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ABSTRACT: The areas with integrated agricultural production systems have increased considerably in recent
years in Brazil. Thus, soil physical quality studies are essential in guiding the best management to be adopted,
avoiding damages with the soil physical degradation. The aim of this study was to evaluate the physical
properties of a Red Yellow Latosol under integrated production systems in the north of Mato Grosso after four
years of implementation. The experiment was installed in January 2009 at the Technological Reference Unit
(URT) of EMBRAPA Agrossilvipastoril at Fazenda Gamada, municipality of Nova Canad do Norte, MT. The
treatments consisted of five systems of crop-livestock-forestry integration (ICLF) in the following forestry
arrangements: Eucalyptus in single line, double line and triple line (Eucalyptus I, II and III respectively), Teak
in triple line and Pau-balsa in triple line. Soil samples with preserved structure were collected in the transverse
direction of the forest species, to evaluate bulk density, soil resistance to penetration and soil porosity. There
was higher bulk density in the ICLF systems with Teak and Pau-balsa. The penetration resistance of the soil
was higher in the system with Teak in triple line. The trees density as well the forestry arrangements influence
the soil physical properties. The integrated production systems with forest component Eucalyptus provided less
physical degradation of the soil after four years of implantation. Regardless of the analyzed systems, the values
of the physical properties in general indicated that the agricultural use of the soil associated with the history of
the experimental area caused an increase of the restrictive effect to the root development of the cultures.
Keywords: bulk density, eucalyptus, soil physics, ICLF, Ochroma pyramidale, Tectona grandis.

Sistemas integrados de producdo agropecuaria no norte de mato grosso e
as propriedades fisicas do solo

RESUMO: Areas com sistemas integrados de produgdo agropecuaria (SIPA) vém aumentando
consideravelmente nos ltimos anos no Brasil. Com isso, estudos relativos a qualidade fisica do solo tém sido
essenciais na orientagdo do melhor manejo a ser adotado evitando prejuizos com a degradagéo fisica do solo.
Objetivou-se com este estudo avaliar as propriedades fisicas de um Latossolo Vermelho Amarelo sob sistemas
integrados de producdo no norte de Mato Grosso ap6s quatro anos de implantagdo. O experimento foi instalado
em janeiro de 2009 na Unidade de Referéncia Tecnoldgica (URT) da EMBRAPA Agrossilvipastoril na
Fazenda Gamada, municipio de Nova Canad do Norte, MT. Os tratamentos consistiram de cinco sistemas de
integragdo lavoura-pecudria-floresta (CLFI) nos seguintes arranjos florestais: Eucalipto em linha simples, linha
dupla e linha tripla (Eucalipto I, II e III respectivamente), Teca em linha tripla e Pau-balsa em linha tripla.
Amostras de solo com estrutura preservada foram coletadas na direcdo transversal das espécies florestais, para
avaliacdo da densidade do solo, resisténcia do solo a penetracdo e porosidade do solo. Foi observada maior
densidade do solo nos sistemas com Teca e Pau-balsa. A resisténcia a penetragdo do solo foi maior no sistema
com teca em linha tripla. A densidade de arvores assim como os arranjos florestais influem sobre as
propriedades fisicas do solo. Os sistemas integrados de produgdo com componente florestal eucalipto
proporcionaram menor degradacdo fisica do solo apds quatro anos de implantagdo. Independentemente dos
sistemas analisados, os valores das propriedades fisicas, em geral, indicaram que o uso agricola do solo
associado ao histérico de uso da area experimental provocou aumento do efeito restritivo ao desenvolvimento
radicular das culturas.

Palavras-chave: densidade do solo, eucalyptus, fisica do solo, ILPF, Ochroma pyramidale, Tectona grandis.

1. INTRODUCTION productivity without causing damage to the environment.
The agricultural production systems undergo constant These systems have expanded in Brazil and, in the 2015/16
improvements in management in order to improve harvest, represented an area of approximately 11.5 million
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hectares, about 5% of the total area under agricultural
cultivation in the country (REDE ILPF, 2017).

