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CHEMICAL AND PHYSICAL-HYDRIC CHARACTERISATION
OF A RED LATOSOL AFTER FIVE YEARS OF MANAGEMENT
DURING THE SUMMER BETWEEN-CROP SEASON®

José Fausto Guimaraes Silva(z), Eduardo da Costa Severiano(3), Katia Aparecida de Pinho
Costa®, Vinicius de Melo Benites®, Wellingthon da Silva Guimaraes Jﬁnnyor(s) & José
Carlos Bento®

SUMMARY

Agricultural production systems that include the production of mulch for no-
tillage farming and structural improvement of the soil can be considered key
measures for agricultural activity in the Cerrado region without causing
environmental degradation. In this respect, our work aimed to evaluate the chemical
and physical-hydric properties of a dystrophic Red Latosol (Oxisol) in the
municipality of Rio Verde, Goias, Brazil, under different soil management systems
in the between-crop season of soybean cultivation five years after first planting. The
following conditions were evaluated: Brachiaria brizantha cv. Marandu as a cover
crop during the between-crop season; Second crop of maize intercropped with
Brachiaria ruziziensis; Second crop of grain alone in a no-tillage system; Fallow soil
after the soybean harvest; and Forest (natural vegetation) located in an adjacent area.
Soil samples up to a depth of 40 cm were taken and used in the assessment of chemical
properties and soil structure diagnostics. The results demonstrated that the conversion
of native vegetation areas into agricultural fields altered the chemical and physical-
hydric properties of the soil at all the depths evaluated, especially up to 10 cm, due to
the activity of root systems in the soil structure. Cultivation of B. brizantha as a
cover crop during the summer between-crop season increased soil water availability,
which is important for agricultural activities in the region under study.

Index term: Brachiaria, crop succession, no-tillage, least limiting water range, water
availability.
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RESUMO: CARACTERIZACAO QUIMICA E FISICO-HIDRICA DE UM
LATOSSOLO VERMELHO, APOS CINCO ANOS DE MANEJO, NO
PERIODO DE ENTRESSAFRA DE VERAO

Sistemas de produg¢do agricola que contemplam produg¢do de palhada para o plantio
direto e que atuam na melhoria estrutural do solo podem ser considerados medidas-chave
para a atividade agricola na regido do Cerrado, sem a contrapartida da degradagdo ambiental.
Nesse sentido, este trabalho objetivou avaliar os atributos quimicos e fisico-hidricos de um
Latossolo Vermelho distréfico do municipio de Rio Verde, Goids, sob diferentes sistemas de
manejo do solo na entressafra da cultura da soja, apés cinco anos da sua implantagdo. Foram
avaliados: Brachiaria brizantha cv. Marandu como planta de cobertura na entressafra, Safrinha
de milho consorciada com Brachiaria ruziziensis, Safrinha de grdos solteira em sistema
plantio direto; Solo sob pousio, apés a colheita da soja; e Mata (Vegetag¢do Natural), situada
ao lado. Foram feitas amostragens de solo até 40 cm de profundidade, utilizadas na avaliagdo
dos atributos quimicos e no diagndstico estrutural dele. Os resultados demonstraram que
conversdo de dreas de vegetacdo nativa em campos de agricultura alterou os atributos quimicos
e fisico-hidricos do solo em todas as profundidades avaliadas, principalmente até 10 cm, em
razdo da agdo do sistema radicular sob a estrutura do solo. O cultivo de B. brizantha como
planta de cobertura no periodo de entressafra das culturas de verdo aumentou a disponibilidade
hidrica do solo, assumindo relevancia para a atividade agricola na regido em estudo.

Termos de indexagdo: Brachiaria, sucessdo de culturas, sistema plantio direto, intervalo hidrico
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étimo, disponibilidade hidrica.

INTRODUCTION

In recent decades, Brazil has established itself as
a major global agricultural power due to the
incorporation of intensive crop technologies related to
the use of inputs and the implementation of
mechanised operations in the production process, thus
enabling the expansion of the agricultural frontier into
regions hitherto marginalised, especially the Cerrado
region (Severiano et al., 2013). In this region,
Increasing economic pressure to open new agricultural
areas to produce commodities is observed because soils
with high agricultural potential overlie these lands,
such as Latossolos (Oxisol - hereinafter Latosol)
(Reatto et al., 2007).

