grazing at moderate intensities does not affect the
subsequent cultivation of the soybean, thus
increasing the income of the producer, who has the

opportunity to use the areas during the off-season. 4.
brasilense inoculation in soybean alone was not an
efficient practice for productivity increases, which
suggests that more experiments should be conducted
under different management conditions and with
more cultivars, since the perfect association between
plant and Dbacterium is dependent on the
environmental and soil conditions and on the
interaction between the microorganism and the host.

Table 2. Number of pods per plant (NPP) and grain yield (kg ha™) of soybean crop in crop-livestock integration system.

Soja 2012/2013

Grazing management

N on Pasture CG+ 30 cm 20 cm 10 cm SP
0 kg ha' **361.5 BC 5791 C* a7875aA a72.98 a AB a 80.6 A
W?ﬂ.l 50 kgha ! a90.05aA 579B B5745B ap 62.1 B a86.5A
Azospirillum
100 kg ha™ a85.15aA 559aB a834laA B54.1B B65.15B
0kgha' 5093 B 48.55B 46.8b B f50.00bB a80.5A
Wlthqut 50kgha™! B5583bB 48.05B 56.85B 0 68.96 A af 74.86 A
Azospirillum
100 kg ha™ a7025bA 437bC 50.7b BC B 54.8 BC B 63.15 AB

Soybean Grain Productivity (kg ha™)

Okgha'  «3171.65 AB 3023.88 AB 2771.02bB 302833 AB ap 3261.58 A
With Azospirillum  50kgha™  «3106.58 3075.5 2992.42 2945.11b B2843.02b
100 kgha' B 2452.10bC 293538bB  2835.66 CB 3065.94 AB 03382.48 A
0kgha'! 2912.04 B 335922 A «347324aA  of207.82AB  B284336B
Without S0kgha™  3236.15AB 33523AB  B294591B  a351748aA  03478.45aA
Azospirillum
100kgha!  3055.04aAB  3510.81aA aB3128.72AB  B3013.03B 0 3387.71 AB
Soybean 2013/2014
Number of pods per plant
0 kg ha 09645 A 85.65AB  «89.06 A 81.7 AB B70.73 B
With dzospirillum 50 kg ha B6421bC  9785aA  P70.63C 90.55b AB B 77.16 BC
100 kg ha'! B71.7B 86.18 AB  ap 81.33b AB 84.26 AB @94 A
_ 0 kg ha' 86.61 AB  91.2 AB @99.43 A B 93.96 AB 76.7B
Without 50 kg ha! 9343aB  77.11bB  B78.6B @ 11598 a A 80.56 B
Azospirillum
100 kg ha'! 774B 7726B 0 1055aA B80.83 B 829B
Soybean Grain Productivity (kg ha™)
Okgha' 1897 ABC  2269.52 A 2173.92bAB  B1639.9C P 1816.39bBC
With Azospirillum 50 kgha' B 1089.24bB  2243.07 A 2487.63 A 0208274 A 233577 A
100kgha!  «2131.27 2163.51b 2331.76 a ap 2028.62 @2227.72
_ 0 kg ha 1991.18 BC 226522 AB  02584.70a A 1788.05C  2461.06a A
Without 50kgha'  2177.66a 2433.69 @2212.59 2048.95 2332.52
Azospirillum
100kgha’ 225861 AB  2572.99aA P1771.14bC 2073.7BC  2431.56 AB

*Distinct upper case letters and lower case distinct letters in column treatments differ by 5% probability by Duncan test.
**Separate Greek letters in the column represent the difference between the nitrogen doses within each level of inoculation

and grazing management. + Continuos grassing.
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CONCLUSION

Soybean yields are greater in a crop-livestock
system when established under black oat and
ryegrass pasture managed with post-grazing heights
between 20 and 30 cm. Areas under conventional
winter grazing led to smaller soybean plants with
lower first and last pod heights. Inoculation with A.
brasilense alone is not indicated for soybean
cultivation.

ACKNOWLEDGEMENTS

The authors thank the the National Council
for Scientific and Technological Development
(CNPq), the Coordination for the Improvement of
Higher Education Personnel (Capes) for their
financial and research scholarship.