The implantation of trees in the middle of agricultural and
livestock areas has given rise to a new concept of an
integrated system, the ‘Agrossilvipastoril’ or Crop-Livestock-
Forestry Integration (CLFI) (BALBINO et al., 2012). The
integrated systems with Forestry component represent an
innovative advance in the integration issue and, according to
Balbino et al. (2011), it is a strategy of sustainable production
that integrates agriculture, livestock and forestry, carried out
in the same area.

In the process of installation and conduction of the CLFI
system, profound changes occur in the soil-plant dynamics,
such as greater input of organic matter by plants and animal
waste, greater nutrient cycling and less soil rotation
(BALBINO et al., 2011). In this sense, several studies with
soil microbiology, soil fertility, grass growth, tree density and
soil physics have occurred in recent years within these
systems (BENHUR et al., 2015a; BENHUR et al., 2015b;
DIEL et al., 2014; SOUZA NETO et al., 2014; ASSIS et al.,
2015; SILVA et al., 2016; NOGUEIRA et al., 2016; TONINI
et al., 2016; STONE et al., 2015; STIEVEN et al., 2014,
PACIULLO et al., 2011; OLIVEIRA et al., 2007). However,
few studies directly address the action of these systems on
soil physical properties, mainly in the inference of soil
physical quality indicators.

The study of soil physical quality has been fundamental
in the characterization of the systems and in the definition of
the best management to be adopted. In the integrated systems
of production with forest, the research has advanced in order
to characterize the best productive arrangement. However,
there is a great variability in the attributes due to the
dynamics caused by the various factors that compose the
system, such as: machinery, animals, trees, among others that
integrate at different space-time scales (MORAES et al,,
2014). Thus, undesirable changes can occur in soil structure
leading to degradation and limiting the productive potential
of these systems.

According to Assis et al. (2015), the crop-livestock-
forestry integration systems promote improvement in soil
physical quality in relation to degraded pasture. In addition,
these authors emphasize that the soil physical indicators vary
according to the sampling position in relation to the
Eucalyptus lines.

According to Souza Neto et al. (2014), the CLFI systems
can be used for sustainability, and that long-term studies with
these systems are needed to indicate better combinations of
trees, grasses and cropping systems. Moraes et al. (2014)
recalls the need for further studies in integrated systems to
detect interactions among the various biotic and abiotic
factors and new properties that emerge from these systems.

Although several studies are carried out in integration
systems demonstrating their productive potential, information
on the physical properties of the soil in different systems
under different tree densities still demand greater
understanding. The aim of this study was to evaluate the
physical properties of a Red Yellow Latosol in different
integrated production systems in the north of the State of
Mato Grosso, after four years of implantation.

2. MATERIAL AND METHODS
The research was carried out at the Technological
Reference Unit of the Brazilian Agricultural Research

Corporation  (EMBRAPA-Agrossilvipastoril), = Fazenda
Gamada, municipality of Nova Canaa do Norte, MT, Brazil.
According to the classification of Koppen, the region
presents Awi type climate, tropical rainy, with clear dry
season. The soil of the experimental area was classified
according to SiBCS (SANTOS et al., 2013) as Dystrophic
Red Yellow Latosol, corresponding to the Ferralsols
according to FAO (WRB, 2014), with a sandy-clay soil
texture, whose granulometric composition in the layer of 0-
0.20 m was 340+£4.42 g kg! of clay and 540+4.72 g kg'! of
sand, and did not differ statistically between the evaluated
areas.

The opening of the area was carried out in 1998 for the
implementation of pasture with brachiaria, which remained
for two years. The area was then used for annual crop
cultivation for six consecutive years, two years cultivated
with rice and four years with soybean crops 1st harvest and
corn crops 2nd harvest. After this period, the crop was
replaced by pasture, again with brachiaria, for another two
years. In January 2009, the area was desiccated with
glyphosate herbicide (1.26 kg ha! of a.i.) and then furrows
were opened for forest species planting, with a spacing of 20
m between rows for implantation of agricultural and livestock
activities, where there was no mechanical soil preparation.
The forest species were planted in the East-West direction to
allow greater penetration of solar radiation between the rows.

The treatments consisted of five soil-use systems
consisting of crop-livestock-forestry integration systems
(CLFI), with different tree arrangements and densities, which
are described in detail in Table 1.