In addition, Brazil is quickly surpassing other
countries in the production and export of food, and it
1s establishing a sustainable production system that
will help to feed a growing world population (Tollefson,
2010). Therefore, agricultural activity has been
extensively studied by several researchers, focusing
on the intensification of soil use during the between-
crop period of summer crops (Maia et al., 2014) and
on improvements in soil properties. Such systems focus
agricultural competitiveness on convergence to the
mitigation of the greenhouse effect under the low-
carbon agriculture plan with the goal of adopting
sustainable production technology in more than 25
million hectares (Cerri et al., 2012).

In this context, the no-tillage conservation system
1s important. This system is based on minimum soil
disturbance, which is restricted to the planting furrow.
The no-tillage system also makes use of crop rotation
and uses herbicides for weed control, and it involves
the formation and maintenance of mulch, which

results in slower decomposition rates and the
accumulation of organic matter on the surface.

Due to the feasibility of intercropping with forage
plant species, particularly Brachiaria (Brachiaria
(Trin.) Griseb. spp. syn. Urochloa P. Beauv. spp.)
planted during the second crop season, the no-tillage
system further stands out by providing increased
protection against erosion factors (Andrade et al., 2009)
and by maintaining soil water availability through
reduction of the evaporation of water stored in the
profile (Blainski et al., 2012).

Moreover, the flat topography makes the Cerrado
region potentially suitable for the development of
mechanised agriculture, as intensive traffic of
machinery on areas of inadequate soil moisture has
been observed. Under these conditions, the soil has
low load-bearing capacity, thus making it vulnerable
to compaction (Severiano et al., 2011).

Soil compaction has its origin in the compression
of unsaturated soil, during which bulk density
increases due to the reduction in the volume of pores
filled with air. Soil compaction is responsible for
reducing soil aeration and increasing soil resistance
to root penetration, thereby altering the availability
of oxygen, water and nutrients because their mobility
depends on the fluxes that occur in the pore space
(Silva et al., 2006; Kadzien¢ et al., 2011). Thus,
compaction can reduce crop yields by altering the
chemical, physical-hydric and even biological
properties of the soil (Magalhaes et al., 2009; Carneiro
et al., 2009; Silva et al., 2011).

Considering the importance of soybean (Glycine
max) production in global agribusiness, it is necessary
to develop management systems that include mulch
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production for no-tillage and that also act to mitigate
the harmful effects of heavy machine traffic on soil
conditions during summer cropping (Beutler et al.,
2008; Chioderoli et al., 2012), without substituting
the crops mentioned.

With the intensification of land use, crop rotation
restricted to the between-crop season, associated with
crop conservation systems may be the key to
maintaining agricultural sustainability by reducing
the pressure to open new crop areas, which thereby
increases the preservation of biodiversity in the region
(Galharte & Crestana, 2010).

Given the above, the aim of this study was to
evaluate the chemical and physical-hydric properties
of a Red Latosol of the municipality of Rio Verde, Goias,
Brazil under different soil management systems in
the between-crop season of soybean cultivation five
years after it was first planted.

MATERIALS AND METHODS

The study was conducted in areas belonging to the
“Technology Centre” (CTC) of the “Agroindustrial
Cooperative of Rural Farmers of Southwest Goias”
(Cooperativa Agroindustrial dos Produtores Rurais do
Sudoeste Goiano - COMIGO) located in the
municipality of Rio Verde, Goias (latitude 17° 45’ S,
longitude 51° 02’ W and altitude of 840 m) and in the
Laboratory of Soil Physics of the Federal Institute of
Education, Science and Technology Goiano (Instituto
Federal de Educacéo, Ciéncia e Tecnologia Goiano -
IF Goiano) at the Rio Verde Campus.

Adopting the criteria proposed by Képpen (1931),
the climate is classified as tropical savannah with
dry winters and rainy summers (Aw) with a mean
annual rainfall greater than 1,600 mm. The
veranico (unseasonable warm dry weather) climate
phenomenon occurs in the rainy season, and it
usually lasts 10 to 15 days and may eventually
extend for up to 30 days.

The experiment was conducted in a dystrophic Red
Latosol (Oxisol) according to Embrapa (2013) of oxidic-
gibsitic mineralogy (Table 1), involving different
systems of soil management and following a
randomised block design.

José Fausto Guimaraes Silva et al.

Before beginning the experiment, the area had been
used for grain production in a no-tillage system for 20
years. In 2007, the area was divided into experimental
plots (20 X 10 m), and complete soil amendment was
performed to eliminate the history of strain.
Additional details about the experimental procedures
have been described by Caetano et al. (2012).

Four management systems were evaluated during
the between-crop season of soybean cultivation, as
described in table 2.