REFERENCIAS

ANDRADE, F. H.; ABBATE, P. E. Response of
maize and soybean to variability in stand uniformity.
Agronomy Journal, Madison, v. 97, n. 4, p. 1263-
1269, 2005.

ARF, O. et al. Efeito da rotagdo de -culturas,
adubagdo verde e nitrogenada sobre o rendimento do
feijdo. Pesquisa Agropecuaria Brasileira, Brasilia,
v. 34,n. 11, p. 2029-2036, 1999.

ASHRAF, M. A.; RASOOL M.; MIRZA, M. S.
Nitrogen fixation and indole acetic acid production
potential of bacteria isolated from rhizosphere of
sugarcane (Saccharum officinarum L.). Advances in
Biological Research, Dubai, v. 5, n. 6, p. 348-355,
2011.

BALBINOT JUNIOR, A. A. et al. Integracdo
lavoura-pecudria: intensificacdo de uso de dareas
agricolas. Ciéncia Rural, Santa Maria, v. 39, n. 6, p.
1925-1933, 2009.

BALDANI, J. I.; BALDANI, V. L. D. History on the
biological nitrogen fixation research in graminaceous
plants: special emphasis on the Brazilian experience.
Anais da Academia Brasileira de Ciéncias, Rio de
Janeiro, v. 77, n. 3, p. 549-579, 2005.

BARASSI, C. A. et al. Potencialidad de Azospirillum
en optimizer el crecimiento vegetal bajo condiciones
adversas. In: CASSAN, F. D.; GARCIA DE
SALAMONE, 1. (Eds.). Azospirillum sp.: cell
physiology, plant interactions and agronomic
research in Argentina. Argentina: Asociacion
Argentina de Microbiologia, 2008. v. 1, cap. 3, p. 49-
59.

BARBARO, I. M. et al. Produtividade da soja em
resposta a inoculagdo padrdo e co-inoculagdo.
Colloquium Agrariae, Presidente Prudente, v. 5, n.
1, p. 1-7, 2009.

BASHAN, Y.; HOLGUIN, G.; DE-BASHAN, L. E.
Azospirillum-plant relations physiological,
molecular, agricultural, and environmental advances
(1997-2003). Canadian Journal of Microbiology,
Ottawa, v. 50, n. 8, p. 521-577, 2004.

COMPANHIA NACIONAL DE
ABASTECIMENTO — CONAB. Séries historicas.
Disponivel em: <http://www.conab.gov.br/>. Acesso
em: 03 dez. 2014.

CORREA, O. S. et al. Azospirillum brasilense-plant
genotype interactions modify tomato response to
bacterial diseases, and root and foliar microbial
communities. In: CASSAN, F. D.; GARCIA DE
SALAMONE, 1. (Eds.). Azospirillum sp.: cell
physiology, plant interactions and agronomic
research in Argentina. Argentina: Asociacion
Argentina de Microbiologia, 2008. v. 1, cap. 5, p. 87-
95.

EMPRESA  BRASILEIRA DE  PESQUISA
AGROPECUARIA - EMBRAPA. Ambiente de
software NTIA, versio 4.2.2: manual do usuario -
ferramental estatistico. 1. ed. Campinas, SP:
CNPTIA, 1997. 258 p.

EMPRESA  BRASILEIRA DE  PESQUISA
AGROPECUARIA - EMBRAPA. Centro Nacional
e Pesquisa em Solos. Sistema brasileiro de
classificaciio de solos. 2. ed. Brasilia, DF: 2006. 306

p.

FLORES, J. P. C. et al. Atributos fisicos do solo e
rendimento de soja em sistema plantio direto em
integracdo lavoura-pecuaria com diferentes pressdes
de pastejo. Revista Brasileira de Ciéncia do Solo,
Vigosa, v. 31, n. 4, p. 771-780. 2007.

HUNGRIA, M.; NOGUEIRA, M. A.; ARAUJO, R.
S. Co-inoculation of soybeans and common beans
with rhizobia and azospirilla: strategies to improve
sustainability. Biology and Fertility of Soils, Berlin,
v.49,n.7, p. 791-801, 2013.

HUNGRIA, M. et al. The importance of nitrogen
fixation to soybean cropping in South America. In:
WERNER, D.; NEWTON, W. E. (Eds.). Nitrogen
fixation in agriculture, forestry, ecology and the
environment. Springer, Dordrecht, Amsterdam,
2005. v. 4, cap. 3, p. 25-42.