The 20 m range between the tree rows was occupied by
crop in the early years. In January 2009, the sowing of rice as
Ist harvest was carried out, followed by the planting of
brachiaria only as soil coverage. In the 2009/2010 harvest,
the soybean was sown as 1st harvest and rice in the 2nd
harvest. In the 2010/2011 harvest, there was sowing of
soybeans in the 1st harvest and corn in the 2nd harvest. From
March 2011, the pasture was introduced in the middle of the
corn crop, which was grazed from June 2011. The average
stocking rate of the area was 3.7 animals ha!, with a gain of
1.04 kg day™' animal’!, in the stages of rearing and finishing.

Tabela 1. Descrigdo dos sistemas integrados de produgdo, Nova
Canaa do Norte-MT-Brasil.

Table 1. Description of integrated production systems, Nova Canai
do Norte-MT-Brazil.

Sistema Arranjo Florestal
Eucalyptus (Eucalyptus urograndis) in single
EUC-I line: 2 m between trees and 20 m between
lines (250 trees ha™!).
EUC-II Eucalyptus in double line: 3m x 2m between
trees and 20m between lines (434 trees ha!).
Eucalyptus in triple line: 3m x 2m x 2m
EUC-III between trees and 20m between lines (577
trees ha'l).
Teak (Tectona grandis) in triple line: 3m x 3
TEAK m x 2m between trees and 20 m between lines
(577 trees ha'l).
Pau-balsa (Ochroma pyramidale) in triple line:
P-BALSA 3 mx 3 m x 2 m between trees and 20 m

between lines (577 trees ha™).
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To evaluate the variability of soil physical properties
under the different environments provided by the CLFI
system, five sampling positions were considered within each
treatment. The sampling positions were defined in the
transversal direction to the forestry species lines being: at 10
m from the trees on the south side (10S), at 5 meters (5S), at
the center line under the trees (0), and again on the north side
at 5 m (5N) and at 10 m (10N), as Figure 1.

(meters)
0

Figure 1. Sampling points in integrated production systems, Nova
Canaa do Norte-MT, Brazil.

Figura 1. Pontos de amostragem nos sistemas integrados de
producdo, Nova Canad do Norte-MT, Brasil.

In May 2013, an undisturbed sample was taken by
sampling position in the 0-0.10 m and 0.10-0.20 m layers,
considering three replications per production system, totaling
150 undisturbed samples. The undisturbed samples were
obtained through metallic cylinders of 0.049 m of diameter
and 0.05 m of height to determine bulk density (BD), soil
resistance to penetration (RP), total porosity (TP),
Macroporosity (Ma), Microporosity (Mi) and Cryptoporosity
(Cr).

The undisturbed samples were saturated through gradual
elevation of a water level for 24 h and then submitted to the
matric potential (¥) of 0.01 MPa and 1.5 MPa, applied to the
tension table and Richards chamber, respectively. The
volumetric moisture in each tension was calculated
considering the bulk density of the treatments. After
equilibrating the samples at each stress, their water contents
were determined. After the samples were dried in an oven at
105°C for a period of 48 hours to determine bulk density and
total porosity, using the method proposed by Embrapa
(2011).The pore volume was determined by the matrix
stresses that allow to classify the pores as a function of their
diameter, being considered as Macropores, those with a
diameter equal to or greater than 0.03 mm, equivalent to a
tension of 0.01 MPa; cryptopores from 1.5 Mpa (<0.0002
mm); and micropores (pores with a diameter between 0.03
and 0.0002 mm) determined by the difference between the
tensions of 0.01 and 1.5 MPa (Adapted from KLEIN,
LIBARDI, 2002).

The PR was measured with a static electronic
penetrometer with a constant penetration velocity of 10 mm
min’', a cone with a 30° angle and a base area of 0.070 cm?,
The readings were performed with the undisturbed samples
whose water content was the remaining at the tension of 0.01
MPa. The average PR was obtained from the 180 core values,
with the first and last centimeter of the sample ends being
neglected.