The treatments evaluated consisted of the following
management systems during the between-crop season
of soybean cultivation:

- B. brizantha: Cultivation of Brachiaria brizantha
cv. Marandu as a cover crop (un-grazed) during the
between-crop season of soybean cultivation;

- Intercropped second crop: Second crop of maize (Zea
mays) intercropped with Brachiaria ruziziensis. After
the harvest of the second crop, the forage was managed
for mulch production (un-grazed) during the between-
crop season of soybean cultivation;

- Single second crop: Grain production in the second
crop under no-tillage. Soil under fallow after harvest
of second crop;

- Fallow: Soil under fallow after soybean harvest with
desiccation of the weed community;

- Forest: Area of natural vegetation characterised by
the physiognomy of the Cerrado savannah with thick
leaf litter and without human intervention in an
adjacent area situated 160 m from the experiment
(used as a reference).

The summer crop evaluated was sown in October
2011, approximately 30 days after desiccation of the
plots, using the Monsoy M7211 RR soybean variety
in an early cycle. In December 2011, during the
flowering of the soybean crop, soil was sampled
between the crop rows and in the centre of each plot
at the depths of 0-5, 5-10, 10-20, 20-30 and 30-40 cm.
An auger was used for disturbed samples, and an
Uhland sampler (cylinders with a diameter of 6.40 cm
and a height of 5.00 cm) was used for the undisturbed
samples. A total of 80 samples (four between-crop
season management systems X four plots X five depths)
were collected, as well as 20 samples in four replicates
in the forested area at the five aforementioned depths.

Table 1. Physical and chemical characterisation of the dystrophic Red Latosol cultivated under different
soil use and management systems in the between-crop season of soybean cultivation

Depth Pa® Clay® Silt Sand Si0,® AL,0, Fe,0, Ki Kr
cm kg dm? g kg!
0-20 2.66 355 67 578 87 205 63 0.72 0.60
20-40 2.65 379 62 559 92 213 78 0.73 0.60

M Pd: Particle density, determined by the volumetric flask method (Embrapa, 2011); mean of 16 repetitions. @ Determined by the
pipette method (Embrapa, 2011); mean of 16 repetitions. ® Oxide content; mean of three repetitions. Ki: molecular relationship

(Si04/Al,0,); Kr: molecular relationship SiO,/(Al, O, + Fe,0,).

R. Bras. Ci. Solo, 38:1576-1586, 2014
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Table 2. History of management in the between-crop season of soybean cultivation in a dystrophic Red

Latosol
Management system
Crop year
B. brizantha Intercropped second crop Single second crop Fallow
2007/08 Soil amendment Soil amendment Soil amendment Soil amendment
2008/09 B. brizantha Spontaneous vegetation Millet Weed community
2009/10 B. brizantha B. ruziziensis Sorghum Weed community
2010/11 Maize + B. brizantha Maize + B. ruziziensis Maize Weed community
2011/12 B. brizantha Maize + B. ruziziensis Maize Weed community

M Soil amendment through disking and incorporation of lime amendment and fertiliser by mouldboard plough to a 30 cm depth
only at the beginning of the experiment. Adapted from Caetano et al. (2012).

The undisturbed samples were wrapped in PVC
film and prepared in the laboratory. The samples were
saturated by capillarity for 48 h. The samples were
then subjected to Matric Potentials of -2, -4, -6, -33
and -1.500 kPa via drying for determination of pore
size distribution.

Subsequently, the water content of the soil was
adjusted (ranging from 0.03 to 0.40 dm? dm), and
the sample was subjected to a penetrometer test
utilising a MARCONI-MA 933 bench penetrometer
with a constant velocity of 0.1667 mm s'! and a rod
(3 mm base cone and semi-angle of 30°) equipped with
a load of 50 kgf connected to a receiver coupled to a
computer to record the readings via the proprietary
software of the equipment.

The samples were then dried in an oven at 105 °C
for 48 h to determine the bulk density (Bd) of the soil
by the volumetric ring method (Embrapa, 2011). Total
porosity (TP) was determined by equation 1:

TP =1 - (Bd/Pd)] Q)

The pore size distribution was based on equation
2, proposed by Bouma (1991):

D=40cos0/¥, @)

where D is the pore diameter (mm); o is the surface
tension of water (73.43 kPa um at 20 °C); 6 is the
contact angle between the meniscus and the capillary
tube wall (considered as 0); and ¥,, is the water
tension in the soil (kPa).