KUSS, A. V. et al. Fixacdo de nitrogénio e producao
de acido indolacético in vitro por Dbactérias
diazotroficas endofiticas. Pesquisa Agropecuaria

Rev. Caatinga, Mossoro, v. 31, n. 1, p. 1 — 8§, jan. — mar., 2018 7


http://www.idosi.org/abr/abr.htm
http://www.idosi.org/abr/abr.htm
http://www.conab.gov.br/
https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CC0QFjAC&url=https%3A%2F%2Fwww.editorialmanager.com%2Fbfso&ei=ZEbBVP_sD_iJsQSql4DwDg&usg=AFQjCNFXyu-1Nd2PtVTruxpm0yVr9Z58Hg&bvm=bv.83829542,d.cWc

SOYBEAN CULTIVATION IN A CROP-LIVESTOCK SYSTEM WITH Azospirillum brasilense INOCULATION

M. S. BRUM et al.

Brasileira, Brasilia, v. 42, n. 10, p. 1459-1465,
2007.

LANZANOVA, M. E. et al. Atributos fisicos do solo
em sistema de integracdo lavoura-pecuaria sob
plantio direto. Revista Brasileira de Ciéncia do
Solo, Vicosa, v. 31, n. 1, p. 1131-1140, 2007.

LOPES, M. L. T. et al. Sistema de integragio lavoura
-pecuaria: efeito do manejo da altura em pastagem de
aveia preta e azevém anual sobre o rendimento da
cultura da soja. Ciéncia Rural, Santa Maria, v. 39, n.
5, p. 1499-1506, 2009.

LUNARDI, R. et al. Rendimento de soja em sistema
de integracdo lavoura-pecudria: efeito de métodos e
intensidades de pastejo. Ciéncia Rural, Santa Maria,
v. 38, n. 3, p. 795-801, 2008.

MUNDSTOCK, C. M.; THOMAS, A. L. Soja:
Fatores que afetam o crescimento e o rendimento dos
grdos. 1. ed. Porto Alegre, RS: UFRGS, 2005. 31 p.

NEPOMUCENO, M. et al. Periodos de interferéncia
das plantas daninhas na cultura da soja nos sistemas
de semeadura direta e convencional. Planta
Daninha, Vigosa, v. 25, n. 1, p. 43-50, 2007.

NICOLOSO, R. S.; LANZANOVA, M. E,;
LOVATO, T. Manejo das pastagens de inverno e
potencial produtivo de sistemas de integracdo
lavoura-pecuéria no Estado do Rio Grande do Sul.
Ciéncia Rural, Santa Maria, v. 36, n. 6, p. 1799-
1805, 2006.

NIMER, E. Climatologia do Brasil. 2. ed. Rio de
Janeiro, RJ: IBGE. 1989. 422 p.

RAHMAN, M. M. et al. Effect of some
environmental factors on the growth of Azospirillum
species isolated from saline soils of Satkhira District,
Bangladesh. Bangladesh Journal of Microbiology,
Dhaka, v. 23, n. 2, p. 145-148, 2006.

RUDNICK, P. et al. Regulation of nitrogen fixation
by ammonium in diazotrophic species of
proteobacteria. Soil Biology and Biochemistry,
Oxford, v. 29, n. 5, p. 831-841, 1997.

SILVA, F. D. et al. Pasture grazing intensity and
presence or absence of cattle dung input and its
relationships to soybean nutrition and yield in
integrated crop-livestock systems under no-till.
European Journal of Agronomy, Maidison, v. 57,
n. 1, p. 84-91, 2014.

SPERA, S. T. et al. Efeito de pastagens de inverno e
de verdo em caracteristicas fisicas de solo sob plantio
direto. Ciéncia Rural, Santa Maria, v. 36, n. 4, p.
1193-1200, 2004.

STEENHOUDT, O.; VANDERLEYDEN, .
Azospirillum, a free-living nitrogen-fixing bacterium
closely associated with grasses: genetic, biochemical
and ecological aspects. FEMS Microbiol, Oxford, v.
24, n. 4, p. 487-506, 2000.

8 Rev. Caatinga, Mossoro, v. 31, n. 1, p. 1 — 8§, jan. — mar., 2018