The BD was obtained by the relation between the weight
of the soil by the volume of the cylinder. The relative bulk
density (BDR) was determined on deformed samples
collected in the 0-0.20 m layer and passed in 4 mm sieves.
For this, the Proctor test was used with material reuse

Nativa, Sinop, v. 6, n. especial, p. 722-728, dez. 2018

(NOGUEIRA, 1998), according to the norms of ABNT-NBR
7182 (1986). The BDR was obtained by dividing the bulk
density by the reference density and multiplied by 100, being
the result in percentage.

The averages were separated by the bootstrap technique,
with 1000 random resampling with replacement, according to
the method described by Christie (2004). This technique
allows to estimate parameters of interest, such as average,
variance, confidence intervals, among others. This technique
is called a non-parametric bootstrap, since bootstrap
estimates are based only on the data, and the probability
distribution is not expected for this data (MELO FILHO et
al., 2002; EFRON; TIBSSHIRANI, 1993). From the universe
of 1.000 values, it was also possible to establish the upper
and lower limits of the average confidence interval, at 95%
probability, and this procedure was wuseful for later
comparison of the means between them (MELLO et al,
2015). Thus, averages with common values within their
confidence intervals, where the error bars meet do not differ
from each other, whereas the absence of common values
indicates a significant difference (at 5% probability) among
them.

3. RESULTS

The BD presented significant difference among integrated
production systems in both evaluated layers (Figure 2). The
integrated systems in forestry arrangement with Teak and
Pau-balsa presented the highest values of BD in the 0-0.10 m
and 0.10-0.20 m layers in relation to the Eucalyptus systems.
The lowest values of BD were observed in the systems with
Eucalyptus in double line and triple line. There were no
significant differences in BD between the soil sampling
points in the different integrated production systems.
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Figure 2. Bulk density in different integrated systems of agricultural
production, Nova Canad do Norte-MT-Brazil (EUC-I: single line;
EUC-II: double line; EUC-III: triple line).

Figura 2. Densidade do solo em diferentes sistemas integrados de
producdo agropecuaria, Nova Canad do Norte-MT-Brasil (EUC-I:
linha simples; EUC-II: linha dupla; EUC-III: linha tripla).

We determined the maximum soil compaction in the
production systems using the Proctor test. The optimum
compaction humidity as well as the maximum bulk density in
the systems were respectively 0.19 kg kg'! and 1.52 Mg m
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in Bucalyptus single line; 0.22 kg kg! and 1.46 Mg m™ in
Eucalyptus double line; 0.20 kg kg! and 1.48 Mg m? in
Eucalyptus triple line; 0.20 kg kg and 1.51 Mg m™ in Teak
and; 0.17 kg kg! and 1.56 Mg m* in Pau-balsa .

The relative bulk density (BDR), corresponding to the
relation between bulk density and maximum bulk density
(SILVA et al., 2010) showed a significant difference in the
0.10-0.20 m layer (Figure 3). The lowest value of BDR was
observed in the system with three Eucalyptus lines and the
highest values of BDR in Eucalyptus systems in double line
and Teak in triple line. The overall average was higher in the
0-0.10 m layer compared to the 0.10-0.20 m layer (89.10%
and 88.21%, respectively).
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Figure 3. Relative bulk density in different integrated systems of
agricultural production, Nova Canai do Norte-MT-Brazil (EUC-I:
single line; EUC-II: double line; EUC-III: triple line).

Figura 3. Densidade relativa do solo em diferentes sistemas
integrados de producdo agropecuéria, Nova Canad do Norte-MT-
Brasil (EUC-I: linha simples; EUC-II: linha dupla; EUC-III: linha
tripla).

There was no significant difference between the
integrated systems for the soil resistance to penetration (PR)
in both layers evaluated, with an overall average of 5.13 MPa
and 3.54 MPa respectively (Figure 4). The sampling sites
also did not present significant differences among them in
both analyzed layers.

The treatments with Eucalyptus, independently of the
forestry arrangement, presented the highest values of PT in
both layers, differing statistically from the treatments with
Teak and Pau-balsa (Figure 5).