The least limiting water range (LLWR) was
determined considering the following upper limits: the
amount of soil water retained in the matric potential
of -6 kPa, considered as the field capacity (6pc), or the
amount where the air-filled porosity (6,p) is 10 %.
The lower limits were as follows: the amount of water
retained at 1,500 kPa, the permanent wilting point
(6pwp), and/or the amount of water corresponding to
the penetration resistance of 2.5 MPa (6pR) (Severiano
etal., 2011).

The disturbed soil samples were air-dried and
passed through a 2-mm sieve, thus obtaining the air-
dried fine soil. These samples were utilised to obtain
the chemical properties of the sorption complex and

organic matter in the soil according to Embrapa
(2011).

The results of the chemical and physical-hydric
properties were subjected to analysis of variance for
randomised block designs according to the statistical
model described in equation 3:

xij=m+ti+b]~+eij (3)
where x;; s the observed value in the plot that received
treatment i in block j; m is the mean of the population;
t; is the effect of treatment i applied to the plot; b; is

the effect of block j, where the plot is found; and e;; is
the effect of the factors not controlled for in the plot.

Comparisons of the means were performed using
Tukey’s test at 5 % utilising SISVAR software
(Ferreira, 2011).

RESULTS AND DISCUSSION

The largest changes in the components of the soil
sorption complex occurred up to a depth of 20 cm in
all the soybean crop systems evaluated, as shown in
table 3. This result can be attributed to greater soil
fertility compared to native forest, which was likely
due to the chemical amendments and previous
incorporation at the time of planting annual crops.
The management systems had little influence on the
chemical properties of the soil due to the absence of
soil tillage after implementation of the experiment.

The increase in the pH values and in the
concentrations of Ca and Mg reached the deeper layers
(20-30 and 30-40 cm, respectively; table 3). Consequently,
base saturation (V) had similar values of approximately
50 % up to 30 cm, which is considered adequate for
soybeans, but aluminium saturation (m) was classified
as low in all systems of soil management during the
between-crop season (Sousa & Lobato, 2004). These
results were indicative of the effect of the initial
incorporation of soil amendments by mouldboard
plough to 30 cm or even the translocation of these
nutrients into deeper layers, which was in agreement
with the results reported by Oliveira et al. (2004).

R. Bras. Ci. Solo, 38:1576-1586, 2014
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Table 3. Chemical properties and soil organic matter (SOM) content of the dystrophic Red Latosol at five
depths under different soil use and management systems during the between-crop season of soybean

cultivation
Management system Ca? Mgt AIP* H+Al P K v m SOM pH(H,0)
cmol, dm™ — mg dm™ % g dm™
0-5 cm
B. brizantha 2.80b 1.26ab 0.01b 3.32b 6.44a 104.50b 56.3 a 0.2b 28.7 a 5.1a
Intercropped second crop 3.44 a 1.36 a 0.01b 3.06b 548a 144.00a 629a 02b 28.0a 5.4 a
Single second crop 3.40 a 0.90 b 0.01b 2.79b 5.30ab 56.50 bc 62.6 a 0.2b 23.6 b 5.5a
Fallow 2.81b 0.79 b 0.01b 3.18b 4.09Db 88.50 b 55.0 a 0.3b 23.1b 5.2 a
Forest 0.13 ¢ 0.04 ¢ 1.45 a 9.02a 0.64c 47.50 ¢ 32b 823a 314 a 3.7b
5-10 cm
B. brizantha 2.94 ab 1.09 a 0.01b 3.20b 5.84Db 46.50 ab 56.1a 0.3b 25.0 a 5.3 a
Intercropped second crop 3.31 a 1.34 a 0.01b 254b 3.07c¢ 61.50a 65.6a 0.2b 22.5 a 5.6 a
Single second crop 3.11ab 0.95ab 0.01b 291b 8.04a 35.50 b 59.5 a 0.2b 21.0 a 5.6 a
Fallow 241b 0.58 b 0.01b 299b 193¢ 43.50 ab 51.2a 0.3b 20.1 a 5.3 a
Forest 0.09 ¢ 0.02 ¢ 0.96 a 6.31a 0.35d 32.50b 855b 69.5a 209a 3.9b
10-20 cm
B. brizantha 3.28 a 0.77ab  0.01 b 3.06b 547a 28.75 a 57.5a 0.2 b 23.3 a 5.4 a
Intercropped second crop 3.28 a 1.12 a 0.01b 3.04b 424ab 2850a 60.0a 02b 222a 5.5 a
Single second crop 3.21 a 0.86ab 0.01b 289b 3.67b 24.75 a 59.5 a 0.2b 20.8 ab 5.7a
Fallow 2.95 a 0.66 b 0.02b 287b 3.40Db 34.00 a 55.5 a 0.8b 20.8 ab 5.4 a
Forest 0.08 b 0.02 ¢ 0.78 a 5.47a 0.22¢c 30.00 a 109b 61.1a 16.7b 4.0b
20-30 cm
B. brizantha 2.98 a 0.63 a 0.10 b 277b 2.33a 37.00 a 57.5a 2.1b 20.7 a 5.6 a
Intercropped second crop 2.24 a 0.66 a 0.12 b 3.47ab 2.33 a 31.50a 44.8a 8.7Db 19.1ab 5.1ab
Single second crop 2.25a 0.63 a 0.12b 3.36 ab 1.72 a 24.00a 435a 10.1Db 18.5 ab 5.1 ab
Fallow 2.40 a 0.54 a 0.02b 2.83b 2.20a 41.50 a 52.4 a 09b 18.8 ab 54 a
Forest 0.11b 0.01 b 0.69 a 4.89a 0.18b 32.25 a 54b 722a 14.6 b 4.1b
30-40 cm
B. brizantha 0.80 a 0.22ab 0.14 a 3.74a 0.35a 40.25a 25.3a 158D 15.2 a 4.8 a
Intercropped second crop 0.67 a 0.26 a 0.21 a 3.80a 0.37a 20.25a 20.0a 116D 14.3 a 4.5a
Single second crop 0.72 a 0.21ab 0.20a 4.07a 0.40 a 356,50a 204a 185b 13.5a 4.5a
Fallow 0.47 a 0.13 b 0.18 a 411a 0.33a 36.50 a 14.7a 18.4b 14.5 a 4.4 a
Forest 0.08 b 0.01c 0.43 a 43la 0.23a 27.50 a 89a 435a 12.7 a 4.1 a

V: base saturation; m: Al saturation; SOM: soil organic matter. Within each depth, the means that have the same letter in the
columns do not differ from each other according to Tukey’s test (p<0.05).

However, it is important to note that in no-tillage
systems combined with maintenance of vegetation
cover, elements transported in the soil by diffusion
and organic matter tend to accumulate in the upper
soil layers, and decomposition promotes improvement
of soil fertility (Nascente et al., 2013).

Accordingly, concentrations of P and K were
observed in these upper layers, especially in systems
with Brachiaria (Table 3). These concentrations may
be due to the use of grasses with extensive root systems,
associated with the constant renewal of adventitious
roots and nutrient cycling, which reduce phosphate
adsorption by soil particles.

According to Nascente & Crusciol (2012), the use
of forage grasses of the genus Brachiaria is beneficial

R. Bras. Ci. Solo, 38:1576-1586, 2014

to farmers and interesting to researchers due to the
large amount of residues produced and because the
production system is maintained permanently alive
during the between-crop season (perennial). In
systems involving these grasses, it is suggested that
large quantities of K are taken up because of the
considerable capacity of the grasses in recycling this
nutrient, thus increasing its content in the surface
layers of cultivation (Garcia et al., 2008). This process
was evident in crops cultivated in the between-crop
season (second crop) intercropped with B. ruziziensis,
which had the highest concentrations of K in the soil
(Table 3).

For McNeill & Penfold (2009), the insertion of
species by rotation or by intercropping that are able
to use P from poorly soluble sources has been a
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successful strategy for improving P use efficiency in
production systems, which may also contribute to the
cycling of this nutrient. In this context, it would be
good to take advantage of this strategy through the
Brachiaria species used in the cropping systems
evaluated.

Due to initial preparation with the mouldboard
plough, P levels were higher in all the systems
compared to the forest up to a depth of 30 cm (Table
3). The higher P levels may be attributed to the
increased mobilisation of the soil in these systems,
which uniformly distributed the P contained in the
fertilisers applied prior to the implementation of the
experiment in the upper layer (Silveira & Stone,
2001).

At the depth of 0-5 cm, the content of soil organic
matter (SOM) in systems with Brachiaria in the
between-crop season showed similar values to those
of the forest, and higher values than those of the fallow
and single second crop systems; and the SOM content
in systems with Brachiaria in the between-crop season
showed higher values than the other systems in the
deeper layers (10-30 cm). These results agreed with
those of Nascente et al. (2013) and Schiavo et al. (2011),
who showed, in general, the potential of cultivating
Brachiaria as a soil cover crop to provide soil carbon
levels closer to those of the Cerrado vegetation.
Andrade et al. (2009) also obtained similar results with
the use of marandu grass (B. brizantha) as a cover
crop in no-tillage systems.