The porosity distribution in the macropore, micropores
and cryptopores fraction for the 0-0.10 and 0.10-0.20 m
layers is described in Figure 6. The volume of macropores in
the 0.10-0.20 m layer was higher in the Eucalyptus III system
with 0.14 m® m? differing statistically from the other
treatments. In the 0.10-0.20 m layer, the microporosity was
higher in the system with Pau-balsa and smaller under the
systems with Eucalyptus I and III. However, for the 0-0.10 m
layer there were no changes for this variable. The cryptopore
volume in the 0-0.10 m layer and 0.10-0.20 m layer was
lower in the Pau-balsa treatment.

The forestry arrangements consisting in Eucalyptus lines
did not differ for most of the analyzed attributes, such as the
BD in the 0-0.10 m layer (Figure 3), PR (Figure 4), TP

(Figure 5), macroporosity and microporosity in the 0-0.10 m
layer and cryptoporosity in the 0.10-0.20 m layer (Figure 6).

Comparing the three-line arrangements consisting in
Eucalyptus (EUC-II), Pau-balsa and Teak, a statistically
significant difference was observed for BD in both layers,
with the lowest values found in the forestry arrangement with
Eucalyptus. For TP, again the statistical difference was
observed in both layers, with the forestry arrangement with
Eucalyptus presenting higher values.
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Figure 4. Penetration resistance of soil in different integrated
systems of agricultural production, Nova Canaa do Norte-MT-Brazil
(EUC-I: single line; EUC-II: double line; EUC-IIL: triple line).
Figura 4. Resisténcia do solo a penetragdo em diferentes sistemas
integrados de producdo agropecuéria, Nova Canad do Norte-MT-
Brasil (EUC-I: linha simples; EUC-II: linha dupla; EUC-III: linha
tripla).
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Figure 5. Total porosity of soil in different integrated systems of
agricultural production, Nova Canad do Norte-MT-Brazil (EUC-I:
single line; EUC-II: double line; EUC-III: triple line).

Figura 5. Porosidade total do solo em diferentes sistemas integrados
de produgdo agropecuaria, Nova Canad do Norte-MT-Brasil (EUC-
I: linha simples; EUC-II: linha dupla; EUC-III: linha tripla).

4. DISCUSSION

The highest values of BD were observed under the
integrated systems with Teak and Pau-balsa. In these forestry
arrangement in the triple-line, spaced at 20 meters between
the forest rows promoted greater shading in relation to the
Eucalyptus treatments. In this way, the lower development of
the grass has made the soil more exposed to the animals
trampling. Gobbi et al. (2009) observed an inversely
proportional relation between the dry matter production of
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the brachiaria grass and the level of shading. According to
Paciullo et al. (2011), the natural shading affects both the
intensity and the quality of the incident radiation, promoting
lower density of tillers, especially under intense shade
conditions. In this way, the bad development of the grass,
caused by the low photosynthetic radiation associated with
the animals trampling, resulted in less physical protection of
the soil in these systems.
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Figure 6. Volume of macropores (MA), micropores (MI) and
criptopores (CR) in different integrated systems of agricultural
production, Nova Canad do Norte-MT-Brazil (EUC-I: single line;
EUC-II: double line; EUC-III: triple line).

Figura 6. Volumes de macroporos (MA), microporos (MI) e
criptoporos (CR) em diferentes sistemas integrados de produgdo
agropecuaria, Nova Canad do Norte-MT-Brasil (EUC-I: linha
simples; EUC-II: linha dupla; EUC-III: linha tripla).

For this study, there was no difference among the
sampling sites for the variable BD. Souza Neto et al. (2014)
and Paciullo et al. (2010) also found no differences for the
BD variable in different sampling sites in relation to the
Eucalyptus tree line grown in integrated systems.

In Proctor's essay, as soil moisture rises, bulk density also
increases. This characteristic behavior occurs until a certain
moment, since from certain moisture content the soil takes
the water form (BUENO; VILAR, 1998). The ideal
compaction moisture content represents the inadequate
moment for agricultural operations with machinery, because
under these conditions changes occur in the soil structure that
will provide maximum compaction. According to Arvidsson;
Hékanson, (1991), from the relative bulk density, it is
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possible to compare different soils quantitatively, minimizing
the differences between them.