An increase in the P and SOM contents (Table 3)
was observed as land use in the between-crop season
intensified (fallow < single second crop < intercropped
second crop = B. brizantha), particularly up to a depth
of 20 cm. These results corroborated those found by
Jakelaitis et al. (2008), and they suggest increased
yields of summer crops due to the adoption of intensive
production systems, particularly as a result of mulch
decomposition from grasses cultivated in the between-
crop season and, consequently, the recycling of
nutrients in the soil-plant system (Pacheco et al.,
2011).

The management practices adopted in integrated
systems using Brachiaria species improve the
chemical and physical properties of the soil (Silva et
al., 2011; Chioderoli et al., 2012). In addition to
improving fertility (Table 3), the aggressiveness of the
root system of some forage plants has the potential to
recuperate the structural quality of the soil (Lima et
al., 2012b), as indicated by the physical-hydric
properties in table 4, especially with respect to the
cultivation of B. brizantha during the between-crop
season. These results demonstrated that soil use under
the study conditions promoted changes throughout
the 0-20 cm layer, but the main effects were observed
at depths up to 10 cm.

Even with the increase in Bd due to the reduction
of TP in all management systems up to 20 cm,
macropores were observed to have values higher than
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those considered to be limiting of soil functions
(0.10 dm? dm3) (Oliveira et al., 2007). Conversely, B.
brizantha decreased Bd values in the soil up to 10 cm
due to its aggressive and voluminous root system.
Management systems using B. brizantha are a viable
strategy for the improvement of soil structure in the
medium term (five years) when consolidation of the
conservation cultivation systems occurs.

These results were in agreement with those of
Flavio Neto (2012), who reported that the cultivation
of B. brizantha during the between-crop season
provides biological decompaction to the soil, increasing
water availability for the subsequent soybean crop,
and that cultivation of B. ruziziensis shows limited
potential for physical soil recovery. In the present
study, although intercropped B. ruziziensis cultivation
occurred for three previous years (Table 2), the pattern
observed was similar to that of the fallow and single
second crop systems (Table 4).

This structural improvement is an advantage of
using B brizantha in between-crop season
management, especially when the high utilisation of
B. ruziziensis for mulch formation in the Cerrado
region is considered. According to Giancotti (2012),
B. ruziziensis is suited for the implementation of a
no-tillage system because it has reduced clumping and
rapid death, thereby favouring mechanised sowing.

Table 4 shows that the macroporosity values were
inferior to the forest in all systems and depths
evaluated, except for the intercropped second crop at
the depth of 30-40 cm. When analysing the pore size
distribution, pores > 73 um highlighted the effect of
the Brachiaria species throughout the layer exploited
by the roots, which formed biopores favourable to the
subsequent crop, thus confirming results obtained by
Magalhées et al. (2009).

According to Carducci et al. (2011), the soils
overlying the Brazilian Cerrado have high drainable
porosity (> 145 um) and elevated pore volume with
extremely small diameter (< 2.9 um) and no
significant intermediate pore volume, which causes
low plant water availability. Notably, the insertion of
marandu grass increased the pore volume between 50
and 9.0 um in the surface layers (Table 4). This size
class is responsible for the retention of water readily
available to plants, which contributes to resilience of
the production system to climate risks common in
the region under study (Severiano et al., 2013).

Physical improvement of the soil shows the
importance of including forage plants in soil structure,
thus allowing the exploitation of the soil profile by the
roots into deeper layers due to increased water
availability for the crops (Chioderoli et al., 2012).
Considering that soil management promotes changes
in the soil water content, field capacity, permanent
wilting point, availability of O5 and mechanical
resistance to the root system, the LLWR of the soil
was determined (Figure 1).
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Table 4. Temporal distribution of soil bulk density (Bd) and pore size of the dystrophic Red Latosol at five
depths and under different systems of soil use and management during the between-crop season of
soybean cultivation

Pore diameter (um)

Management system Bd TP Macro Micro
> 145 145-73  73-50 50-9.0 9.0-2.9 <29
kg dm™ dm? dm
0-5 cm
B. brizantha 1.36 b 0.09 b 0.04 b 0.0la 0.08a 0.06a 0.22a 0.49 b 0.14 b 0.35 a
Intercropped second crop 1.42a 0.09b 0.03 b 0.02a 0.06b 0.04a 0.23a 0.47 b 0.13 b 0.34 a
Single second crop 1.43a 0.06c 0.02 ¢ 0.03 a 0.07ab 0.04a 024a 0.46 b 0.12b 0.34 a
Fallow 1.45a 0.06 c 0.02 ¢ 0.03a 0.06b 0.04a 024a 0.45 b 0.11b 0.34 a
Forest 1.08 ¢ 0.27 a 0.09 a 0.03 a 0.01c 0.03 b 0.17b 0.59 a 0.38 a 0.21b
5-10 cm
B. brizantha 1.34 b 0.11b 0.04 b 0.01 a 0.08 a 0.04 a 0.22 a 0.50 b 0.16 b 0.34 a
Intercropped second crop 144a 0.07c 0.04bc 0.03a 0.06b 0.04a 022a 0.46 b 0.14 b 0.32 a
Single second crop 1.40a 0.08 ¢ 0.03 ¢ 0.02a 0.07a 0.04a 0.23a 0.47 b 0.13 b 0.34 a
Fallow 1.40a 0.07c 0.03 ¢ 0.03a 0.06b 0.06a 0.23a 0.47b 0.13 b 0.34 a
Forest 1.17 ¢ 0.21 a 0.09 a 0.03 a 0.01c 0.03 b 0.19b 0.56 a 0.33 a 0.23 b
10-20 cm
B. brizantha 1.37 a 0.08 b 0.03 b 0.03 a 0.07 a 0.04 a 0.23 a 0.48 b 0.14 b 0.34 a
Intercropped second crop 1.35a 0.08Db 0.04 b 0.04a 0.07a 0.04 a 0.22ab  0.49Db 0.16 b 0.33 a
Single second crop 1.32b 0.09 b 0.04 b 0.03a 0.08a 0.04 a 0.22ab  0.50b 0.16 b 0.34 a
Fallow 1.39a 0.07b 0.04b 0.04a 0.07a 0.04a 022ab 0.48b 0.15b 0.33a
Forest 1.27b 0.14 a 0.09 a 0.04 a 0.01b 0.04 a 0.20 b 0.52 a 0.27 a 0.25 b
20-30 cm
B. brizantha 1.33 a 0.09 b 0.05Db 0.04a 0.07a 0.04a 021a 0.50a 0.18Db 0.32 a
Intercropped second crop 1.33a 0.09b 0.06 b 0.03a 0.06a 0.04a 0.22a 0.50a 0.18Db 0.32 a
Single second crop 1.33a 0.09b 0.05b 0.04a 0.06a 0.04a 0.22a 0.50a 0.18b 0.32 a
Fallow 1.33a 0.10Db 0.05b 0.04a 0.05a 0.04a 0.22a 0.50a 0.19b 0.31a
Forest 1.28 a 0.13 a 0.12 a 0.04 a 0.01Db 0.03 a 0.19 a 0.52 a 0.29 a 0.23 b
30-40 cm
B. brizantha 1.31 a 0.11a 0.07b 0.03a 0.04a 0.04a 0.22a 0.51a 021D 0.30 a
Intercropped second crop 1.28a 0.13a 0.07b 0.04a 0.04a 0.04a 020a 0.52a 0.24ab 0.28a
Single second crop 1.31a 0.12a 0.06b 004a 004a 004a 021la 0.51a 0.22b 029a
Fallow 1.32a 0.13a 0.06Db 0.03a 0.04a 0.03a 0.21a 0.50a 0.22Db 0.28 a
Forest 1.28 a 0.12 a 0.12 a 0.02 a 0.02 a 0.04 a 0.20 a 0.52 a 0.26 a 0.26 a

TP: Total porosity; Macro: Macropores; Micro: Micropores. Within each depth, the means that have the same letter in the column
are not different from one another according to Tukey’s test (p<0.05).

Analysis of the LLWR reinforced the effect of B.
ruziziensis on the soil structure. Due to its low
potential for physical recovery, the soil had lower
LLWR amplitudes for plants in the surface layers,
and the lower limit was found up to a 20 cm depth,
resulting in soil resistance to penetration at this depth
(Figure 1). This pattern was also observed in the single
second crop system, but the fallow system showed
physical limitations at a depth of 30 cm.

In regard to the cultivation of B. brizantha in the
soybean between-crop season over five years,
structural improvements were observed in the soil,
resulting in an increase of approximately 25 % in the
amplitude of the LLWR due to the reduction of soil
water content, corresponding to limiting penetration
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resistance values similar to the permanent wilting
point. Lima et al. (2012a) also showed a higher LLWR
with the cultivation of B. brizantha.

In all the between-crop season management
systems studied, it was observed that water
availability assessed using the LLWR exceeded the
forest area in the surface layer (0-20 cm), showing,
however, similar values in the deepest layers (> 20 cm),
which was consistent with the findings of Oliveira et
al. (2004). In addition, table 4 indicates that the action
of management systems with the absence of soil
disturbance occurred only on the soil surface.