Several studies have been carried out in order to consider
the optimum relative bulk density for the productivity or the
maximum relative bulk density supported by the crops.
Beutler et al. (2008) observed a decrease in yield of soybeans
and maize with relative bulk density from 79 and 81%,
respectively. According to Lindstron; Voorhees (1994)
values of BDR above 86% compromise root development for
most crops. Thus, the average values of BDR found in this
study can be considered as high and detrimental to crop
development (Figure 3). Several factors may have
corroborated for the high values of BDR in the treatments,
among them the management practice in the systems. During
the process of the treatments installation, there was no
preparation of the soil, with only opening of furrows for the
planting of forest species. In this way, it is assumed that the
area was already compacted by the fact that it was being
previously conducted with grazing in an extensive system. In
addition, the cultural management of rice, soybeans and corn
involved the use of machines for planting, desiccation, pest
control and grain harvesting.

The PR values observed in all treatments (Figure 4) are
above the values considered critical to the development of
most agricultural crops that is 2.0 MPa (TORMENA et al.,
1998). According to Rosolem et al. (1999), values of 1.3 MPa
of PR are sufficient to reduce the growth of the adventitious
seminal roots of maize by 50%.

The high PR values observed in the 0-0.10 m layer
(Figure 4) can be attributed to the animals trampling over 24
months in the integrated systems. When evaluating the soil
physical properties in a crop-livestock integration system,
Lanzanova et al. (2007) verified that the soil compaction due
to bovine trampling during three years of evaluation was
limited to 0-0.10 m. The higher bulk density in the subsurface
layer is a result of previous tillage and plowing operations
associated with animal trampling (SPERA et al., 2010,
LANZANOVA et al., 2007).

Regarding the different sampling sites, the physical
attributes (BD, BDR and PR) did not vary in the different
environments provided by the integrated systems depending
on the trees. Some studies also did not observe differences in
the physical attributes of the soil with the distance of the trees
rows in integrated production systems (PACIULLO et al.,
2010; STONE et al., 2015; SOUZA NETO et al., 2014). It is
presumed that this variation in attributes occurs very
succinctly, even though some researchers have observed the
preference for animals under the canopy of trees, possibly
leading to soil disruption at these sites.

The values of total porosity measured in the integrated
systems (Figure 5) are lower than those recommended in the
literature as not limiting the development of the crops.
According to Freddi et al. (2009), the macroporosity shows to
be the most altered physical property by the compaction,
being observed in this study, alterations in this variable in the
0-0.10 and 0.10-0.20 m layer.

The values of macroporosity in the production systems,
for both layers, did not present restrictions to the
development of the plants according to Prevedello (1996).
According to Ledo (2002), the oxygen flow towards the plant
root system is severely impaired when aeration porosity
(macropores) is below 10 m* m. The treatments with Pau-
balsa and Teak presented a lower Pt volume in the 0.10-0.20
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m layer (Figure 5), that can be attributed to the higher bulk
density found in these systems. In this way, it is considered
that after four years of integrated systems implantation, the
planting of Teak and Pau-balsa in the configuration of triple
lines (3x3x3) spaced 20 m between rows -contributes
considerably to soil disruption in relation to systems with
Eucalyptus in single, double and triple lines spaced 20 m in
the rows.

5. CONCLUSION

After four years of implementation, the integrated
systems of production under Eucalyptus promoted lower bulk
density and higher porosity in relation to the systems with
Teak and Pau-balsa.

The integrated systems with Teak and Pau-balsa in a
triple line scheme spaced at 20 m, provided greater soil
physical degradation.

The cryptopore volume was lower in Teak and Pau-balsa
systems.

There was no difference for the bulk density and relative
bulk density variables in the different environments provided
by the CLFI and their different arrangements and tree
species.

The forestry arrangements constituted by Eucalyptus
rows did not differ among themselves for BD, Ma and Mi, in
the 0-0.10 m depth, PR and Pt, in both layers, and Cr in the
0.10-0.20 m depth.

The triple line arrangements with Eucalyptus, Pau-balsa
and Teak presented statistical differences between them for
the attributes BD and TP, in both layers evaluated, being the
lowest values of BD and higher of TP obtained for the
forestry arrangement with Eucalyptus.
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