These results showed that the occurrence of soil
compaction with an approximate 30 % increase in Bd
in the management systems under study, particularly
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with B. brizantha, can be characterised as beneficial
in terms of water retention, without having oxygen
limitations for plant root growth in the available water
range (Severiano et al., 2011), thus promoting further
diffusion of nutrients, particularly P (Santos et al.,
2005), due to higher soil/root contact. For the other
systems, the increase in Opc was counteracted by a
larger penetration resistence, thus resulting in no
increase in LLWR.

Under natural conditions and from a physical
standpoint, oxidic Latosols produce sub-optimal
conditions for plant growth because they have reduced
development of textural pores responsible for water
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retention processes (Vollant-Tuduri et al., 2005; Reatto
et al., 2007; Carducci et al., 2011). In addition, the
compaction of these soils is essentially an inevitable
process (Assouline et al., 1997), even under dry soil
conditions, due to their low load-bearing capacity
(Severiano et al., 2013). It is suggested that the
transformation of macropores into micropores
caused by compression of the soil may result in
increases in crop productivity, especially in drier
years (Richart et al., 2005; Beutler et al., 2008;
Freddi et al., 2009).

The presence of mulch on the soil surface from the
drying of grasses during crop rotations reduces water

Soil water content, dm” dm”
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Figure 1. Variation of soil water content (0) at different depths for the critical limits of soil resistance to
penetration (0pg), permanent wilting point (Bpwp), field capacity (8pc) and aeration porosity (65p) of the
dystrophic Red Latosol under different systems of soil use and management during the between-crop
season of soybean cultivation. LLWR: Least Limiting Water Range.
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loss by evaporation (Andrade et al., 2011), due to the
lower thermal oscillation on the surface layer
(Panachuki et al., 2011), thereby contributing to
greater water availability to crops in succession
(Braida et al., 2006; Chioderoli et al., 2012). In this
respect, the presence of mulch on the surface and the
structural improvement of the soil afforded by B.
brizantha can promote a better edaphic environment
in the soil, thus resulting in higher yield of successive
summer Crops.

Thus, when evaluating the development of
soybean cultivation during the 2011/2012 harvest,
Caetano et al. (2012) found that soybean grain yield
in the area with B. brizantha as a cover crop during
the between-crop season is approximately 26 % higher
(increase of 688 kg hal) in relation to the other
systems, which, in turn, do not differ from one
another. This result is due to the improved soil
chemistry (Table 3) and structure (Table 4; Figure
1) in this system.

Maintaining the production systems as fallow
during the between-crop season is a strategy that has
been consistently adopted by farmers in the Cerrado
region, which may compromise conservation
management of the soil. Conversely, grasses of the
genus Brachiaria have emerged as options for mulch
production for no-tillage because of their high
production of plant residues, accumulated nutrients
and chemical-bromatological composition, which is
unfavourable to decomposition (Nepomuceno et al.,
2012).

When cultivated in the between-crop season, B.
ruziziensis improved the chemical properties of the
soil due to its perennial nature and nutrient cycling
(Table 3). As a function of its prostrated growth and
reduced clumping, B. ruziziensis has been considered
by many Brazilian farmers as the plant cover best
suited for intercropping with grains during the
second crop. Due to its ease of drying, B. ruziziensis
can also be used as a cover crop (Machado & Assis,
2010).

Although intercropping of B. brizantha with
annual crops is also feasible (Calonego et al., 2011;
Chioderoli et al., 2012; Maia et al., 2014) in areas
cultivated with soybean varieties of late maturation
or in regions where rainfall causes a second crop to be
a risky activity, its monocrop cultivation assumes a
prominent role in integrated production systems. In
addition to amendments to soil fertility (Table 3), this
Brachiaria species improved soil structure and
increased the amplitude of LLWR, which benefited
plant water availability (Figure 1).

Therefore, it is suggested that the increased
productivity of soybeans in succession to cultivation
of B. brizantha (Caetano et al., 2012) justifies its
recommendation as an important management
strategy, with possible uses of higher doses of
desiccants to control the species in question.
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CONCLUSIONS

1. Under the study conditions, the conversion of
native vegetation areas into agricultural fields altered
the chemical properties of the soil at all depths
evaluated.

2. The major physical-hydric soil alterations
occurred up to 10 ecm of depth, due to the effects of
root systems on soil structure.

3. The cultivation of B. brizantha as a cover crop
during the between-crop season of summer crops
increased soil water availability, which is important
for agricultural activities in the Cerrado region.
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